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EVIDENCE FROM NEUTRON ACTIVATION ANALYSIS OF 
~' . 

EARLY HELLADIC POTTERY FROM ARGOLIS AND KORINTHIA 

'Çeramic production and ex change in Early Bronze Age. 

Greece have been studied through provenance deter.mination 

by neutron activation anal-ysis. The concentrations of 

Na, K, Rb, Cs, Ca, Al, Sc~ La, Ce, Eu, Yb, Th, Ti, Hf, V, 

Cr, Mn, Fe, and Co were deterrn~ned, with respect to 
, ~ 

Perlman-Asaro standard p6ttery, in 255 abjects of the J 

Early Helladic (or EH) II and III periods found at 

Keramidhaki, Ko~âkou, Phlious;-Zygouriés, Tiryns, and 
~, 

Asine in Korinthia and Argolis. Multivariate treatment 

of these data, rnerged with 162 analyses from the author 1 s ' 

earlier work with samples from Lema (Argolis) and Lake 

Voul±agméni (Korinthia) 1 yielded Il compositional reference 

groups. Many of these could be attributed to centres of 

product~~ri on distributlonal or other grpunds, thereby 

allowing the sources of more than half the sampled objects 

to be determined. 

The following'conclusions were reached: AlI 8 sites 

:(except possibly Phiious} were sources, of common EH II 
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ware (sauceboats and small bowls), which had limited 

distributions. Many unu~ual EH, II fine wares had ,other 
\ , 

, sources and broader distributions. Thë attribution of 

coarse wares was cornplicated by the presence of tempe ring 

material. The changes in pottery acquisi tio~ patterns 
. " ~) 

which accompanied the beginning of EH III were probàbly 

more drastic at Tiryns than at Lerna or Korakou., 
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RESUME 'J 
ai' 

. Michael Attas C,himie'j Etudes classiques, 

7 
, unive~sité McGi11 

. LE COMMERCE REGIONAL DES eE~QUE's EN GREeE ~ •. 
AL' AGE DU BRONZE ANCIEN: ANALYSES PAR ACTIVATION 

• r , 

NEUTRONIQUE DE POTERIES DE L'HELLADIQUE ANCIEN 
. r 

EN PROVENANCE DE L'ARGOLIDE ET DE LA CORIN.THtE . 

Nous avons étudié la fabripati~n et les échanges de 
1 

• céramiques en Grêce pendant l'Age du Bronze Ancien. Nous 

avons dosé, par activation neutronique relative à l'étalon 

de perlman et Asaro, les teneurs de~ éléments Na, K, Rb, 

Cs, Ca, Al, Sc, La, Ce, Eu, Yb, Th, Ti, Hf, V, Cr,' Mn, Fe, ... 
et Co $Ï~ans. 25"5 objets.'de~ phase);;~elladique Ancien (ou HA) 

II 'et III t~ouvés à ,Ke rami dh,aki , Korâkou " phlionte, ~ 
, 

Zygouriês, Tirynthe 1 et Asinè ~n Argolide et Co~inthie. . .... , 

. Le~tràiteme?t.multivariable de ces données, ains~ que de 

~62 analyses antérieures d'objets de Lerne (Argolide) et 

du Lac VôuliagI!lé~i (Corintl)ie), a produit Il' groupes' de' 
, \' 

, " 
composi tion. Nous avons pu attribuer plusieurs de~ ces 

" , groupes à des centres' de fabrication, et avons détermipé, 

l'origine-de plus de la moitié des objets. 
. r 

• 1 

N~S c'onclusions sont les suivantes: 

- des potiers à· chacun des 8 si tes oi l' e;)l:ception 
J " _ 

. " 
possiblé de Phliontel' fabriquaient de la cér~ique èdtnmune' 
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(sauciêres et petits ,bols) don~ la 
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q.istribution 
1 

- " 

~tait, 

I, 
limit~e; 

! 
ï 

:; _ ~ i 
-' la plupart des types de c~ramique fine provenaient' 

1 
~ j , , 

, ,'-

d'autres sources et leur distrib~tion était plus'répandue; 
/ 

- les attr~butions de la c~ramique grossiêre ont ét~ 

embrouill~es-par la 
! 

pr~sence de~ d~graissants 
\ 1 ~ \ 1 

, ~ 

(inclusions' 

,"'dans la pâtef: " \:, 
- il semble que les habitud~s de production ont 
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NoTE ON TRANSLITERATION ' 

.. . 
< • 

,,'," Jo ,lUl renderings of Gréek names into ,English tread a 

path.~~~é~ ~Fle~ arbitrariness'and rigid, pedanti~ 
cons~stency~e a~m in thi~ thesis is to use familiar 

trans1iterations where they exist and systematic versions ---otherwise. Modern Greek place-names have generally been 

trans1iterated phonetical1y, with an accent to mark the 

stressed syllable, foll'Owing the system of the Blue Guide 

to Greece (RÇ>ssiter '1973). Ancient names have usua'lly 

been rendered into Latin characters on,a traditional, 
{ 

letter-by-letter.:, basis. ,Exceptions have been }:llade for 

,common names with conventional EngLish sp~llings, such 

, . as Mycenae and Crete. ,This 'al1ows a ,distinction to Be 

made between the oancient city here 'cailed "Corinth" and 

the'modern town, "K6rinthos" , nearby. Sorne inconsistencies 

, 
,.. . .. 
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1. INTRODUCTION 
, " , 

, ' 
-l.1 The stud:[ of Greek Erehistorl 

jhe study of man's prehistory is iQ part an investigation, 

of his gr~duà1 rise to civi1ization. Raw material for this 

investigation is the archaeological record, sparse for the 

ear1ier s~ages but grow:i,.ng more abundant as man ·left more 

concrete and comp1ex trace'S of his actïvi ties.' One area 
-

where this progression has been particu1arly weIl studied is 
) , 

Greece (Fig. 1-i). Ftom the time of Sch1iemann's spectacu1ar 

discovery of the shaft graves at Mycenae in 1876 l 'research 

haS . steadi1y en1arged our know1edge of the" Minoan and 

Mycenaean ~vi1izations and their antecedents. Toqay the 

continuous habitation of Greece can be traced back to Neolithic 

times, and at a few sites even further. 

The step,s in the modern ~iscovery of prehistoric Greece 
• ' 'f 

have been described by McDona1d (1967), Stubbings (1972),1 

" 
and Warren (1975). The fo11owing summary is based on their, 

, 
accounts. 

The 1ast q~arter of the nineteenth century saw Sch1iemahn's 

and Dërpfe1d'~ excavation of the ~a1ace at Tiryns (1884-1885), 

and the continuation of their work at Troy (1882, 1890). In 

the fyc1adic is1ands hundreds of primitive graves were excavated 

by Tsountas during the 1890'5, and three successivé settlements 
'r. 

were discovered at Phylakbp! on Mélos by a British tepm 

(1896-1899). 

,- ... - ... - ... - -- "'-'~""'-" 
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FIGURE 1-i: Partia1'distributÂon of Ear1y Bronze l and II', 

~ 

'>0 

, . 
sites in GreecC? (after Hope Simpson and Dickinson 

1979, Map l). Stipp1ed areas denote land above 

200 metres. The area in the rectangle is shown 

enlarged in Figure 3~i. Key to numbere9 sites: 

i. Pevkakia 
2. Orkhomenos • 
3. Lithar~s 
4. Eutresis 
5. M;1nika ( , 

6. Lefkand{ 
7. ~skitari6 -
8. yios Kosmis 
9. Koldnna 

10. . Korakou 

Il. zygouri~s 
12 • Akovitika 
13. Pavlopétri 
14. Pelikata l0-

IS. Ay!a Irini (K~a) 

0\ ' .. 
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Sir Arthur Evans' excavat~ons of the palace at Rnossos 
~' " 

on Crete beginning at the turn of the century revealed the 

glories of the Minoan civilization, and established its 

priority over that of Mycenae. The Rnossos stratigraphy 

enabled Evans to classify the rernains into four periods, 

- narnely the Neolithic followed by the Early, Middle, and Late 

Bronze Ages. For the Bronze Age, this paralleled the 

seq\lence of settlements at Phylakop{, an<;1 was i tself paral-, 
. " 

lele~ by evidence from sites of the Peloponnese. 

During and after the First World War, Blegen excavated 
J 

at KorAkou, zygou~ié~s, and Gonië(.in the Korinthia. In 

collaboration wi tJ;1 ,Wace, he di'vided the rnaihland Bronze Age 
;) 

into three peri0ds which wer,e narned Early, Middle, and .Late, 

Hel,ladic-, to v cor.respond 'wi t~ the designations "Minoan If, for 
. , 

Crete and "Cycladie" for the island group of t.hat narne 
./ 

(Tabl~ l-I). The Late Helladic period is synonymous with 

the Mycenaean Age. 
" , 

Subsequent work by specialists in Gre~k prehistory has 
1) " 

clarified the cultural sequence in Crete~ i~ the Cy~iadic 

islands, and on the rnainland. At the sarne tirne, the geo- '0..0', 

graphical range and the variety or characteristic features 

of these cultures ,have been explored. Highlights.of t~ese 

,ao.vances include excavation of the Late Minoan palac;és, a't . 

1 1 (' 1 1 
,Phaistos, Mallia, Kato Zakro, and Khania; th,e Mycenaeari one 

at Pylosi and the Cycladic town or palace at Akrot{ri on 

.~ 
t ":1Jif 

Thêra. Fùnerary practices have been studied through exc~vation 

" 

.' 
,-, -,..-,"", 
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TABLE I-I: Chronological Chart for the Greek Bronze Age 
n 

~ (after Hope Simpson and Dickinson 19791 

AlI da es are approximate, the earlier cnes very mu ch 50. 

Abbreviat"ons used: 

E, M, L 

M 

H 

B 

GP 

,KS 

PG 

DA 

, . ' . ~ .. ~~ 

, 1 

Early, Middle, Late 

Minoan 

Helladic 

Bron~e 

Grotta-Pelos (Early Cycladic 1) 

Keros-Syros (Early Cycladic II), 

Protqgeometric 

Dark Age 

~ ,-", ~ .... -

/ -----
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of the Early Minoan tombs ~f the ·Mes~r1' plain, a large number 

of Early Cycladic cemete~~es, and the Mycenaeap cemeteries at 

Prosymna in the Argolid and~Perat{ in Attike. Unexpected 

discoveries of Late Bronze Age temples 'at M~cenae, Tiryns, 

K~a( and PhylakopÎ have led ta a ·-fulle~ un~~'rstanding of 

Mycenaean teligion. 
~ t . 

A view of Mycenaean life.from a different 
. 

angle wa5 provide~ by the deeipherment of th~ syllabic script 

(II L;inear B ") of the Late Bronze Age palaces o. Research has 

also resulted in the systematic study of ali,types of pre-

historie art~facts, and in more synthetic studies of pre-

historie "history" , religion, trade, technology and culture 
• ' 1 

processes. The state of Bronze Age studies in the 19~O's has 
o ' 

been described by Hoad (1971), Vermeule (1972), Renfrew (1972), 

Christopoulos and Bastias (1974), Warren (1975), Chaowick 

(1976), Schachermeyr (1976), Dickinson (1977), and Thimme 

(1977).. These works give full references to the discaveries. 

mentioned above. They a1so serve as ~ources for the synopsis 

of the Early Bronze Age which .follows. 

, 
1.2 ' Sa1ient features of the Greek Ear1~ Age 

• 
If any one ward can be used to characterize Early Bronze 

Age life in the Aegean, it is "diversified". T~e work of 

Treuil (1979) has shown that deve10pment froID ,the preced!ng 

Nebli thic period was not abrupt., nor was it eharacterized by 

any single drarnatic technical advance. Rather, a slow proeess 

of differentiation was taking place in many'aspects of society, 

- .' l' . , ' 
-.- --___ ....... ~_,..>->o .. ~ 
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leading to a more complex orgarlization of èulture. 0f course, 

the archaeological record does not al,low' us to view society 

directly, but the material remain& themselves testify to 

diversification in various fields of endeavour, and their 

inte~retation leads to an understanding of more abstract 

changes. (; 

Relatively little is known about the last phase of the 

Late Stone Age,. the "Final Neolithic" (Renfrew 1972, pp. 68-BO)'. 
+, 

Farming was based on grain crops such as emmer wheat, ,and on 

pulses and fruits, with.domesticated sheepjgoats, cattle, 

and .pigs providing meat. Decoration on pottery was limite~ . 

. to pattern-burnish and crusted-paint: There are sorne 

indica~ions of copper smelting, particularly at Kephala on 

Kéa (Coleman 1977, p. 4). The earliest Greek cemetery with 
, 

,built graves was also found at Kephala. Finally, the little 

evidence that exists for village plans shows them to have been 

agglomerated at Knossos ~ut open (i.e., with individual , 
single-roomed houses) in central and northern G~eece (Renfrew 

1972, p. 80). 

The most notable changes whiqh mark the beginning of the 

Early Bronze Age in the late fourth millenniurn BC are a, general 

displacement of settlements towards seacoasts (Treuil 1979, 
, 

p. 530), and a variety of changes in pottery styles. Paint~d 

pottery appeared in Crete (Renfrew 1972, p. 84), incision and 
L 

red slip were used as decorative techniques on the Greek 

mainland and the Cyclades (Renf~ew 1972, p. 100), and bowls 

• 

\ 
--.~-----.~----_._. ---
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with rol1ed rims became common in the Cyclades and the Troad 

(Renfrew 1972,- p. 153). Otherwise, during the first phase _ of 

the E'aJ;:ly Bronze Age, at least, most aspects of material' 

culture remained unchanged (Treuil 19~9., p. 799),. 

The s~cond phase of the Ear~y Bronze- A~e (mi,d-third­

millennium BC andperhaps earlier) was characterized by an 

apparent quickening in the pulse of life, in the words of 

Re~frew (1972, p. 451) transforming: -

-

what were hi therto essentially independent cultures in: 
different regions of the Aegean into a complex of 
related units whose individuality although at first 
,distinct 'became gradually less marked as the bronze 
age continued. Indications of contact becarne suddenly 
very much more numerous: an international spirit was 
abroadi and forms and conventions in one region were 
very rnuch more readily adoptedoin others. 

Renfrew' s book The Emergence of Civilisation (197,2) is a study-~-' 

of the processes that led to this developmen~. He attributed 

it to the workings of the "multiplier effect", a positive 

feedback arnong the several sub-systems ,of the ~~rly Bronze 
\ ' 

Age cultural system: subsistence, metallurgy, craft technology, 
" 

social systems, projective systems, and trade and co~unication. 

In this section we are less~concerned with determining the 

origins of the Early Bronze Age cultures than with describing . , ' 

~eir various aspects. Renfrew's categories nevertheless 

provide a convenient outline for discussion, with consideration 

of the last of them, trade in the Early Bronze Age, beîng'. 

rèserved for the following section. 

... 

-__________ .. _~_,_w_._~ __ ._w ____________ --~ 
~--, ------~-~-~---------
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The mode. of subsistence characteristic' of the Early 

Bronze Age A~gean was, according to Renfrew (1972, p. 280), 

Mediterranean polyculture. To the range of crops cultivated 
, . 

during the Neolithiè were added the olive and the vine. The 

introduction of both of these must have had .considerable 

effect on everyday life: cooking, personal hygiene, lighting, 

and ce~nies would aIl have been transformed. MQreover 

their c~tivation did not compete with that of the already­

established' crbps, since the olive and the vine can thrive 

. on marginal land, such as hill slopes, and require "r:elati vely 

little attention. 
( 

The total productivity was thus increased 
"-

and di versified. 

Among those for which we have evidence, metallurgy: is the 

craft which showea the most developrne~t during the Early Bron~e 

Age (Renfrew ~972, pp. 308-338). Both the number and the 

var~ety of metal artifacts recovered from contexts of that 

period are much greater than those from earlier ones. Known 

metals included gold, silver, lead, and copper, the last often 

alloyed with arsenic or with tin to make bronze. Bronze was 

used for tools and weapons; lead for repairs to pottery, for 

bracelets, and for figurines; silver and gold for jewelry and 

vessels. ~he availabili ty of luxury goods bath reflected and 

~ncouraged social changes, such as the evolution of wealth, 
, { 

wealth disparities, and social hierarchies (see below) . 

. The availabil~ty of met,al tools was no doubt an 

adva~tage to craftsmen in many disciplines. 
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boatbuilding, mason,ry, jewelrY, 'sculpture, and gem, seal, 

and stone-~ase carving would aIl have'benefited. There is 

direct evidence for technical progress in a number o~ these 

areas (Renfrew 1972, pp. 339-361). Although sorne rnarble 
\ . 

vases were made in the Neplithic period, it is only in the 

third millennium that they became popu1ar (Renfrew 1972, 

12. 347). The use of a tubu1ar driJl great1y faci1itated 

~heir manufacture, and a1lowed harder stones to be carved 

as weIl. Enlargement of the selection of too1 types at 

the disposition (bf the craftsman thus led to an extension 
\ r 

of the range of r~w materia1s wS?rkable by him," and 

resulted in a diversification of objec~s produced, ,some 

1 of which appear in the archaeo1ogical record. It should be 

emphasized that the old tool types continued.to be used as 

weIl. This is true at 1east for obsidian blades, still 

very common on Early Bronze Age sites (Torrence 19791. It 
, . 

" 
would seem reasonab1e, from the sophistication and diversity 

of artifacts produced during the Ear1y Bronze Age, to assume 

the existence 'of specia1ized craftsmen, either fu~1 or 

part time. 

The social.systems of the Early Bronze Age are more 

difficult to discer~. 
< 

Renfrew (1972, pp. 3'70-399) indicated 

three aspects where evolution from the Neolithïc'is evident. 

These ~re the emergence of wealth and hierarchYi the develop­

'ment of oWnership and redistrib~ioR; 'and hostility and the 

inception of warfare. 

f • 
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Disparities in the wealth of individuals are most clearly 

seen from the contents of their graves, especia11y those 

excavated in the Cyclades (Doumas 1977). During ~he third 

millennium BC the difference between the richer and poorer 

graves of individual cerneteries grew ever greater. Whereas 

the poor ones contained a few pottery vessels, or nothing at 

/ ail, the rich ones had .marble vessels and other stone objects, • 

. By the end of the Early Bronze Age the richest graves 

contained personal adornments of sil ver as weIl as metal tools 

and weapons. There is even an indication that simple pots 

. were shunned oy the rich, as they do not often appear in 

association with me~al objects. These disparit~es do not 
. 

seem to be related to the sex of the deceased; instead a 

conscious concept of weal th U and status is -in evidence 

,(Renfrew 1972, p. 374). Similar conclusions can be drawn 

from the vaFiations in the size of buildings, which range 

from sing1e-room huts to the monumental structure at Lerna 

known as the House of the Tiles: a large, tw~-storey building 

dating to the end of the' second, or middle, p~ase of the 

Early Hel'ladic period. 

- The developme~t, of aq economy which included a system 

of storage and redistribution of goods can also be deduped 

from the archaeologica+ record. The existence of seals and 

sealings in the third-millennium-ÊC Aegean indic~tes that 

in many instances, an oW9~r or producer of certain.goods 

took pains to identify 'them as his, most likely while they 
., 

" 

. ,.. 
/' 
" , 

'" ~ ~ _~M_~ r-.-, ~ __ ~ ..... ___ ...... __ ~ ~_~ _ ~ ,.:r_ 
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~ were somewhere not under his control. !n other words, there 

was at that time a "distinction between ownership' and im-

me ia te possession" (Renfrew 1972, p. 388). -The Early Bronze 

occupation levels at Lerna, in the Argolid, provide more 

~o crete evidence. The House of the Tiles' contained a deposit 

of 124 clay sealing fragments in one of iqs small rooms 

(Heath 1958). Lmprints on their reverse sides show that they 

had been used to secure wooden chests and storage jars. It 

is likely, then, that the House of the Tiles itself was a 

focus for the storage and redistribution of goods (Renfrew 

1972, p. 3901. SOIDe sort of centra~ authority is' implied by 

the mere presence 'of such an imposing s~ructure, as weIl as 

by the presence of a double fortification wall belonging to 

a slightly earlier phase. 

The appearance of defensive works, together with weapons, 

is the llla.in indication of a third' social development, that of 

warfare (Renfrew 1972, pp. 392-398). This was no doubt 

linked to the e~eIgence of wealth disparities, and also to 

the use of oar-powered long ships (for which there is 

pictorial evidence) for piracy. 

The most abstract of Renfrew's sub-systems, the 

symbolic and projective sub-systems, will not be treated 

here in detai!. These include language, mensuration, notation, 

play, art, and religion. Suffice it to say tha~ ~ese are 

the- aspects of a culture which are most'· evocati ve to our 

, imaginations and which most str~kingly characterize a people. 

'. < 

-1 _.-.;.-
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unfortunà·tely, ,the evidence is often' difficu1t to fnterpret 

(or, what;: is worse, open-ta a larg'e number of, 'aIter_n~tive 

interpretations). The only: features-of these ?ub-syste~s 
~', - .Jol 

whichDare of direct re1evance to trade (discusséd in the . ' 

next section) are the-weights and records. With respect 

to these, Renfrew (1972, p. 409) notes that silversmiths of 
, -

-
Barly Bron~ Age Troy (Troy II) were capable, of precise 

, ' 

weight measurements, though the~e is no direct evidence for 
-

a system of weight standards. The only recording systems 

that have sur-yi ved are abstract seals and their sealings on - .. 
clay, and s'imple strokes incised on the lower parts of vases 

, 
("patters' marks Il) • 

1.3 Trade in thè Early B~ônze'Age 

Evïdence for ancient trade, or more generally for the 

movement of objects in prehistory (precisedefinitions 

fOllow), appears in two forms._ The .,pres,ence of a type of 
" 

, , 

raw material ,or an -abject made o! 'that material at a distance 
'. 

fram, i t5 known sour~c;.e..~;-p1:TIC)f-that ei ther the raw materi'al 

or the finished obj~ct has t'ravelled.~ Ai ternati vèly, '-an 
~ 

, . 
artifact whose form i5 very unusual :t=or the region in which 

i t was found, but· conunan in -anatner ,region, has a high 

probability of being an importe The possibility always exists" 

tha t i t was rnàde a t 'the place where i t was J found, _ as an 

imi tation of - the co'rmnan fo'rrn of -another region, bu,!: even ~his 
" 

ls evidence G>f',contélct of some type . 

. . -- ---- ._~-~- ._-
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In the Aegean area, evidence of b'oth kinds éxists for 

the Neolithi,c and Early Bronze, Ages. Of course, it is 

li~ted,to abjects which have survived thousands~of years of 

burial; primarily those made of stone, bone, she~l, fired 

~lay, and metal .. By studying artifacts of th~se materials, 

it is possible ta note an intensification of exterp~l trading 

activity in the Aegean from the N'eolithic to the Early 

Bronze Age.' By external trade is meant a series of ex~hanges 

%> between different cultures, adj acent or widèly-separated. 

, , 

Internal trade, between villages, of a single culture, is more 

difficult to study (see section loS}'. 
~ 

At least two types of abject are known to have been 

tra'ded in the Late Stone Age. Fragments of the natural vol-

, . .' canic glass ,known as obsidi.an were used as cutting tools from 
" 

very,early times (Taylor 1976). The Ae~ean is bl~ssed with a 
., 

prolif,ic ~bsidian source on the Cycladic island of Mélos, and 
) 

. b' d . l' h two m~nor ones, on near y Ant~paros an on Y~a ~ to t e east. 

These can be distinguished chemically both one from the othe~, 

and from more distant sources in the Balkans, Anatolia, and: 

the We'ster.n Mediterranean (Renfrew et al. 1965; Durrani et al. 

1971: Aspinal1 et JI. 1972). Mélos is the source of almost 

aIl t~e obsidian at Neolithic sites in the Aegean, from Cr~te 

. to Thessaly. It seems from the dearth of permanent Neolithic' . 
settlements on 'Mélos (Cherry 1979) that any seafarer who 

<> 
wanted obsidian visited the island to collect sorne. Inhab-

'. 

itants of inland villages would most likely have obtained 

'" 

• 

'J' 
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, 
their supply", either directly or th,rough ermedj.aries, , 

from their coastal neighbours. In any case, e finding of 
{. ~ , 

obsidian 
, 

Melian in the Frankhth~ cave on ,th~ Arg ïc peninsula, 

in levels about 9000 radiocarbon years old, provide one of 

the earliest known indications that man was voyaging by sea 

(Dixon and Renfrew 1973). 

Tqe Aegean Sea was the source of another product traded 

during' th!3 Neoli thic period;: this one of decorative rather 

than technical importance. This is the shell known as 

spondylus, foqnd carved into bracelets at sites in the 

'Balkans and part~c~larly along the Danube,' Oxygen-isotope 
, . . 

'" .analyses by Schack1eton and Renfrew (1970) showed these to 

. " 
be'of:Mediterranean rather'than of Black Sea origine ,These 
• 

'researchers proposed a'trading mechanism based on successive 
\.... .. r 

,<;f-ft exchange,s. 

In the Early Br?nze Age, the long-dist~nce contacts of. 
" 

the }\eg,~an region were limi teçl chief1y to those of Crète 

wi~h ,Egypt and the Levant (Renfrew 19J~, pp. 446-44a). 

Egy~tian stone vases 'have occasiona11y been foun~ in Ear1y 

Minoan contexts, and the presence of ivory objects indi~ates 

importation of that materiai in one form or ~nother, perhaps 

from Syria. It is not known what was export~d in excJ:tange 
J 

for these objects. 

Within the Aegean'itself, 'slightly more activity. is seen 
.' '\-

during the beginning of ,the Early Bronze Age than in the 

Neolithic periode Melian obsidian continued to be widely 

~ 
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distribu.ted. There are 'certain slmilarities in the grave 

and pottery. styles of Attike and the Cyclades (this dating 

from the Final Neolithic phase) 1 and in the bowl forms of 

15 

the :Cyclades and the Troad (Renfrew 1972', 'p. 450). The great 

increase in contact and communication arnong these region&, , 

how,ver, came later in the third mil1ennium Be, during the 

se9Ônd phase of .the Ear1y Br~nze Age. The evidence once ~ 

~again cornes from strong similarities in the forros of a 

variety of art~facts. 

Certain <?opper and bronze obj~cts had a wide distribu­

tion:. midrib daggers, s10tted spearheads, tweez.ers 1 fIat· 

axes, awls 1 and pins in particular (Renfrew 1972, . p. 45" and ' 

'fig. 16.7). If it was not the finished tools· and weapons 

themselves that were traded, roetal ore or ingots must have 

circulated, and close contacts from region to region must 

have taken place for idea~ to be exchanged. A~parently such 

uniformity did not carry over to jewelry and other work 

precious meta1s (Renfrew 1972, p. 454). 
,,' 

Severa1 forms of pottery too show strong similarities 

,/ 
~-

from area to area within the",Aegean. The spouted bowl known 

as a sauceboat (see Fig. 4-i) is extremelY. common on the 

mainland and in "the Cyclades, so much 50 that its' distribu­

tion on the mainland has been used to define the limits of 

the Ear1y' Helladic II culture \(Renfrew 1972, p'. 453). Sauce-

boats have' also been found occasional1y ~n Crete (Knossos: 

Warren 1972; Plâtyv61a CAve, Khanià: Tzedhakis 1968, p. 415) 
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".' 
~d'in the northern-Aegean (Thérmi: Lamb 1936, P.. 90~ " . : .. .,' .,. 

" - -Poliokhn~: - Bemab~ .Brea 1964, pl. .CXXIX, C~ Troy: Blegen .. et al. 

" 
'1950, pp. '165,-166 and 188-193). The one-hand1ed cup is 

'another for.m-whose distribution is centred on the Cy~lades 
1 

and east-central Greece, with examples found as far apart 

as Crete and Troy (Renfrew 1972, p. 453). 

Stone objects, especial1y marb1e ones, were also wide-
" , 

spr~ad. It seems the Cyclades constituted the main region 
" 

of manufacture of marble pyxides, bowls, and folded"':-arm 

-
figurines (~himme 1977), which found ~herr way also to Crete 

and the main land'. On Crete the existence of a workshop 

produ~ing a local variety of the figurines has been deduced 

from the distribution of that type, known as Kournâsa (Renfrew 

1969b., p. 22,; 1972, p. 199). 

It is difficult to ascertain whether trading activity 

qindnished during the third phase of the Ear1y Bronze Age. 

Although new pottery types are evident during this period 

. in the Cyclades and the east coast of the mainlaI}d, their 

presence may not be due to peaceful trade (Rutter 1979). At 

any ra te ,_ in the Mi ddle Br.onze Age the initia ti ve for trading 

activity was taken by Cr~te, and Middle Minoan abjects are 

common in the Cyclades and ~he main land. 

The enumeration of similarities in the artifact as-

semblages of the various regions of the Aegean basin during 

the second Early Bronze Age phase is testimony to close 

contacts between those regions. Evidence for trade is ,.strong, 

., ' 
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and i t is clear that close cpnnections between the regions, 

in ·the forro of ,exchanges of bath products and ideas, had 

much ta do with· th-e development o,f other cultural sub-

systems during that period (Fig. l-ii). The actua1 mechanisms 

of the exchanges are of considerable intrinsi'c interest. 

Furthernore, an understanding of the processes by which the 

abjects were traded can help to explain the contribution 

made by trade tGl the flowering of cul ture in the Aegean 

during the third millennium BC. 

J 

1. 4 Theoretïcal s tudies or-trade 
. .-.:-r ........ --~ . 

The.progression in archaeological research from docu-

menting contacts ta determining trade mechanisms is not 

always' straightfor:ward. The s tudy of primi ti ve economies is 

a relatively recent development, ana the extraction of 

theorètical economic data from the archaeological record is 

younger 'still. This section summarizes the approaches most 
'1.' 

connnonly used today. In this discussion, tJ)e te,;rmi "trade" 

and "exchange" are taken to be :ynonymous a~an the 

transfer of goods from one owner to another, to the bene fi t 

of both. The tenu "commerce Il i5 more specifie, referring to 

trade on a 'large scale, and imp1ying regularity and complexity 

of organization. The concept of "trade" refers to movement 

of objects, but is intended ta excl ude phenomena such as 

abandonment, 108"s, piracy, and simple procurement (Petruso 

1979, p. 139). However, since aIl of these processes can 

\ 
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Relationship of trade to other aspects of life 

in the third-mil1ennium-BC Aegean (after 

Renfrew 1969a, p. 160 fig. 2) 1 with Renfrew's 

,caption. 
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, , 

resu1t in the presence of material or artifacts in a l'foreign" 

archaeo~ica1 context, the y too are' considered relevant to 

this treatment. 
~ 

The pioneering studies of the theore·tical aspects of 

ancient traÀe are those of polany.i and co-workers (1957). 

Th~y cautioned against seeing ancient trade mechanisrns through 

modern eyèsi that is, analyzing them using the prinoiples of 

modern economics. Princitive economic systems often , 

functioned in a radica~ly different manner. Polanyi (1957, 

p. '250) prC?posed three mechanisms, of increasing 'sophistication, 

which could nevertheless coexist in certain cultures: 

-reciproci tYl redistribution, and market exchange. His 

definition is succinct: 

Reciprocity den~tes movements'between correlative 
points, of symmetric groupings: redistribution 
designates appropriational movements towards the 
cent%le .and ou:t of it again: exchange refers to 
vice-versa movements taking place as ~ètween-'--

- 'hands' under a market system . 

(quoted by Renfrew 1972, p •. 461) 

1 

Feciprocity is the simplest, involving direct exchanges of 
. \ 

commodi ties between indi vidua1s. The transfe,rs may take the 

fèr.m of gifts, a balance of value not being a prerequisité 

to the t;ansaction. The 'second ope~ates under sorne central 
\ 

authority, who estab1ishes a location for the storage anIT-----

'\ redistribution of goods. M~mbers of the econornic group 

bring co~dities' to this centre, and receive,other goods in 

\ 

,,' 

, .' , 
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exchange, ~sually with records being kept of the quantities 

changing hands. The third is based on, a market system, and 

necessit~'tes a medium'of exchange, Le., money. The money is 
( 

~ssued and backed by an economic authority, and priees are set 

in terms of that money. Polanyi judged that marketeconomies 

were relati vely advanced, and did not exist before the 5th· 

century,BC (Athens) (Polanyi 1960; see also Finley 1973). , 

Ethnographie research has provided examples of aIl these 

systems, and of intermediate or hybrid ones (Bohannan and 

Dalton 1962). At the sarne time, archaeologists have sought 

to characterize the nature of the archaeological record that 

would result from the operation of each of these processes 

(Stjernquist 1967). Certain distinctions of sqale are useful. 

The lowest level is exchanges between the unitk (individuals, 

families, households, clans) cornprising a single settlement. 

Next cornes transfer of goods bétween settlements but within a 

culturally homogeneous region (inter-settlement, intra­

regibnal, or internal trade). External trade is concerned 

with the rnovernent of goods between two regions occupied by 
l> 

different peop1es, be they neighbouring {inter-regional trade) 

or widely-separated (long-distance trade).' The qualitative 

and quantitative differences arnong these forms of trade have 

been dis,:ussed by Heichelheirn (1958, pp •. 8~-95 and 130-132): 

Both the developrnent of theory and the interpretation of 
c 

archaeological evidence are most advanced for long-distance 

trade. Two recent collections of papers, edited by,Sabloff 
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and LazDb~rg-Kartovsky (1975) anq by. Earle' and 'Ericson (1977), 
~ 

çontain contributions to both topics. Mathematical models 

of trade, based on the ~"law of monotonie decrement" were 

discussed by Renfrew at both these symposia. He for.rnulated 

this law as follows (1977a, p. 72): 

In circurnstances of~uniform 10ss or deposi~, and 
in the absence of highly organized directional (i.e., 
preferentia1, nonhomogeneous) exchange, the curve of 

'frequency or abundance of occurrence of an exchanged 
commodity against effective distance from a localised 
source will be a monotonie decreasing one. ' 

Thê shape of the curve can be an indication of the exchange 

mechanism invo1ved. It may be possible to distinguish 

·aistribution~ bf artifacts resulting from multiple 'exchanges 

and short dis placements (down-the-line exchange), from those 

involving individual long trips. Indeed, according to these 

rnathematical models "central place redistribution and 

central place market exchange are spati~lly identical, 

••• [but they should] be distinguish~le from sYmmèt~ical, 

hornogeneous, r~iprocal exchange networks." (Renfrew 1977a, 

p~ SS). Deviations from the law of monotonie decrement may 

be exp1ain~d by postu1ating the existence of secondary centres, 

preferred trade routes, or competing sources (Bradley 1971; 

Hodder 1974; Hodder and Orton 1976; Clark 1979). 

The successful applications of fitting curves to the 

plot of apundance against distance-from-source have relied 

on high-quality arèhaeolo~ica1 data. By this is meant, first 

o~ aIl, that the imported material be easi1y recognized fmon g 

.. 
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the finds f~om each site, by either visual or technical means; 

secondly"that its p~esenèe be deterrnined quarrtitatively, as 

an abundarice or as a proportion (for instancé, in relation to 

the total volume of earth excavated); and thirdly, that these '" 

abundance values be available for a variety of conternporary 
, 

sites at different distances from the sOUrce. 

An early application was Renfrew's study (1969a; see -

also Renfre~ et al. 1968') of Anatolian obsidian. An approxi-

mately exponential fall-off was observed in the percentage of 
, ' 

obsidian in the total chipped stone industry at several tarly 

Neo1ithic sites in the Zagros area 0f the Near East. Ex-

tensive research by Hodder has been summarized in a treatise 

on spatial analysis by H0dder and Orton (1976). Hodder 

studied the distribution of certain types of Romano-British 

fine pottery in southern England, using a variety of mathe-

matical tools, including regression analysis, trend-surfac~ 

analysis, and gravity-model techniques. It was possible to 

characterize the distinctive marketing patterns of several 

wares, ta distinguish land and wa~er tran~port by the shal-

• 
lower gradient (fa11-off slope) of the latter, and ta examine 

g 

the competition between tWO-large production centres. A 

number of other, similar studies have been collected in a 

recent book edited by Peacock (1977). These make it clear 

that Romano-British pottery is weil-suited to such treatrnent, 

for several reasons: 1) its typology is well-established 

~d highly-ref~ned; 2) rnost of the p~oduction centreS are 
. "", 

" , 
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knowni 3) sites have been excavated and published.in suf-

ficient detail to allo~ quantitative studies; 4) the Romano-

British economy was regu1ar and important enough to have left 

a consistent and abundant pattern of evidence. 

In his introduction to Peacock's book, Renfrew discussed 

typical modes of exchange ip simpler societies, using modern 

ethnographie exarnples, where the housëhold producers of 

'" pottery pre part-time specialists. The five possible 

arrangements are (Renfrew 1977b, pp. 9-10): 

1. the consumer travels to the producer's home or 
workshop to obtain his pot; 

2. the producer himself carries his produce round to 
.the consumer, acting as an itinerant pedlar; 

3. produèer and consumer meet at sorne third place, 
.frequ~ntly a market, for exchange; 

4. the producer exchanges his pots with a middleman, 
who transports them to, and exchange{s] them 
wi th, the" consumers ;. or 

. 5. the producer takés his pottery to sorne central 
agency which assigns him his< goods in exchange. 

Here redistrib~tion is represented by 5 and 'cen-· 
tralized control distinguishes 5 trom 4. Gift exchange 
can operate under arrangements 1 ~ 3 (although not 
ngrmally at a market place), but in rnany societies pots 

# are not looked upon as valuables and are thus not 
suitable as prestigious gifts. 

Renfrew noted the paucity of studies aiming to'interpret . 

the archaeo1ogïcal evidence for exchange networks in early • 

. societies. He concluded tpat IIthe main thrust of research 

over the next few years is likely to be directed to the elu­

cidation ~f exchange mechanisms in complex SOCieti7ere 

1 
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literacy (or rather the survival of the written records) does 
< 

not already give ample evidence of trading mechanisrns" (l977b, 

p. l4't·-

.1.5 
, 

InternaI trade in Early Helladic Greece 

Of the .,four levels of trade listed in the pre;rious s,ection, 

,'internaI trade may be the forro involving the greatest bulk ~f 

goods. U?fortunately it ia aIse" t~e rnost difficult to docu­

ment archaeologically (Renfrew l~7), p. 464). Artifacts and 

raw materials traded over long distances are of teR strikingly 

distinctive'in their new cultural set~ing. Within a cultural 

region th~ very homogeneity of the artifacttypes inaicates 

close contacts arnong the settlements. Because of this, 

-

" , 

stylistic comparisons .must be quite subtle in order to sub­

divide a cultural area. For examp1e, the Early Hel1adic, 

Early Minoan, and Early Cy~iadic cultures are ,easy to ?is~ 

tinguish, thoug.h théy resemb1e each other c1ose1y enough for 

Wace and Blegen (1916-18, p. 180) -to have caLled them, "aLl. 

branches of one great parent stock which pursued parallel, 

. ~ . 

but lOOre or less independent, courses". 

.'. 

~ 
, . 

'It On t e Greek rqain1an..d, 

sorne differences in pottery styles can he seen between the 
1 ~.. ~ f 

Pe1oponnese, CentraJ.._ ~reece, and Atti~e in the Early He1ladïc. < ~ 

II and IlL periods. (Kunze 1934,; Weinberg 1937;. Fahy 1964 i 
:, ., . ~ 

. " 

Fossey 1974; see section 4.3.2)~ but'the exp1anation of these 

differences is no·t yet c1ear .. Within the Peloponnese, pottery 

at various sites can sometimes be distinguished by visual . 

o 

. " ... 
• J 
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characteristics of tlie, ce~amic fabric • Such criteria are only . , ~ 

'guides, ,however, and assignments of provenance should ideally 

be based on more objective tests. , 

The first technjcal provenance study of Early Helladic 

pottery sucèeeded in showing movement of pottery during the 
-' \ 

first phase of ~he Early Bronze Age (Attas 1975; Attas et al. 

197,7). Neutron activation,analysis was used to determine the 

concentrations of fifteen chemical elements in III sampl~s of 

pottery, clay~ and mud brick from the settlement at Lake 

'Vouliagméni, perakhora (Fossey 1969; 1973 i see section, 3.5.8) . 
- ,1 _ 

Three chemical groups_could be isolated. The largest contairtéd 

mostly Early Helladic II pottery; the secona consisted of 

Early Heiladic I,'Late Helladic, and Archaic sher~s, and the 
~ 

third was made up of Early Helladic l and II pieces. The 

largest' group, which included clay samples. and mud bricks, was 

assigned a local origine .' Pottery in the second group was deemed 

to be imported, since during the Late Helladic' and Archaic 

periods occupation at Lake vouliagm4ni was, very minor, and 

tJ:e Archaic pottery is fine, painted Corin.thian ware, ùnlikely 

to heve been made anywhere except at Corinth. In addition, a 

group of Late Helladic lIIB sherds from Mycenae, analyzed by 

perlman and Asaro (Karageorghis et al. 1972), ha?' a ,very 

similar average composition. 'The origines) of the second 

Vouliagm~ni group must lie somewhere'in the Korinthia, or ·at 

least in the North-East Peloponnese., (The third, smaller 

group could not be assigned a definite place of origin.) The 

- ---- ... ..;.-..----:,-- ...... -"/""- ~ - j 
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{nalysè~ sh6wed that during the first phase of the Early 
" > 

Bronz~ Age th~ Vouliagrnéni site received much of its fine 

pottery ~rom across the Gulf of K6rinthos, whereas during 

the second phase, vas~s were being produced locally and 

the traffic across the Gulf was much diminished. 

26 

Fi~ds at Lema, Ti'ryns, and zygc:niri~s in the North-East 

Peloponnese (Fig. 3-i) demonstrate contact of another sort. 

Sherds fro~ pithoi, 6r large storage jars, at each of these 

sites had been decorated with a raised band bearing the 

impress,ion :of, the _me rollèr (cylinder) seal, which 

portrayed.two'quadrupeds between linked spirals. In this 
c 

case, the bulk and weight of the pithoi argue against their 

transport from a single production centre. The finds have 

been interpreted as the work of an itinerant potter, going 

from village to village with his tools, producing storage 
4 

jars to order (Caskey 1959, p. 206). 

1.6 Aims of this work 

~ The two examples given abave, tagether with the gener~l 

homogeneity of Early Helladic culture, canstitute the main 

evidence for close contacts and exchanges qetween villages 

within a region. On the other hand, visual differences in , , 

the common qeramic fabrics at many sites indicate separate 

centres of production. The main aim ~f this st~dy is to 

determine the relative importance of local production and 
~ 

centralized distribution of pottery. The ",null hypothesis" 

.. ' ,. 

. ' 
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.' 
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is that there was no exchange: i.e., that every village 

fulfilled its own requiremènts. Another model would'have 

major centres producing for their own needs and for export, 
,0 

sorne minor centres producing only the simplest wares locally, 

and other minor ones importing the tot~lity of their ceramics. 
1 

Indeed, the manufacture of pottery might constitute one 

defining attribute (among Many) of a major centre, assuming 

the presence of a suitable clay; Alternatively, a nanor 

centre might have specialized in pottery production, partic-

ularly'if blessed with an especially good clay source. 

Pottery nas been èhosen as ~he product to study for 

several reasons (Renfrew 1977b) ~ Clay and, ceramic objects 
'\ 

were used in great'quantities, and although breakable, the 

fragments are_nearly indestructible. Clay sources are not 

difficult to find in Greece, though specifie types of pai~t 

or slip rnight require clay with particular properties, less 

easily obtainable. Ordina'ry pots would Ge simple ,to make, 

out morè elaborate or specialized ones would demand a certain 

degree of talent. The infinite variety of forms and techniques 

of decoration available te the pott~r makes it easy for styles 
1 

\ 

to change frequently, allowing the archaeologist in turn to 

construct refined typologies and assign '~elatively precise 

dates to pot fragmeQts. Finally, variations ~n the trace-

.element content of' clays t:om different geol,ogical formations 

allow ceramic products to -p~tributed reliably to their 
• 1 . 

points 'of origin by chemical analysis (see Chapter 2). ' 

" 
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Specifie questions to be answ~red in a. study of ceramic 

exchànge include the following:. nid inhabitants of 'di~ferent 

settlements excha?ge pottery? If so, th en how rnuch? How far? 

In which directions? By what exchange or other mechanism? 

c~ we demonstrate the dependence of sorne ,sites on others? 

Were certain" forms, fabrics, or styles more subject to trade 

than others? Were'some vases traded for their own sakes and 

ot,hers for their contents? Di~d these patterns of excha~ge 

vary with tirne? 

'for thé pottery? 

Can we say what product was traded'in exchange 

Zan we learn anything· about othe degree of 
\ 

craft specialization? 

o These are' big questions, and a prograrn designed to ~swer 

all of thern would be elaborate indeed. Considerations both 
~ 

technical and practical restricted the scope o.f this particular 

study in several ways. First of aIl, i,t is not a priori certain 

that a technique of chernical analysis will be capable of. 
l' 

distinguishing<the ~roductions of nearby villag~s. Natural 
) 

variations within the clay sources 'and imprecisions of the 
< , 

measurern~nts roay mask the differ~nce in meân composition 

between production centres. Therefore the first test of the 

applicability of provenance. dete~nation to a specifie region 

is the separation of suspected production centres based on 

chemical analysis of pottery or other material which on 

independent grounds has a high probability of being locally-

made. Separabili.ty of sites is 'more easily açhieved than 

attribution of individual samples to a specifie production 
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. centre. It ~y be that the ranges of ~omposition of several 

site~ overlap to sorne exten~, so that a sample whose compo-

sition falls within the overlap r~gion cannot be unambiguously 

attributed. In fact, aIl attributions are really judgements 

based on probabili ties (section 2.2). cl 

A preliminary té~·t,.of this sort was carried out o~even 
Early Helladic sites i;n'''the Argolid and Korinthia (Attas 1980). 

Based on analysis of ten sherds~from each site, it was possible 

to distinguish aIl but· one pair of the sites. However, at-

tributions -of single sherds to production centre/? was not 

possible-. . .w1 th the small nurnber of samples forming each group. 
J 

Other tech~~~al factors affecting the success of provenance-. 
analysis studies are discussed in section 2.3. 

Obviously, 'close archaeological controls are requÎred 

" to ensure that historically significant materials are being 

compared. This requires that chronological variability 

be kept to a minimum. Since the Early Helladic pe:x;iod 

occupied over a thousand years of Greek prehistory, sorne 

subdivisions of this span are essential. Both stratigraphic 

and typological criteria are crucial to the selection of , 

samples for analysis (see chapter 4). Detailed qataloguing 

and classification of the sherds also allows the possibility 

of correlation of the chemical groupings with stylistic 

ones, and may ultimately lead to the discovery of easily 

observable, characteristics distinctive of individ~al potters 
~ 

or workshops. 

. ' 
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A quantitative study of trade patterns must be based on 

acèurate determinations of the proportion of abjects at a 

given site which were imported. A prerequisite for doing 

this is that the excavation of the site be designed so that 

the ~bj~cts found are representative; in othér words, that a 
• -~ t., , • 

cohere~t"statistical sampling strategy be followed. In ad­

dition, the entire she~d inventory, or a statistically 

30 

representative selection from it, must remain in storage from 

the time·of excavation. Finally, the choice of samples for 

analysis should maintain this representativeness. 

Unfortunately, very few excavations in Greece were ever 

planned with representativeness in mind. From the older ones 

usually only the highest-quality material was kept. In sorne 

cases the material in museums was sUbsequently disrupted, 

mislabelled, or partially lost. These considerations make 

quantitative studies of ceramlc exchange practically impos-

sible. 

Finally, the time and expense involved in chemical 

analysis of the thousands of samples hecessary to determine 

accurately the relative quantities of pott~ry traded in 

different directions would be'prohibitive. This means that 

obly rough indications of the strength of contacts between 

villages can be given, and th~t the data are insufficiently 

precise for determining exchange mechanisms by studying 
o . 

fall-off plots of abundance against distance from source. 

Nevertheless, many of the above questions can still be 

1 

-.L . " 
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anSwered in a preliminary fash:j.~~ on, tne basis 9f 'the>' iimite~,~ 
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2. PROVENANCE DETERMINATION OF POTTERY BY CHEMICAL ANALYSIS 
, t 

2.1 Principle 

A simple principle lies behind the idea of using tech, 

nical analysis of artifacts to determine their origin. TWo # 

"> 

prerequisites must pe satisfied: that different sources of 

raw material can be distinguished by one or more measurable 

characteristics (most often the chemical composition), and 

that there be a consistent relationship between t~e composition 

of the raw materials and of the artifacts made >1 from them. (At-

tributlons of provenance based on technical characteristics 

ôf the method of manufacture will not be considered here.) 

The ease with which sources of ~aw material can be dis-
l , 

tinguished depends in turn on two factors: the number of such 

sources available to t~ artisan and the relative magnitudes 

of the compositional variations within a g1ven source and 

among several sources. For instance, obsidian, a volcanic , 

g~ass va1ued in prehjstoric times for its excellent chipping 
- -

'prop~rties, is v~ry well suited to studies of this kind 

(Taylor 1976). Sources-are few, well-defined, generally 

'" homogeneous, and easily distinguishable (for o an exception, 

see Bowman et al. 1973). Marble is anothér stone the 

characterization of which is of great interest, particularly 
, .. ,~ 
'f~i 

:Ln the Aegean règion. In this case, however, neither trace-

element concentratioas nor isotopie ratios are uniform wi~hin 
, ~ , 

source formations, and~eir ranges often overlap for widely 
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separated sources (Germann et ~l. 1980). Indeed, the study 

of Germann et al. showed petroqraphic exarnination of thin . 

sections, to be more useful than -chemical analysis. 

The second pierequisite cab be of greater or lesser 

importance depending on th~ substance under consideration. 

The chemical nature of some types of objects, namely those 

made of shell, bone, ivory, and stone (includillg obsidian, 

- flint" chert, marble; jade, steatite, chlorite, turquoise, 

and many others), is"not altered at alI .... during the', pr.oce'ss·· 

of manufacture. Cerandc materials undergo moderate changes 

in composition from the raw clay state to the fired product; 

the effect of tnese is discussed in detail ... in section 2.3. 

Finally, the nature of Most metals is such that only drastic 

t~ansfor.maiions can produce functional objects from mixtures 

of ores and other materials; hence provenance detérnù~ation 

is quite difficult to achieve by chemical means. (However 

isoto~e ratios,' e.g. for lead, may be useful invariant 
l 

properJties. ) Re-use of metal in ancIen t times by mel ting down 

old or broken objects is another complication. In genera~, 

one can say that although the principle of provenance' 

deternànation by chemical analysis is the sarne for aIl 

arc.haeological rnateri-als, the successful application of a 

specifie method ta a particular Subs~~~ce requires consid-

eration of a number of factors which are cjften unique to 

that substance. The remainde;r- of this chapter will con-

centrate on applications to cerandc materials. 

" 

'. ( .. 
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2. 2 DevelopmeIlt 'of researeh 

As is cammon in many scientific fields, ëidvances in 

instrumentation paralleled theoretical developments in the 

teèhnical deter.mination of provenance. Early atternpts to use 

technical methods in order to verify the place of manufacture 

of pottery relied on a very sroall number of samples and no 

control ma terial ('1. e., objects of defini te, known provenance) , 

and so produced results of limited use (Fouque 1869; Richards 

l89S). Petr.ographic .. study of ceramie fabrics in thin ~ection 

o prov~d effective for large-scale studies, even' without the . 
advantages of numerical data CShepard 1942). ~hem.ical analysis 

by rnulti-element instrumental methods began' to reveal its-~ 
capabilities in the 1ate 1950's (Young and Whitmore 1957; 

Richards 1959). Optical ernission spectrography was the 

,relatively rapid but not partic~lar1y precise technique used 

in several long-term projects, including a study of Mycenaean 

po~,ery (Cat~ing et al. 1961; Mi1lett and Catling 19671. The 

nin~ elements sodium, magnesium, a1uminum, calcium,- titanium, 
\ 

chroinium, manganese, iron,' and nickel were' found by catlin'gr~ 

team t9 he both simple to measure and useful for distinguishlng 

centres of production. These investigators màde some effort 

to select "typical" she'rds for the consti tut,ion of their 
. 

reference groups (control'materiall, but they have been 

cr1ticized for not beipg sufficiemtly flexible in the number 

and choice of elements measured (McArthur and McArthur 1974). 
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In its early stages, neutron activation analysis had 

little advantage over emission spectrography. Using a sodium­

iodide detector, Sayre and Dodson (1957) measured the intensity 

of the gamma radiâtion from activated sodium and manganese in 

Mediterranean pottery and terracottas. Lanthanum, scandium, 

and chromi um were soon added to the list of elements that 

could be determined (Emeleus 1958; Harbottle 1976, p. 36). 

The development of the solid-state germanium detector gave 

analysts a hi,gh-reso1ution tool wi th which to count gamma 

rays and determine their energy. Linked to an electronic 

system for pulse-height analysis, it was apPl~~o the 

study of ancient glass by Sayre (1965) and ancient pottery 

by Perlman and Asaro (1967).' Using two irradiations and 
1 

three periods of gamma-ray detection, Perlman and Asaro coul'd 

measure the concentrations of 33 e1ements in powdered (but 

chemical1y untÈeated) pottery. They stressed, as did 

Harbott1e (1970) 1 the' importance of determining as many elements' 

as possible, from a variety of chemica1 families and present 

in a variety of concentration ranges. These then are the 

main advantages of neutron ~ctivation analysis as a technique 

for the determination of provenance: e~tensive mu1ti-element 

capability, and sensitivit~ independent of the chemical 

properties of the elements (but dependent on their nucl~ar 

properties, wh~ch vary over many orders of magnitude, allowi~g 
. 

both trace elements and major components to be determined)., 

In addition, this method does not suffer from matrix effects. 

-----" ...... 
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Widemann (1980b) has argued that neutron activation is the 

most appropriate analytical technique for provenance deter--

mination of ceramics (see also section 5.1). 

qeveral other methods of analysLs are currently useq for 

determining the 'provenance of.anciènt pottery. x-ray vflUo­

rescence analysis is less sensitive but more rapi& than neutron 

activation (Picon et al. '1971; Birgül et al. 1979; Asaro 1980). 

Atomic absorption is quite précise but lacks the capacity for 

simultaneous rnulti-elememt analyses (Hughes et al;- 1976; 

Gritton and Magalousis 1978; Bomgardner 1981; Magalousis and 

Gritton" 198i). Proton-induced X-ray emission (PIXE), a new 

technique with much promise, is similar ~o neutron activation 

in that it requires access to sophisticated nuclear facilities, 

in this case a proton accele!ator (Carlsson and Akselsson 1981; 

Saleh et al. 1981; Rye and Duerden 1982). Even though it is 

relatively imprecise, ernission spectrography was used until19Bl 
G> 

o ." 

by the Fitch taboratory of the British School at Athens, which 

has a considerable body of reference data at its disposaI 

'(Mountjoy et al. 1978; Catling et al. 1980). ' , 

, The importance of high-precision measurement ~as stressed 
-~ 

by Bieber et al. (1976a). The total observed variance of a 

group of samples from one clay source, S~, can be expressed 
<? 

as the surn of the "natural" variations in the clay, . s~; the 

sarnpling variance reflecting inhornogeneity within a sherd, 
J -

s~; and the analytical precision, si, as follows (Bieber et al. 

1976a, p. 68): 

" 

• ____ .. __ ~t' .. . ' . . 
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Tb.e aim is to reduce analytical and samplirig uncertainties 

to a minimum, in order that the measured variance reflect 

primarily the unavoidable spread of concentràtion,s present in 

a single clay bed. 

The main focus of the paper .. by Bieber et cH. (1976a r was 
/ '" 

a demonstration of the utility of multivariate statistical 

methods for grouping samples of similar composition and for 

testing the similari ty of a given samplé to a g:çoup. Perlman ,1 

and Asaro (1969) had devised a simple scherne for d~ciding 

whether a given sample belonged to a reference group, ass~ing . 
, , 

that the measur~ chemical elements are nor.mally dis~ributed 

and that there are' no correlations among thern. They 're~l).zed 

that these assumptions sometirnes do not hold true, especially 

th~ second one, clearly false for the rare earths. (Perlman 

and ~saro limited the number of rare earths uSed for grouping 

~o ~ne or two.) Multivariate rnethods allow reproducible . 

groupings to be made objectively without necessarily making 

the above assumptions. (Some of the statistical tests ~equire~ 

normal, or log-normal, dis~ibutions.) A prerequisite ~or , 

treating sorneone'else'~ data by these methods is tnat the data 

be published in full, sample by sample, rather tGan as group 

ave~ages and dispersio?s. In addition, comparison of results 

from di,fferent programs of analysis obviously requires that 
. 

the results be published in the forro OI concentrations (rather 

than relative ac~ivities or peak héights), and that the nature 

, ; 

---
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of the standards qsed in determining these coneen tration'g' be 

stated. Bieber et al. (1976a) presented these desider~~. 
./ 

\ . 
with the expectation, now already being realized, that:~ny 

" 
- '" 

laborator.;ies would each, be analyzing hundreds of archaeol'ôgical 

samples from overlapping. geographical regions, and that ~.lI1ter­

comparisons and even common data banks would soon become,ia 

necessi ty (Harbottle 1976, p. 42). 

'l'wo recent reviews of pottery provenance determination 

usin~ ch~mdcal analysis, by Wilson {1978} and by Widernann 

.. , (1980a), may se-rve as guides to the current state of the art. 

Wilson' s is the IDOre pra?tic~l of the twoi' sorne of his points 
. 

are considered in detail in the next sectio.n. Widemann 

introduced two cQncepts of general app'li'cabili ty: the refer-

ence group (lIQ'roupe de référence) and the zone of non­

resolution C"espacê de non-résolution"). 

Ideally, analytical studies of provenance proceed by 

first determining the compositions of objects of knoWn prov-

enance, and then comparing these with the compositions of 

objects of unknown provenance (Schneider et al. 1979),. The .. 
selection of objects of the first kind, those which, wil,l form 

-the analytical r~ference groups, must be made wi-çh 'great ç:are. " 

The most straightforward approach is ta characterize every 
'"' 

known worksnop which produced the pottery of inter~st, by 

analyzing abundant; vase types from, the si te of the workshop 

itself. Often the excavation of a workshop will reveal· 

masses of 'spoiled pottery, clay storage areas, or vases in 

, . 

.. 

'. 
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direct assbciationwit~ kilns. These are most likely to have 

the composition characteristic of that particular worksh?p's 

~ production, and sa wou19 èonstitute the best reference groups; 

,-

Unfortuna,tely 1 excavated po,ttery workshops are not commQn for 

man,y regions ,and archaeological periods. For instance, none 

are known 'from Early Helladic Greece, although a few overfired 

"wasters" have be~n found at Lake vouliagmén.i (Fossey 1973) , 

testifying to pottery production there. In such cases less 

secure indicators must be' analyzed: objects present in great 

abundance, 
" whose s'ize 

abjects of extremely simple manufacture, and obj e.cts 

or fragility prohibits' their transport. It. is jalso 
f 

prudent to increase the number of samples analyzed, in o~der 

to compe~sate for the increased chances of assuming an in-

correct origin for some of the objects. 

The question of the number of analyses required to fa.rm 

a refeFence group is a general one with no fixed answer~ 

Wilson (1978, p. 227) suggested a pragmatic appr?ach based 

on initial analysis of fi~e to ten specimens of each of the 

selected'types and styles of pottery, with continued explo-
1 

ration of., ill-defined groups, and a fina~ total of not less 

, 'tharL fifty specimens per site.' Obviously, increasing the 

n~er of analyses will'always result in better character­

ization of' a production; at sorne point, though, diminishing 

. Jeturns of itlforma tion against expense ~ill set in. It might 

" be worth noting that sorne of the most sophisticated multi-

variFte treatrnen~s, such as sorne Mahalanobis-distance 
t 
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calcuIat.ions, require that the nuJTlber of items in a group 

exceed the number of elements determined for each satnpie. 

For reIiable resu1 ts, the,ir ratio should be at Ieast three 

to one (Harbott1e 1976, p. 58). This too can put a Iower 

li~t. on the nurnber of samples in a reference g,roup. 

Other approaches to fixing'the origin of reference 

groups 'were btiefly mentioned by Widetnann (l980a, p. 30'). 

40 

He ,noted tha t an anal,ytical group can. be forrneà whose origin 

is not precisely known, and then i t can be linked as a whole 

to a specifia place by comparison with other data, most 

~ommonly-with analyses of c1ays or ceramics of different 

periods (inc1uding modern) whose origin is known. This 

method is less direct, but can be just as re1iable (cornpar­

ison with Attic or Corinthian painted pottery, for example) • 

An early test of clay analysis gave confidenc'e ~ in i ts genera1 
- ~ - ~ - - - .-- -- -

use, for pottery provenance (Mi11~,tt and Ca tling 1967, p. 76). 

The other concept 'i,ntroduced by Widemann was the zone of 

n~n-resolution, defined as the space, b,oth as ar,ea and as 

dêpth of geological strata, which presents a uniform distri-

bution of compo~ition at the present leve1 of our technical 

abili ty lWidemann 1979, p. 51). This concept has actua11y 

,been with the field of an,aiytical provenance determination 

sinee i~s inception. From early in the long-term study of 
" 

Mycenaean pottery, Catling wàs -.troubled' by the fact that the 

analytical technique of optica1 emission spectrography was 
• 1 " 

incapable of disti:n,guishing pottery from many si tes in the 

l, 

, 

l ' 

.' -_ ... --- --, -----'~---:-
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" 
~ 

"-
peloponnese.·~ He wrote (i963, pp. 3-4), "Since' it is unthink-, ~. 

. able th'at a ;single site provided ttt.e whole of the Pelopopnese 

with it~ pottery in the Mycenaean period, it ,follows that the 

clays used by potters throughout the region are horoogeneous 
. . 

enough in composition to prevent them being distinguishable 

by the present method". The zone of non-resolution in this 

case, then, is the entire Peloponnese. This zone can be 

differ~nt for different analytical methods. The neutron 

activation work undertaken by Bieber 'et a!. (1976al waS aimed 

~t, and succ~edad in, subdividing the la~ge compositional 

group established with the 'less-preciae emission ,spectro-

" graphie ,data. Idea1ly, zones of non-resolution are prop-

erties of the landscape alone, but it i8 likely that 
, 

analytlcal limitations are still the major contributing 

factor. The JOOst precise analytical techniques, aI?-d~ th()~§! ___ . ___ ~ .. ~ 

which measure the 1argest number of characteristics (chemical, 

minéralogical, or other) clearly stand the greabest chance 

of 'reducing zones of non-resol'ution to their minimum size. 

2.3 Technical considerations 

In "this sectipn, several factors which might affect the 

results of provenance determipa.tfon of pottery by chemical 

analysis are. discussed in mor:~ detail. ' They fall into three 

categories: the potters' habi~s ~f clay'preparation, possible 
, , 

chemical alteration~ of the cer~ic between the states of' 

unfired pot and powdered sample, and considerations of r 

:'Q;J 
.}~-~--,--~.., --~--_ .... _~-_ ... ~-

.. u , 
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homogéneity. These are treated in turne 

Se~eral related points are periodically raised concern­

ing the processing of raw clay by patters in 'order to 'give 

it suitab1e working properties. Both primitive and in~us~ 

" trial modern potters arè known so~etimes to obtain c1ays from 

distant sources, to mix two or more clays from different 

sources, (e.g. Brooks et al. 1974, p. 52), to purify a clay 

by diluting it with water and ~hen passing it ·through sieves 

or all?win~ larger particles to settle out of suspension 
\ '" 

(elutriation), and te add temper (any granular non-plastic 

material: Shepard 1965, p. 24). AlI these steps will affect 

t?e chenûcal composition of the ceramic body to a greater 

or lesser extent. However they may have no effect at aIl 

on the overall study of ceramic exchange. For if the fun­

damental entity to be 'characterized is 'the output oi the .', 

po~tery workshop, that is, the manufactured ware itself 
• 0 

\ 

(~idemann 1980a), tnén these consideratlons become of 

secon~ary importance. As long as the group of patters is 

consistent in its'habits, each of their wares will be uniform 

.in composition and typical of the workshop. Varia t'ions in 

clay preparation may cause a spread in the range "Of el,è-
, . , 

mental conc~trations characteristic o~ the ware, but they 

do not invalidat~ theq::act:r±zation.: S~larlYI ~se ~f 

clays from a var~ety sources may result ~n. a mult~modal , . 
-distribution of concentrations, but this.distribution is a 

faithful representation of the"output'of the wOFkshop. 

: ' . ' 

, . 

'. 
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Ad.di tion of temper would have an analogous effect. The link 

between the composition of the rJ:iw clay and' of the fini shed p' 
ware may be weakened, but that between the ware found locally 

and the sarne ware exported to other si tes is maintained~ ". 
1 

There,~; several indications that ~ven t~\ link betwe~n 

clay and pot is not severely affec~ed by sorne of~ay , 

treatments. The pres~nce of" non"':clay mineraIs in l the clay 

matrix, in the forro of ,temper added by the' potter or of 
\ 

naturally-occurring rock grains, may have a predictable ef-

fect. Two extreme (but not ,rare} cases can be identified 
~ 

(Oli:h an~ Sayre 1979). One is that the inclusions may 

consist of crushed sedimentary rock (chert, mudstone, etc.) 
, 

readily available to th~ potters, rock wBose trace-element 

composition is, not very di'fferent from that of the local 
Cl 

clay. In that case the addition- of up-to, saY7 t~n percent 

by weight of this constituent would alter the overal~ trace-
) • J 

.element concentrations only minimally. This seems to have 
d ' 

been the case in the study of Mexican ceramics by Abascal-M. 

et al. (l974'~ p. 90). Farnsworth et al. (1977, p. 461) 
1 

calculated that 15% of hornfels or mudstone, used as temper 

in Corinthian pottery, would leave the composition of the 

pottery "so close to that of the fine ware that it could 
. 

clearly he recognized as Corinthian pottery". 

The other situation, actua11y quite common, is that thé 
, , 

inclusions consist of relatively pure sand (quartz) or of 

.crushed shell or limestone; that is, of materfal 'low rn trace 

,f}, 

-------",-- - ~----
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elements, whose maj,or components .may or may not be determined 

by the method of chernical analysis used. (The use of straw 

or grass as tempe'r is ,a simi1al;' possibility 1 though' usually 

these burn off during the firing and have no effect on the 

overal1 composition of the ceramic.}, In that case, the 

'incbusions wou1d act as a diluting component, 10wering the r, 

concêntr.ations oÎ aIl ~he trace e1ements by the same factor. 

When such a sltuation occurs 1 it is a slinple matter ta roecal­

culate the conçentrations tè compensate for the dilution, if 

the I?roportion of di1 uent can be determined. Even when the 

di1l;lent 0 is not measured directly, empirical...methods exist for 

tr;yi!ng a series of correction factors to see if one of them 

< gives a close match with a known composition pattern (Olin 

and Sayre 1971, p. 200; Brooks et al. 1974; Widemann 1979). 

-----Brooks et al. determined that the presence of up to '-25% sand 

temper in the palestinian pottery they were studying would 

have a "negligible effect on the relative concentration of 

elements in the ceramic pattern" (1974, p. 55). 

Of course, rock grai,ns of complex composition are also 

suitab1e candidates for use as tempering' materia1, and the 

effect of these on overall composition i6 not easily deter-
-' 

mined. For instance, the steatite-tempe:t;:ed sherds from 

Hajar Bin Humeid in South, Arabia, ana1yzed by Al Kita1 et al. 

(1969, p. 391), contained about thirty times as much chromium 

,as the other types found at the same site. Potters are known 

Jalso ta use "grog" 1 or crushed sherds fram previous1y-fired 
J ~ 

o 

'l 
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pots, as' a temper (Shepard 1965, p. 25). In genera1, then, 
4 

.it is cl~ar that the result-s- of anal.ys~s' of sherdS whose , ' 

inclusions are readily visible must be treàted with caution, 

but they may be as useful as those' of fine wares. 

The, purification of clay by a1lowing the heavier 

particJ,es to settle out of suspension has an effect oppositè , ; 

to that of addH:ion of temper. If the particles have ~ 

çomposition, simi1ar to that of the c]ay matrix, the overal1;> 

elemental concentrations in the purified clay will be l,ittle 

changed. " If they are relative1y pure particles, th~ir : 

remov:a1 will c~use most concentrations to rise. Fina11y, if 

• they are dffferent or varied in composition, th~y will have 

a comp1ex effect. A test using a clay 'trom Lake Vou1iagméni 

in Greece ~howed that most e1emental concentrations inc~eased 
• 1 

with increasing refinement of the clay (A~tas et al. 1977, 

p. ~7), corresponding to the sèeond of thèse 1 case's. However 

Birgül et al. (1979) found that analyzing ;fract,ions of a 

Turkish clay sàmple' which had been separat'ed into various 

ranges of: partic1e size did not show any obYioUS correlation 
. ,'", 'e . ' - \.. 

between particle size arid elemental concentrad.O}1s. 

A di'iferent set of phenomena is responsible for al terations 

to the chemical' composJ tion of a clay once i t has been mou1d~a 
"4 ':1 

in to the forro of a pot. The pot ter may decorate his pot by 

adding paint, slip, or. glaze to its surface, but these 
, . 

materia1s usua,lly do not penetrate very deeply into the clay. 
I~ 

Allbwing the pot to dry cornp1~tely is the final step before 

.. ' 

,,-
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firing. This will trivially increase the concentrations of 

the component elements (except hydrogen and oxygen) by 

lowering the overall weight Orthe pot. 

Non-trivial changes in b6mposition usually occur in the 
l ' 

firing process. The extent of volatilization of the components 

of a Clay depends on many factors: the firing temperature and 

duration, the kiln atmosphere, and the innnediate surroundings 

in the clay of the species concerned. The last factor 

includes both the physical an~ chemical (bonding)' ènvironment. 
~ ----....,. ) 

_In general, a, long, high-temperature firing i,n a well-, 

ventilated kiln will favour the disappearance of Ioosely-

bound species 1 especially from porous or thin-walIeq pots. - , 

Compounds usually releàs.ad during firing include the bound 

water 10st by the clay Iflttice itself and carbon dioxide t/' 

arising from the decomposition of (chiefly calcium) carbqnate, 

a,s weIl as both of thes!= as gases produced by the combustion of 
! 

of organic matter (Shepard 1965, pp. 19-22). Certain other 

elements are supposed ta volatilize as .well, thaugh the 

mechanisms' are not clear. 'A study J)y Franklin and Hancock ~. 
Ci'.' " 

(1979) ,showed chlo~i~e and probably brpmine to be among these, 
, . 

t:.nough apparently not arsenic or antimony, two elements whose 

broad di~tribut.ions in pottery had pre'(iously been attributed 

1:0' their volatility (references not given by Franklin and 

Hancock) • 

Alterations of the chemical composition of pots during 

use are - few. Absorption of organic materials can take place 1 
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some of which (especially fats and resins) can leave traces . 
A 

over millennia (Condamin e~ al. 1976; Condamin·and Formenti 

1978; Rottlander and Schlichtherle 1979). Penetration and 

leaching of soluble inorganic compounds during the "li:Èe" of , 

a pot are probably negligible compared to t~è exchanges with 

groundwater whi1e buried. 

the alteration of the chemica1 composition of pottery 

whi.1e buried is of serious concern to' r,searchers in the 
,1 

" 
field of ~rovenance studies, as it is. an ef~ect dependent 

;1 ~ 
~ 

not on the workshop producing the pots! but on their fi~a1 

resting place. Many researchers have noted variations in one 

e1ement or another, but few have done extensive research. 

Obvi9us1y the 'degree of leaching ?r deposition will depend 

on sail conditions as weIl as on qualities of the ceramic. 

Elements susceptible to these p~ocesses inclade sorne alka1i 
o 

metals (Sayre et al. 1971; Asaro et al. 1975; Fi11ières 1~7a), 
-, 

~articularly sodium {Bieber et al. 1976b); the alkalin~ earths 

barium and calcium, (Freeth 1967; prag et al. 1974; Gautier 

1975; Bieber et al. 1976b); rnanganese and iron (Freeth 1967); 

and in one case even uraI;lium (Asaro et al. 1975). A study 

now in progress promises to provide som~ more conclusive 

results (Franklin and Hancock 1981; Ajdaèic' and Franklin, 

personal communication 1981). In th~ meanwhile, prudence is 
J 

suggested in using these elements as ulti~~ criteria for 
, , 

assignments 'of provenance" though they might still be useful 

in aIl but .extreme conditions' (é. g., verY (acid soi1 or poorly-
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fired pottery). Sea water has a partic~larly drastic effect 

on Group l and Il me taIs""'" ;i,n pottery, r~ising the concentrations , . 
of magnesium and ~odium (and fluorine), and lowering those of 

( , 
potassium, rubidium, cesium, and oariurn (Lemoine et al. 1981). 

The same study aiso found that overfired calcareaus pottery 

"buried underground is more susceptible than ather ceramic 

pastes ta al teration ~of alkali-metai concentrations. 

Final1y, the archaeologi'st and ana1yst thernsel ves can 

be responsible fo'r addi tional 'changes ta a p'otsherd r s compo-

si tion,. Altl10ugh washing excava ted pott,ery in water is 

unlikely ta change its composition mu~h, c1eaning with hydro­

chloric or nitric acid might see!Yl more drastic in i ts effèct. 
, , 

Recent .tests under controlled conditions by the GrO'upe 
\ 

d'Archéologie Nucléaire d'Orsay-Saclay, ho~ev~r, sho~ed no 

significant changes to the concentrations of otherwise-. , , 
reliable eleÎnents (Fontes et al. 1981, p. 105, note Il). 

The sampling process, tao can introduce sorne contamination. 

As this is acrtually a genera1 problem in trace analysis, 

discus§.,ion of means of eliminating or at least cont-ro11ing 

contamination is reserved for chapter 5. 

The third category of technical cons'iderations concerns 

thôse of hornogeneity. The cerallÙ:c fabric of a pqt is clearly 

not a homogeneous materiai. Th~refore a large ~9h sample q, 
must be taken ta be representative of the average ceramic 
"'1 .--
cofnp~si tian. The sample ,may be taken from several parts of 

'the vase, though there is no evidence af, d~fferences in the 

o 

, . 
• 
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concentration of elements from one part to another. In fact, 
1 

'1 

variatio~s within a pot would be subsumed in the variations 
, 

trom pot to pot of an analytical group. Most researchers 

extract 100 to 200 milligrams of powder, which is mixed 
'. 

before a portion is used for analysis (Wilson 1978). A 

theoretical approach using the size and statfstical fre­

quency of inclusions to calculate the ~nirnum,sample s±ze 

required to achieve a specified degree of reproducibility 

has been proposed by Bromund et al. (1976). ·The quantity 

predicted by their formula falls below 200 mg for most cases 

encountered in this study. This theoretical resul~ ïs·sup-

~orted by the experimental work of Hancock (1982), who found 

that "for éil~ but the crudest coarse wares... aIl élements 

which san be measur~d relatively precisely can be analyzed 

quite reliably using either 100 mg 0I: at most 300 mg samples". 

Overall homogeneity of a pottery workshop's output is 
\"" . , 

another aspect which has receiveâ sorne attention. This wili 
( 

depend; of course, on the habits of the potters, the homo-

geneityof the loca~ élay bed(s).and temper'sources, and 

the speed at which the potters use up the bed(s). Taking a 

di'r~ct approach, Widema~ et al. (1979) found "t-hat the 

contents of a single firing of a Roman kiln were ,extremely 

homogeneous, but that the overall producti~n of the workshop 

was less 50, and probably relied on several clay sources. 

Birgül et al. (1977; 1979) have been exploring variatio~s 

w!thin the clfY beds .themselves. Although th~ir 1977 study 

( .. 
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, 
showed sorne beds to be rémarkably homog~neous, the later 

study revealed broader spreads of trace elements in-othe~r~~ 

clay beds. 

An opportuni ty recently arase "ta test the variations 
", 

in trace-element copcentrations of a pottery workshop func­

.:tioning over several centuries (Attfls et al.' 1982). This 

work, dealing with pottery from Sparta painted in the 

Lakonian 'style, indicated that these variati~ns were quite 

small, and furthermore that tbéy were continuous and even 

monotonie Cincreasing or decreasing with timé) . for sorne , . 

,elements. This is reassuring to researchers working with 

prehistoric pottery' where da t~s, ~y be precise .on,ly to the 

nea~est century or two. It also allows analyses 'of pottecy 

,of different periods to qe used as comparative data on a 

regional scale or perhaps even a finer one. 
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. ' 
3. THE' REGION UNDER STUDY: ARGOLIS ~D KORINTHIA 

3.1 Justification 
• < , 

Thé north-east Pelopon'nese was chos-en "for this study of .. . 
1 

intra-regionaî trade for severa1 ~easons. First of aIl, it 

is a natural geographical' unit '.(Fig. l-i);. Althoùg.h linked 
-

to other parts of Greece by. lana and,sea, this· area is also 

in many senses self~contained. 

The second reasop for choosing this region is that it has 
. 

been extremely well-studied by archaeologists for over a 

century. As the home of the Mycenaean civi1ization" it has 

r~ceived consb'ant attention in the fo~ both of field surveys 

'and of ~xcavations. These naturally revea1ed traces of Early 
y 

He11adic settlement, and severa1, e~cavations have been carried 
" . 

out to gain more information ,specifically about that periode , . 
Fina11y, the north-east peloponnese,se~ms to have been 

an importànt area of Early He11adic culture. That this is not 

an i~lusion, due solely to ,more concentrated archaeological 

work in that area, is ~ndicàted by the resul ts o'f recent 
, . 

surveys of less-.studied .. parts of Greece,. the work of Hope 

Simpson and Dickinson (1~79) peing the most extensive. Ear1y 

He11adic sett1ement was found to be sparser in the rest of the 
1 

P'e10ponnese, an~ less. d;iversifi'ed (Hope Simpson an,d Dickinson 

1979, p. 372). Of coure, other parts of Greece, particularly 

Attike and.~oiotia, can e1aim,equal prominence as core areas 

of Ear1y Hel1adic culture. As well-excavated finds from sites 
At 
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in those regions are rarer and more difficult of access, 

however, their analysis is left for the future. 

3. '2 Topography 

The north-east Peloponnese today comprises the two 

~rovinces ("nomoi l') Argolis (or the Argolid) and Korinthia. 

Each of these consists of a' relatively large coastal plain, 

several upland valleys,' and extensive .mountainous areas 

(Fig. 3-i). A range of ,low hills forms the east-west 
" 

watershed separating the two provinces. To the west, their 

border is the series of peaks, from north to south named 

.Kyllfni, Ol{ghyrtos, Trakhy, Lyrke{on, ArtemÎsion, Kten{as, 

pa&énio~, and finally the P~rnon range jutting into the 
, ' 
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Mirt6an Sea. The main passes, to either side of the Parthlnion" 
, , 

lead'to Tr{polis in Arkadia and thence to Lakonia. On the 

three other s,ides, the limits are thè sea: ,the Argolic gul.f.to 

the south, the Saronic gulf to the east, and the Korinthian 

guif to the nor~h. Jutting into the Gulf of K6rinthos from 
, 

the ~ast is the perakh6ra peninsula. Although geographically 

part of central Greeee, it is usually considered'as part of q , , 

the Korinthia because it is from K6rinthos t~at it i~ mbst 

easily reached,"by sea or via the isthmus of K6rinthos; 
1 

which j oins the Peloponnese to central Greeee. 

The narrow plain along the north coast of the Peloponnese 

broadens near Kiàton, and from there east to KJrinthos it is 

several kilometres wide (Fig. 3-i). Near aneient Corinth it 
Q 1 ~, 

'. 
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FIGURE 3-i: The central portions of Argolis and Korinth~a, 

- " 

.' 

~howing the sites from which pottery was 

sampled. 

• ancient si te 

o modern town 
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" , 

consists of a series of terraces. Many t9rrents have cut 

ravines from the mountains north into the gulf. From west to 

east, the major ones are the Asop6s (yalley of Phlious and 

Sikyon), the zap~tis (valley of Nemea~, the Longopttamos 

(valley of K1eonai), apd the Lefk6il. or Xerias (valley of' 
1 S010EOS). Because of these, communications (except a10ng 

/ , 
the coast) are easier in the north-south direction than in 

the east-west one. Today the nâin town is K6rinthos, located' 

to the north-east of the ancient town of Corinth .. 

The Argive plain is roughly triangular in shape, with 

i ts base ât the Argo1ic gu1f 'and reaching northwardp t,o 
l ' Dhervenakia at the border with the Korinthia. Both the east 

and west sides of the plain are indented by tOrrents, but ,the 
> 

, . " 
main river is the" Inakhos 1 running down the centre, To the 

east of the plain is a barren plateau rising. to the Arakhna{on 

mountains. Farther south the mouritains are more broken, 
1 forming a tQpographically' complex peninsu1a known as the Akt~. 

It inc1udes sorne sma1l plains, especia11y near its souéhern 

d d h "Il f ~dh" kh Il" . / " en t aroun t e V1 ages 0 Kran1 1, Porto e 1, Erm10n1, 

Fo&rni, and Dh{dhymp. Most of ,the moder~ population ~s con-, 
1 l ' 

centrated at Argos and Navplion, towns near the south-west 

and south-east corners of 'the Argive plain respectively. 

3.3 Geology and geomorphblogy 

The Aegean region is an a~a of complex g~ology which 

has recently received much attention. A framework for its 

~ 

. , 



l 
1 , 

'1 
1 

,. 

" 

( ) 

f, 
" , 

, , 
55 

study was 'S7t out by Aub.c;>uin et, al~. (1963), and ,summàrized ' 
, " 

?y'Fürst et al. (1965) and by Bintli~f (1977), constituting 

" the main sources forjthis brief descriI?tion,., 

: Most of the bedroek in ,Greece iS, limestone'. It" was 

formed during' the Mesozoic era by the accumulation~of sediments 

on the undulating ocean floor. The undulations, oriented,' 

north-north-west to south-south-east, eomprised alternating 

~ones of furrows, made up of deep-sea (pelagie) sediments, 

and ridges, made' up of reef-like ,(neritic) 'sediments. The 

uplifting of these sediments proceeded gradually from east to 

west'. Weathering debris from recent:,ly exposed portions would 

siump down, usually westwards, to form deposits C'flysch") 

over the neighbouring portions which were still submerged. 
,\ ", 

In plac~s, the }..imestone, massif itself would slide westwar~~ 

to cover the neighbouring zone partially or eompletely. 

During and atter this Alpine drogenic (mountain-building) 
, " 

phase, subsidenees of many areas forme'd b~sins and gulfs, 

usually aligned in the same general NNW~SSE direction. , \ 

Examples 'of these. are the Argolic guif and the' system formed 

, by ~he,MegalQPolis, Sparta, and Helos plains and the Lakonian 

gulf. These basins cO'llected sediments from erosion of the 

,surrounding,mou~tains and insome cases from marine and fake 

deposits formed during periods of high sea level. 
, ' 

Other, processes were not related to the overall trend. 

The creation o~ the east-west 'gulf of K&rinthos is one of 

these. Formed during a period of depression and depositiqn 

-----~---_ .. -
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, , 

it subsequen~ly rose several hundred 
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metres, t~e~ebyoshrinking the water-covered portion 

considerably. A general southwards tilt, evident in many 

parts of the Peloponnese, is another independent phenomenon. 

The geology of the north-east Peloponnese" can he 

interp~eted'with the preceding scheme in mind (Bintliff 

1977, p. 271h' 
R 

Originally the four zones that concern us 
~, , 

were arranged, from west to Eiast in the following order: the 

Tripolitsa-Gavrovo ridge, the Olonos-Pindos furrow, t~e 

Parnassos-Trapezona ridge, and the,Sub-Pelagonian furrow 

• (see Fig. 3-ii). However, during the Tertiary era, the 

OlonQs-Pindos furrow was thrust westward so tha"t i t 
, 

partially covered the Tripolitsa-Gavrovo massif, forming the 

'. ~ hills west of Argos. The Arkadian mountains belong ta the 
, , 

Tripolitsa-Gavrovo ridge,. Westward shifts of the Trapezona 

and, Sùb-Pelagonian massifs caused them to ,overlaQ partially 

the Tripolitsa-Gavrovo and Olonos-Pindos ranges. Because 

of this, the hills to the east of ~he Argive plain belong 

to the Sub-Pelagonian series. Interspersed'with these 

lime~tone Iayers is flysch, found in many pockets in the 
~ 

Argolid. The Argive plain itself was created by a sub­

sequent subsidence, as was the guif of'K6rinthos. The 
c..... '.) 

,extensive deposits of marI in the Korintru.a were laid down 

during this phase of subsidence, in the Pliocene periode 

The perakhora peninsula belongs to the Sub-Pelagonian 
(> 

massif. 

, ____ r __ 



.' . 

57 

() 

! . , 

" l 
1 

41 
1 

, < , 
i 
i 

1 '. 

l 
" FIGURE 3-ii: Geo1ogica1 map of Greece '(detai1" after 

Norton 1965). 
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More recent even~ have aiso aitered the landscape. 

Particularly relevant to ancient settlement are the c~cles 
rt 

of alluviation and of sea-~evei change. The formation in 

recent·, times of valleys and coastal plains in the Medi ter-
\ 0 

ranean basin has bee~ studied by Vita-Finzi (1969), who 

58 

discerned two phases 'of alluvi~tion: these have been ter.med 

Oider (or Pleistoc'ene) Fill and Younger (or Historicall Fill). 

The Older Fill consistâ of thick depqsits of ill-sor~ed 
- " 

reddish sediments with a relatfvely steep gradient, indi~ 

cating that they were laid down during a short (in geologi-. 

cal termsl climatic phase of heavy, precipitation. The 

~0unger Fill, a brownish silt interspersed wibh gravels, is 

a less massive -~Jluvium laid down by existing streams using 

material eroded f~m the Older Fill. Bintliff (1977, en. 2) 

has summarized t~e-fesearch done on these formations over 

the last decade, and added his own conclusions on soil 

fertility. 

It appears that the 8deposition of the Older Fill ended 

~efore '(and perhaps weIl before) the Neolithic period in 

. Greece. The Younger Fill, on the other hand, can bel! dàted 

independen~ly in many areas by fiUds of archaeological 

,material in contexte In most of these areas it was laid 

down, perhaps in several phases, over a period of centuries 
> , 

between Late Roman and Medieval times. Although th~ origin 

of this deposit is under debate (Wagstaff 1981) 1 its 

implication is clear: the ancient landscape was not the one 

-, 
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, 
we observe today. The anci~nt land surface can nevertheless 

, 
be approximated by dete,rmin~ng the position of the upper 

surface of the Older Fill ~ In general, valleys and plains 

would have been steeper then·than they are today. The 

Pleistocene alluvium is only moderately fertile, whereas the 
t 

Historical Fill is extremely so. Although the sediliient of 

the Younger Fill is finer, and perhaps better suited to 

the manufacture of pottery than the aIder Fill, it would 

not have been available to ancient'potters. 
/ There is not yet agreement on a theory to explain sea 

level çhanges in the ~egean area. Bintliff (1977) argued 

against Flemming's (1972) contention that there has been no 
• 

,overall rise in sea level over tpe past few thousand years, 

and that aIl changes were due to local tectonic phenomena. 

Bintliff presented instead much evidence for an overall 
• 

rise, at leàst in the Aege,an, at a rate of about one metie 

per thousand years. Whichever theory fits the evidence 

better, there ls no question that the sea has encroached 

on nany Greek coasts. Sites that suffered sea-level rises 

of one or several metres include Halieis, ASine, Tiryns, 

N6a K{OS/:d ,Lema, aU in the Argolid, and Kenchreai an,d. 

Lake voJxtâ~ni in the Korinthia (Bint1iff 1977, pp. 13-26). 

The paleogeographie settings of several coastal sites 

have heen,o. more directly studied by ~raft et al. t1977), who 

examined drill cores to determine subsurface stratigraphy. 

Their results too indicate a relative rise in sea level 

" ", 
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àround the Peloponnese. Tiryns in particu1ar was mueh 

closer to the sea in Early Hel1adie times, and was perhaps 
. ' , 

even a port. In general it i5 clear that the surroundings 

of eaeh sett1ement in' the past may not have be'en ~s the y 

are today, so that archa~ologists ~ould exereise caution in 

relating anc~ent sites ta their settings. 
1 

3.4 Criteria for site selection 
~ . 

Many areha~ologists have eondueted extensive topographie 

researeh in the north-east Pe1oponnese. Two reeent works of 

general usetu1ness are those of Sakellariou and Farak1as 

(1972) and WiséInan (1978), both coneerned with\the Korinthia. 

Recent studies of prehistor~e settlement in Greeee inelude 

those of Bintliff (1977) and Hope Si~pson and Dickinson 

(1979)., In the latter work are listed 61 sites in the . 
Argolid and Korinthia where Early Helladic pottery has been 

found. These range from mere scatters of surface sherds tq , 

extensive ~ortified villages such as Lerna. Their distri-

, bution (Hope Simpson'and Dickinson 1979, Map l, from which 
. ....,. 
'" 

Fig. 1-i is taken) shows a concentration a10ng the edges of 

. the Argive and K9rinthian plains. Other sites lie a10ng the. 

coast (often on hi1ltops) or in upland valleys. 

Ineluding in this study every known Early Helladie 

site would obviously have' been impraetical. The quali~y of 

the information that ean be extracted fram the analysis of 
\. 

pottery samples depends first of aIl on the nature of the 

, 
J' 
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sites at which they were found. The more we know about the 

ancient occupation of a site, the better we cari '1lJterpret 
,. 

the results of pottery analysis. Usual+y excavation of a 

sit!e yields much more al;>undant information than examination 

of surface remains alonè. Therefore only excavated sites 

61 

were chosen as sources 0f material for analysis. Collections 

of surface material have not.been considered in this study, , . 
even though they mar- SOlD~time: include Object~ o~ partiçular 

interest. 

.. 
" 

Although it would have been interesting to inciude 
-~r 

si tes spanning a range of types from isolated fàrmsteads . A 

thrqugh hamlets, villages, and large regional centres, in 

most cases only larger sites have been excavated. (They 

are also easier to discover.) AlI the sites, in this ~tudy 

were probab1y at least villages in Early Helladic times. 

Several other criteria can be applied to select the 

best sites for a study of regional trade. The'thoroughness 

of an excavation is an important factor. So is the thorough-

ness of i~s ~tion. The clarity of the stratigraphy 

also helps where available. The disposition of finds in a 

museum ~ èrucial as weIl. Finally, permission of the 

excavator and of the G~eek Archaeologîcal-Service to take 

samples are absolute prerequisi tes. 

Unfortunately, there are,no sites which satisfy aIl 

these criteria. .Older excavations were often more extensive 

than recent ones 1 but publication of the findings was not 

" 
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" 

.' 'usually as detailed. As well, the finds, if kept at aIl, 

may have been disturbed in museum storeroorns. On the other 

hand, bany of the most recent excavations, c~nducted with 

the skill and precision demanded of modern-day archaeolo­

gists, have not 'yet reached the publication stage. For sorne 

of t~em, a definitive interpretation of the stratigraphie 

sequence may stil,t be pending. 

With these factors in mind, a distribution of sites 

was sought which would encompass the varied geography of, 

the Argolid and Kor~nthia (Fig. 3-i)'. Thus Tiryns was 

chosen to represent' the Argive pla~n, Asine lies in a 

separate little plain to the east, and Lerna on the edge of 

o~e to the west. On the north side of the watershed di~!ding 

"4e two' plfOvinces, Zygouriés stands at the he ad of the 

Kleonai valley. Phlious is situated in the valley of the 

Asop6s river, farther te the west. Representing the 

Korinthian plain itself are the two sites Kerarnidhàki and 

KorAkou. 
~ 

principal 

Some 

Finally Lake Vouliagm~ni may be one of the 

Early Helladic villages of the Perakh6ra peninsula. 
J 

effort was made to choose sites in separate ~alleys 
., 
.~, or plains, with the thought that each hydro~raphic system, 

vith its'own secondary clay deposit(s), might have a 

distinct pattern of ele~ental concentrations, reflecting 

,the immediately surrounding geology. That the i·nverse 

situation hai~s true, namely that clays along a 'single, , 

lar~~iver are remarkably similar, i5 ~upported by analyses 

\, 
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of clays andipottexy fram the Nile (Perlman and Asaro 1969,­
\ 

Pi 35; Tobia and Sayre 1974, p. 104) and pottery from the 

" Mississippi valley (Carole Stinmell, personal communication 

k 1980)., TWo potentially useful sites in other river valleys 

w~re not included in this study, because the Early Helladic 

pottery from their 'excav,ation could not be located. These 
c 

are Berb.{ti (SafI und 1.965) in the plc;lin of the same na.me 

behind ~i.e., to the east of) Mycenae, and Nemea (Tsounglza 

ridge: Blegen 1921, pp. 436-437; Harland 19~8) in the 
1 

Zapantis river valley/which runs between the two containing l 
PhI " d . l, " Il \ .' f th' 10US an Zygour1es. F1n~ y" extenS10QS 0 e area 

covered could be made in several directions. The mo'st 
" è 

natural of these appear t'o be the Aktf to the south-east 
, 

(Southern Argolid Survey Project: see', e. g., Bint1iff 1977 r 

pp. 183-209)' and Arkadia to the south-west (Ayiory{tika: 

Heffner 1928, pp. 533-534; Blegen 1930-~1, p. 55; AS~: 
~ 

1 HOllDbez1J 1944). Perhaps the occasion will soon arise to 

sample material fram these sites as weIl. 

The following sections provide brief descriptions of sites 

fram which ceramic mqterial was sampled, including their posi-

" tion, excavation history, disposition of finds, and publ\ipation. 

3.5 Brief site descriptions 

3.5.1 Asine 

This coastal settlement and akropolis lies about eight 
" < • kilometres to the east of Navplion," on the sarne bayas' the 

.1 
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_____ 0\ \ 



i (, 

\ ,~ 

! 
\ 

~ J 
i 

[ 
\ , 

{ 'f 

modern village of To16n (Fig. ~-i). Large-scale Swedish , , 
, 

excavations of the akropo1is, a rocky headland known as 

K~strâki, took place in the 1920's, revealing extensive 

habitation th:;-ough the Bronze Age and the, Geometric period, 
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followed by renewed settlement in Hel1enistic and Roman times 
~ , 

(Frëdin and Persson 1938). Al though the excava tors fe1t that 

the Early He11adic oc~ation was continuous, Caskey (1960, 
, , 

(> 

p. 301) re-interpreted the f~nds'as indicating a violent 

destruct!pn at the end of Early Hell,adic II. Most of these 

finds were lost during the Second Wor1d War. What remains 

ïs dividec1 between the Nâvplion .. museum and its stor~s, known 

as the Lion~rdho. 

Swedish excavations were resumed on a smaller sca1e in 
è l " ~ 

~970 in sev~ra1 areas around the Kastràki (t. and R. Hagg 

1973; 1978; i980; Wells 1976; oietz 198'0). Scatters of 
c 

Ear1y He1ladic sherds were' col1ected in deposits of later 

1 date on the south s10pe of the hill known as Barbouna, 

facing the akropolis (Foss~y 1978). ~they'-were found oùt 

of context, their identification was based on criteria of ' 
\ 

shape, fabric, and surface treatment [Fossey 1978, p. >14; 

see aiso chapter 4). 'This material is stored in the 
., 

Lionardho, organized by excavation lot number. 

3.5.2 Tiryns 

An important fortified palace and settlement 'Iih 

Mycenaean times, Tiryns appears to have had continuous 

s 
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Bronze Age occupation. Situated about three kilometres 

.' nor~h of N~vpl-ion, the low rocky hillock has been under 

investigation by Ger.man archaeologists since Schliemann's 

excavations in 1876.' Early Heliadic remains are extensive 
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in aIl three parts of the site: the Oberburg or Upper Citadel, 
.J 

the Unterburg or Lower Citadel, and the Unterstadt or area 

immediately surrounding the citadel (Müller 1938; Jantzen 

1975) • Most recemtly, excavations of the Unterburg have 

uncovered broad expanses of Early Helladic levels (Kil).an-~ 
\ 

et al. 19BI} showing apparently a continuous development from 

EH II to EH III, in contrast to the s~ tuation at Lema (see 

below). AlI the finds from the latest excavations, as weIl 

as many frorn ear1ier ones, were kept in the storerooms and 

museum at N~vp1ion until autumn 1981. 

3.5.3 Lema 

Lema is another coastal site, ~is time on the western 
" ~ 

shore of the G~lf of Argos, about t.en ki,lometres south of 
~ 

Argos. Although excavat~d during the 1950's by-an Arnerican 
'C' 

tea:m, study of the abundant material is only now reaching 

completion (~anks 1967; Gejvall 1969 i Angel 1971; ASeS 1977). 

The spectacular Early Helladic finds, both structures and 
, \ - ), 

artifacts, have contributed much ta,o;ur knowledge of that 

periode The implication!>" of the strati'graphy at Lerna, 

namely that a violent destruction and a change· in cultural 

-assemblage separated the EH II and EH III phase~there~ 1ed 

'\ 

!. 
" 
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to a-re-appraisal of the Early Helladic sequence at othe~ 

sites in the.rlorth-east Peloponnese (Caskey 1960'). Feature 

. ' 
!iherds and aIl' other_artifacts are stored (by deposit) or 

/ ' 

are on display in the Archa'eological Museum at Argos. 
q 

3.5.4 ./ Zygourl.es 

66 

The remains of this prehistoric village lie near the 

modern village of Ayios Vas{lios, at the south end of the 

valley of Kleonai. Excavations were undertaken by the 

American School of Classica1 Studies in 1921 an<7 1922' (Blegen 
\ 

1928) . Major structures, in most cases dwellings, were un-

covered belonging to the Early and Late Helladac periods. 

The Early Helladic ~inds showed good stratification, allowing 

Blegen to define the subdivisions EH I-, EH II, and EH III 

(Blegen 1928, p. 217). Apparently aIl the sherds except 

"the coarser and less significant fragments Il (Blegen 1928, 

p. 75) have been stored in the Old Museu~ at ancient Corinth, 

still arranged by leve'l. 

3.5.5 Phiious 
1 

Near i ts southern end, the ASOpdS valley broadens ·to 

form a~plain, indented on the east side by a long ridge. 

Early'aelladic sherds are the Most abundant prehistoric 

remains both on and be l,?w" this ridge, in sorne areas wi th 

Neolithi'c sherds as weIl (Biers 1969). One season of 

American trial excavations, in 1924, was never properly 

, ' 
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/ 

published (Blegen 1925), but the finds·were stored·in the 
.... 

Old'Museum at 'ancient Corinth. They were studied more / 
~ . \. 
recently by Biers (1969), who catalogued and published a 

selection of diagnostic pottery from the deposits, aIl of .. . 
which had been thorough1y mixed both ~rior to and following, 

excavation. AlI the.sherds definitely attributed to the Early 

Hel1adic period belong to the EH II phase, resembling most 

closely contemporary pottery from zygouries, though slightly 

inferior technically (Biers 1969, p. 453). The catalogued 
1 

she,rds are now stored in' the New Museum at ancient Corinth.·' 

" 

During American excava'tions of the Gymnasium Area at 
'" 

Cor in th, the layer immediately above bedrock was found often 

to contain quantities of mixed ~arly Helladic material 

" 

(Wiseman 1967a, pp.,25-27; 1967b, p. 410). This materia1 has been 

studied by Cherry (1973), who attributed it to'a re,latively 
.~ 

short span or"habitation within EH II (1973, p. 123). Other 

areas at ancient Corinth show traces ofl occupation throughout 

Ear1y Helladic l and II (Weinberg 1937, p. 521; La"'ezzi 1979). 

AlI inventoried pottery from ancient Cor~nth is stored in the' 
" 

N~w Museum, and the rest in other storerooms nearby. 

3.5.7 Korâkou' 

-'The hill known as Kor~kou (or Korako~; Fossey, personal ., 
communication 1981)-lies on the south shore of the gulf of 

, J 
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K6rin,thos about two kilometres west of the' modern city of 

K6rinthos. It was the first prehistorié settlement exca-

vated by Blegen in ,the Korinthia (Blegen 1921), showing ., 

almost continuous occupation in the Bronze Age. Although 

the site was well-stratified! what._pottery is stored in the 

, ". " Old Museum at ancient Corinth has been gr9uped by period 
i 
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rather than by layer. Therefore categor~zation of the Early 
o ". 

Helladic pottery must be made on the basis of style. 

3.5.8 Lake Vouliagméni 

Extensive scatters of sherds along the strip of land 

separa ting Lake Vouliagmé'ni, 0';; the south side of the 

perakh6ra peninsula, from the Gulf of K6rinthos to its south, 
• \l 

~ 

mark the position of this Early Helladic settlement. Exca-

vations under the auspices of the British'School at Athens 
, 

in 1965 and in 1972 revealed, in / two areas, separated by l ' 

about 100 metres, EH l and EH II occupation respectively, as , 
wei! as small guantities~of lat~r materiai (Fossey 1969; 1973). 

Unti1 1981 most of the finds were stored in thé 01d School­

house of the modern village of perakh6ra pending full 
l: 

publication of the 1972 excavations. The disastrous earth-

quake of March, 1981 led to: their buria'l under the ruins of 

the schoolhousei the sma11 finds and' the ~ew near-complete 

vases were temporarily transferred to the archaeo1ogical 

museum at Isthnùa (Fossey, personal communication 1981). 

/ 
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, 4. THE MATERIAL:· EARLY HELL1WIC POTTERY 

4.1 Introduction 

This chapter deals with a 'succession of topics, all 

related to pottery. First is presented the gevelopment by 
" ~-

archaeologists of the three chronological subdivisions of the 

Early Helladic period (based on pottery), followed by brief 

discussions of terminology a~d absolute chr.onology. -Then 

." diachronie and regional varia'dons within the mddle; princi-
l 

pal, phase of the Early Helladic period, aga in based on 

ceramics, are enumerated. Sorne of these are important to the 

study of exchange, as they may enable production groups ana 

spheres of influ,ence to be discerned on the basis of typology 

rather than ,chemical analysis. - Finally, the catalogue of 

objects sampled is preceded 

used in selecting tnem from 

and by an exposition of the 

by an- explanation of the criteria 

large bodies of excavated mate~ial,~Ç\) 
terms actually employed ,in dei ~-) -, 

scribing thern . It should be stressed that no or~ginal, con-

tribution to Early Helladic cerarnic typology hàs been ~dei 

rather, published schernes have been assembled to facilitate 
,1 

the description an~ classification of the sampled abjects. 

4.2 Chronological subdivisions of Early Helladic pottery 

Severai varieties of pre-Mycenaean remains of the Greek 

mainland were recognized in the last century, but were not 

set i'n clear chronological sequence until the First World War 1 



1 

! -
1 

• 

70 

with the wOJ;k of A.J .B. Wace and C.W. sIegen (1916-18): It 
1 

was they who, at, the suggestion of Sir Arthur Evans (Caskey 

1978, p. 489 note 3), first used the term "He11adic" to 

designate the main1and Bronze Age 1 and subdi vided i t into 

three periods: Ear1y, Middle, and Late, the last being 

synonymous with the Mycenaean periode 

The classifica~ion of Wace and Blegen arganized pottery 

types into groups,'some already known, others newly recognized. 

Ta the Early Helladic, or EH, period belonged the ware known 

as Urfirnis from its glossy coat of p~int or slip. The suc-

ceeding Middle He11adic period was characterized by the 
" 

production of a whee1-made, smooth1y finished, s'i1very-grey 

,pottery known as, Minyan (of which varieties in o,t!her colours 

were aiso known l, and a hand-made, less -smooth ware decorated 

with linear and curvilinear designs, cqlled Mattpainted. The 

fine slipped and painted pottery of the Late HelIadi.c period 

was already weIl known. 

Urfirnis was only one of severai wares assigned ta the 

Ear1y Helladic period, however. In fact, five groups were 

discerned, each wi th specifie forms 1 fabrics, and surface 

treatments. Group l contained (a) polished and (b) slipped-, . 

and-po1ished monochrome wareSi Group II, vases (a) partia11y 

or (b) wholly "glazed" * (i. e., Urfirnis ware proper); Group II:j:, 
":.!:> 

"" *The term "giaze" was used bY,BIegen (and athers) to describe a 
lustrous or glossy slip, actually not a true glaze but a sus-
pension of fine clay particles applied wi th a brush or by 
dipping (Shepard 1965, p. 67). "Lustrous slip" is used in H)e 
present work to denote that particular finish .. 

\ -' 

\ 
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pa'tterned ~aÎe (i. e., wa,r~ deéoratetl wi th Iines of paint), 
r 

either (a) dark~on-ltght (i.e., dark paint on a li9ht b;ck-
, (' 

ground) or (b) ligh:ti011-qark,; ~oup IV, plain ware;' ~nd 
,;. 

Group, V, large storage j'ars known as pithoi, sométimes' 

S~~Pp~d and often deco,rated withlr~ised 'belts of qxopelike 

de$ign. AlI these wares were made by hand rather tha~ on.a 

p~erl s wh,eel. Groups. l, II, and III, stood 'chronologièally 

in that order, ~ou9h with ~uch ove+lap. Group I(a), recog-
r' " . 
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nized only in 'the form of large open bowls,' s'eemed p~rt~èu;tarly, 

l'(b) , II,(a), an~ 'II~~ were' 
f '~ , 

,early~ Shapes common to Groups 
, ' 
,,j17g~, qeep and shallow bowls., jars, ~skoi (~9otba~~.-shaped , 
ciosed vases), and .. aB9Ve aIl sauceboats, open shapes of " 

uncertain purpose with a loop handle near the rim, opppsite .. ',' 

a characteristic troughlikè splayed spout (Fig. 4-i). A few 

,s~~boats' and askoi were decorated with simple 'designs in 

, dark paint, but much more conunon in Groups III (a)' and (b) 

were jars, ,two-handled, t~karqs and mugs.' 

, . B~egen used:these di vi~ions in' his' publication, of th~ 
~ , , , - ( , , . 

1 - < " ' 

pott,ery from Korakou (19,21), su~stituting the .l.etters A-E 
, < 

, for ,his Groups I-V' and l, II' for (a), Cb). More significant 

,than this ,',change of notat~on was ~is provisî5m~1 subdivision 

, , of the Ear1y Hell,adic ,perièd ,i,.tse1f-into three chronological 
. 

stages, )abelled 'EH 'r; EH II,, and EH III, "wlthout laying 
.., \ • < ~: , / 

" , 

too much stress ~n ,The 
"'" <' < < • 

distinction!' (Blegen 192-1 ( p. 14). 
J 

~ , 'I..tI'-
.Poli~hed ~a~e:, ,of group A was tn>i,cal ,of the ~arliest stage,", 

• J 

',1 

thoûgh lustrous slipped wate was beginning to a~pear. ~his 

, , 

,,' 

" 

" ' 

!, 
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FIGURE 04-i: Forma of, -Eàrly Helladic PQttery (not t,o 'saaie) l ' 

a) ,'EH II s,auceboats' (4 oowlS" fram " types) and . ' 

" Lerna (Cas-kèy 1960, p. 291) 
... 

'b) ,~H II and, III fo~ .~~~ Lerna and, nearby 
t 

( , ';~; - --~~--~ ~ 
1 ~ ~J'11 , 

F4-g~ . , sites (Hansc~nn and Milojéié 1:976" 30 ~ " .. 
thei.r caption, pp. 123-124~. gives, r~,feren,ces . ' 

. ' 

, 1 

to the original il1u$trations) 
., 

,EH II fonus 

sa uceboa ta: 

smal1 bowls: 
askoi: ' 

jars:. 

p!thoi: 

frying pans: 

j 1:198: 

7 (type 1), 23 (II), 24 (III), 27 (IV) 1 89 (IV) 

5, 6', 12,' ÛJ, 28, 29, 30, ,83," 84; 9'0, 91 

l', 25,' 26, 80 ' 
, ' . 

16., 17.,' 85,.86, 87 

77 ~ 78 

3, 4' 

8, 15, 18, 21, 
. 

spoon or ladle: ..,. 

pyx~dès 

EH III forms 

22 " ' 

,2 
, , 9~ 

.. 

ouzo c1:1Ps: 32( 44, 196" 

. two~handled cups 
(depades): ' ,33, '108 

tëlnkards' , 
(dark.:.on~lightr: 49, 98,',101 

t anka rd 
, (l.i.ght-on-da'rkl: 53' 

., 

88 

, , 

~ 

. , . 

. ~ 

Jars:, 34,'37,38; 46, 47,50 

, 'deep two-handled 
bdwl: ' " ' .40 

" high-hanciled 
bowls: 

jùgs: 

35 i ,41 

511.' lOS' 
..... ' , 

, , ' 

'; ~I 

, , 

r , 

1 • ~ • 

,l,.,,,, ·f .. 
'~-' -'-, --:-', .-~~",-, .--: .. "-':----.,.--,.,..;.....------

, ,f 

" . 

'. , 

l ' 

. " 

, , . 
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EH. l -forme 

bowls: 

- jars: . 

spOons: 
, " 

EH II' forma 

sauceboats: 

smai1 bowls: 

askos: 

j.ug: 

~yx:i,s: 

bakirig pans: 

EH III forma' 

,tankard " , 
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~,) EH I, :II r, and III forllll:l fram Eùtres.is, 

(Hanschmann and M~lojëié 1976, Fi'g. 25'; 

their caption, pp.' 119-i20, 'gives references 
, 

to t'he original illustrations') 

1, 2, 6~ .7, 8, 9, 14, 15/ 16 

. 3,' 4, 5 1 12,' 13 

10" 11 

32, 33 . 
; 

18, 19,' 20, 21, 22" 23,' 24, 

21 
28 

30 

29 
" 

31 

" 
, \ 

.' 

, (lig~t-on,-dar~): 35 

ja'r~~ ,31; 40 - " ' 

., jugs:" -' . 3'6, ,38' ' 

pi,thos :' , '< ,42 ~ , .- ' 
1 J' r 

\ ' 
, , 

d,) l1lOdes of deco'r~ tian qOlmoon on EH, pottery 
, ' 

., < 

• 1 
... ~' 

, " 

, " 

.. ' 
t : 

.. ~ ," 

, ' -Q- • ~ 
' .. JI 

) . " 

- " 

, , ; , 

, " 

, ' . 
, " 

" li 

~ 

" .... 

, , 

l, 
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Gr~up B Tustrous ,slippec:;t' ware charaeterized the second stage, '" 
'" ... l~ " 

of lo;nger duration than the first.Fina'lly during EH ,Ill 

although lustro~s ,slipped ware was still predominant, 
-lI 

d ware of ,Group C was also found~ Unpainted ware, 

pD, and domestic. po~s and pithoi, Group E, occur.t:ed ,in .. , ~ 
stages of the Early Hellaâ~c periode 

This same pottery classification was used by Blegen in 

:the pub+ication of his excavation' at ZygO"urie's (l92!3),: . He 
.... 

was then also ali>le tq distinguish a sub-category 'of slipp,ed-
'" 

and-polished' wàr~, fine, hard and thin~walled, which -he narned, 
, -
'1 ' 

yellow mottle9- ware and dated s-lightly later than the rest of 

Group AIl (Blegen 1928, p. 80). Al,though the terms Early' 

Helladic l, II, and III were not employed -in the deséription - " . ' 

of the pottery itself, 'their validity as chronological sub-. ~ ~ . 

. diviSion~~or the 'Ko~iP~ia was c~i~d. Plain polish~d 

, wares ~d sorne lustrous' 'sliWed 'war'è Qi excellent quali: ty 
, '. 

'chà'racterized EH 'l,' good-quality lust'rous ,s1ipped potte,r1 " 
. (not 'qu=!-t~ as brilliant as in EH 1) and ',the fine slipped':' 

and-polished wares predomin,ated in EH II, and 'deg~nera'bion -

in slip, quality ending in a thin brownish-b1ack wash, oft~ 
, " 

only partially coating a pot, was typical of EH III. .. 
terned·wares ,occurred only in the last two phases. 

1 

Pat-

• ., 

,.1 , 

That these chron~logica1 subdivisions were applicable 

~o the stratigraphie record in Boiotia' as weIl was shoWn by 
the excayations of Hetty Goldmarl at E~tr~sis 'f,rèm' 19~4 to 

t , '\. 

1927 (Go1dman 1931). 
" , In her 'publicàtion the/terzru:; ,EH" l ,. 

" -, 

, , 

, , 

, , , 

, 1> 

. .. 

'h, -.-~- ~-~~~,,--~-,'":\~-,~~~~'#', 
• • ,~ • 1 
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" 

1., 
l"~ 

~·~-·1~ 



, 1 
, 1 
,1 

'1 

i 

j' 

J 

.. 
() 

" '15 
" ~ 

'\ 

1 , 1 
Il, 1 

~ EH II, ~d, EH III'were us~~ in reference to the pottery, ' and 
LI\ , ..... 

in. fact the pottery served t~n' part ta determine the sub-, 
. .. 

divisioI;lS, especia11y the distinction between' EH II and', EH III. 

~Go1dman 1931; p. lIS}. On~ interesting contrilM--With the 
, . 

Korinthia in EH' IiI was the ~i;~orii1nance at Eutresis of th~ 
" l ') 

light-on--dark version of the paéterhed ware, named Ay:Ia Mar{ria 
):' ~. 

, Il . 
w:-re after the site, in netr~~ Phqkis where sa l'nuch had earlier 

been found (Sotiriadis 19.1~)~· 
. 

, . . Publication in, th~ 1930 'a of the Early He11adie pottery 
.-

.. fram 'the Germa~, e'xeavations at orkho~enos (K'unze' Î934), also 

ion Boiotia, and at Ti,ryns (Müller 193'8) in· the Argolid 

inçreased the corpus of material;. ~vai1àb1'e ,for stuqy, but 

the stratifi'eation at tne~7 sites was comp~~~' and mueh 

di'sturbed. by 1ater constructions. SW'éaish excavations at 
... ~~~i.-:::'~ 1 

Asme east of -,Tiryns (Frodin and Persson 193B~ and at Asea 
, , ... ~ ~ 

in Ar~adia (Ho1mberg 1944), again w'ithoùt much suocess at , 
, " 

, , 

fine stra,tigraphie distinctions, extended the 'distribu,!:ion 
• • 1 -
'. ' . 

of E.ar1y Hel1adic si tes ta .the sou:tn and confirmed the pre':' 
, ~' • '1 

dondnance' in the pe1opo~rièse of the'dark-on~light variety of , . , 

~roup c. , . , ' 
, ' . 

• • 
,Blegen (1951) and Wàce ·(l953~4i :eêicJ'l 'published sho~t 

summaries of-the state of pr~historie st~dies ~n 'Grèeee 
~ -

aft~r the Second:l worid' War. 
. ~ , 

Both of them cautioned, against 
, ' 

\ • 4 - , 0I, J 

cas~al use of ~he terms' EH I, II, and. III for ~omparisons 
, f: <> ~~ j 

betwe~n 'sit~sl streastng t,hat they were originally b~ed o,n, . 

strati'graphie considerations at Kor~ou, subsequently 
,-

-' 

• , . 
. _ ., \ r. , 

" 

'. 

l, 

, , 

" 

• l , 

, , 
" 

~-7"'-"""""--""---"""'~----""~ '" . ~". ~ . 
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confirmed at ,Zygourié's and Goniâ' (Blegen I9jO-'31), but that 
'\' . ' 

in ,difféFent~ parts ~o'f Greeee three layers of. Early Bronze 
• :........ \ ~~ 1 • 4 ... • 

,.~~ ,o9c~1>ft~6n 'would not Irecess'ari~y correspond chronoiog-
1 i( , , .. »J, -

ica11y ,witI{ th~ subdivisions estq.b1ished in the Korinthia. 
;' " 

tl' ' 

Bl~gen wept on '1fo propose ·,the. careful excavation of severai 
l' ' " 'J, 

. (major pre~:i:storf~ sites in different parts of Greece in an 
, \ 

l , 

"attêmpt :1:0 /'clear 'up such problemS. of contemporq,neity and of 

regionai and temporal yariation in the Early Helladic 
, '1 

',; '.: period. (~d' l~ter ~nes as weIl). 

, ln fa'ct,. in '1952 -t;he American School of C1ass.:i-cal 
" 

Studies at Athens l began exèav~ting, under the direction.of 

J:L. Caskey, at the site of Lerna, nea1:,' Myloi south 'of 
L ,'..J'"' 

. Argos. 'The ab,und~nce' of Early and Middle H~llaëiic finds'I 
, -

,wnose stratification c.oUld be 'accurately recorded, enab-led 
, , 

subdivisions t~ be rnuch more precisely defined and PQttery 

st yI es to be corrèlat~d wi th building and deE!truction 
, 

:phase's, both 'at Lerna and e1sewhere. 
~ 

Although, the final 
- . 

publiéation~ have not yet appeqred, detailed prel,iminary . ' 

reports in Hesperiç. during th~ 19~q 1 s, followed .by ~ s:u~~ 

,article on the Early Helladic sequence (Caskey 196Q)- ~ave 

~abled èther archaeologists to refine ~heir chronology,', -
) 

beginni~g a new stage in the study of thi s period. . 
, ~. ) 

~erna revealed two Neoli thic periods of occup~tion, 
, " ' ' ~. '\..", '\ ' 

terined LeX?a l and- II, before' the' -'Eqrly Bronze Age '~~wns 
..... 

of 

Lerna III and IV. As none of Wace and Bleg~~'s Class, AIl 

o red ~lipped-and-burnished ware preceded the'~uifirn~s ware 

76 

• l .~ 
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of LemaIII.Ca~~ey concluded that the s~~e was unoccupied' 
, . ~ 

during the E~ I~pe~iQd (Cas~ey, 1960, p. 288). To the EH ~~ 

period, however, belonged a long suc~ession of architectural 

phas~s, including two large buildings, House BG al1d i1;5 suc-
, 

cessor the House of 'the Tiles, described aboNe (sect*oi{ 1. 2) • 
'. 

1 

fui. imposing defence wall, wi th gates and towers, was unearthed .~_ 
c 

'south of these structl,lres.- Th~ House of the Tiles W'as 
" , 

~es~royed by fire, marking the end ,of Lerna ~IIi its ruins, 
" '\ 

were piled ointo a loW; mound ,surrounded by a ring of stones, 

and building on i t was' avoided (Caskey 1956, p., 165). The 
, .' 

, . 

subsequent settl,emant differed radical'ly in bç:t;.h arehi teetllre' 
- " 

and ceramie remains.~ lema IV was a ra ther impov~rislied 
" J 

villag~, o,wi'tf:1 smaller" 1ess well-bui lt houses, no' fortifi-

,c_ations, and pottE7ry of, C~ass CI, a lig~t,-coloured ware' 
q , 

dècorated wi th dark-painted ,linear patterns 1_ c(;:mrmonest on 
-

t~o-handled tanka~ds and goblets., Other .fabrics incl~ded 

'Smear Ware', with a sloppily-slipped surface used mostly, fo;, 

jars, and a v:ar:iety of ,tW?'"':hand~ed ~OWl~ .~rey I?lipped 

clay, so~ whe:lmade, ind*sting~ishable ,in fabric from the 

Grey Minyan of 'Middle aelladic. The transition to Lerna , ' 

li -l 

period V, "a characteristic Middle Helladic 'town" (Caskey 
, \ A '" 

, 0 

1'60, p. 286), was in contrast ~eaCoefu1, marked by the 

"appearance of,Mattpainted and "Argive" (i.e., black) Minyan 

pottery, and by the proliferatio~ of ,th'e custom of intr~- , 

mural hurial (Caskey 1973, p. 99). The crisp sequence of 

'p~ases a110wed Caskey to correlate the subdivisions of 

! 
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- , 
Early He~ladic occ.u'pation at Lema wi tli those at Eutresis 

(verified by supplementary excavations there in 1958: J.L. and 

E.G. Caskey 19.60), and to re-interpret or otherwise clarify 

, corresponding' levels at other sites'. Dark-on-light 'painted 

'wares of Lerna III and Lerna IV'were distinguished and shown 

to derive from separate artistic traditions (Caskey 1960, ,-

p. 295; Donovan 1991). Then Early Hel1adic III could be 

'most precisely def\ned based on the pottery of Lema I~. 

Armed with these ~ore subtle ceramic distinctions and c1ea~er 
- 1 

definiti?ns, Cas~ey was able to assign the violent destructions 

at Tiryns, Asine, zygouriés~and Ayios KOS.m,{s' (in Attike) to 

the end of the second EH phase rather than to the end'of the 

third (Caskey 1960, p. 301). 
. / 

A bit farther nort'h, Korakou 

and Eutresis werè burned after EH III. (The sequences at 

Asea and Orchomenos were less clear.) Thus it appeared that 

if ever prehistoric 9reece had suffered a violent population'_ ' 

infusion, then it had tàken place at the end of, the Early . 

H.elladic II period (Caskey 19 71 ~ p~ 786). The fol1owing phase' 

appeared at many sitès to have such close connections to the 

Middle Helladic period~that sorne prefer to re-name EH III the 

'Protominyan' phase of the 'Minyan culture ,0. (Ho~eil 1973, p. ~4), 
, 

or even Middle Helladic l (H. and M. van Effenterre 1975). , ' 

The 1ast phase of the Early Bronze Age has continued te 

" receive rnuch attention from archaeologists, in the form of 

excavations, studies of ma terial, 'and attempts at historical 

synthesis. Evidence fram two excavations carriea out qn 
.. 

, ' 

. \ 

, , . 

> • 
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'. 1 l' 
islands during the 1960'5, at Lefkang1 on Euboia (Evyia) and 

'1 1. ,/ hl' . d h h \""y'\ at 'Ay,l.a Irln1 on Kea, as comp lcate t e sc eme set out SJ 

Caskey based on the Lerna sequence. At both these' sites, 
. , 

the pottery from a late phase of the EarLy Bronze Age d~ffers 

f'rom the Lerna· IV material L, .. ,J",Gr instance in the raritY
j 
of 

pattern-painting, whereas it has sorne close resemblances to 

Anatolian'pottery in shapes and surface finishes (Popharn and 

Sackett 1968, P', 8i Caskey 1972~ pp. '370-375). 

Together' with the final-phase~ potteOry from Kastr{ on 

Syros (Bossert 1967) 1 and material from Mânika on Euboia and 

Mt. KYnthos on Delos, the Lefkand{ and Ay{a Ir{ni dep'osits , 

indicate a widespread influx of new ceramic features, most 

c9nvenien'tly surnrriarized by Rutter- (1979). Using the teim 

IfLefkandi I" for this assemblage, Rutter (1979, p. 6) showed'''' 

• that it was, for the moment, confined to Euboia and the 

ç!YCladic islands of Ké'a, Syros ~ Siphnos, De~os and Naxos, 
l , 

, ' 
1 

'and,was contemporary with the later,stages of Early, Helladic II. 
, -'( 

Rutter has examined the inventoried vases from Lerna' IV in 

the light of this newly-defined assemblage. He observed that 

oniy the smaller open vase shapes show sharp differences'at \ 

Lerna between the EH II and EH III phases. Specifically, the 

sauceboat, small bowl, ,and beaked jug of Lerna III are 'not 

found in the succeeding phase, whereas several new forms 
'\' 

appear: tankard, two-hand1ed bowl, one-handled cup, ouzo cup, 
l , 

and round':'mouthed jug (Rutter 1979, pp. 9-10), This new 

assemblage resembles most él~sely the second phase o~ oc-

L 

J 

-' 
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cubation at Lefkand{ 1 ILefkand{ II, and so 'must be later than 

the "Le;fkandi l'' cerame phase. Rutter postulated that "Early 

Helladic 0111 pottery was the re;:;ult of a fusion of the two 

ceramic tradi tion,s of- Ear1y Hel1adic II and pi. the 'r'Lefkandi l''· 

assemblage. 

To avoid ~e prob1emS of nomenclature arising from this 

and other possible ch'rono10gica1 comp1e--xîtIes lsuch as con-
, " 

temporaneity of EH II and EH III at different sites), Renfrew l' 

(1972, pp. 53-55) propos~d est9-blishing a distinction between 

chronological phases '(Ear1y Bronze 1, 2 , and 3) and cul,tural 

group! .<I!:~!~_esis, Kori'kou and Tiryns ~ulturesl_. ,1'he one-to-

one correspondence between the two sets of names would then 

be something that needed' demonstration, rather than being an 

assumption. The ,position of the "Lefkan~i l Il assemblage could 

be established vis-a-vis these other cultural and chronological 

designations. 

Objections to this system came fast. McNeal' s article 

(1975) supporting Renfrew' s system was answered by Caskey _____ 

,(1978), who felt that forcing scholars and students to 1earn 
17 

a new system would confuse them even more than the imper-

fections of the old· one, imperfections of which they were 

, a1ready weIl aware. The debate between Coleman (1979aj 1979b) 
t" • 

~d Renfrew (1979) about Early Cycladic terminology, in the 

,collection' of papers on Cyc:ladic prehistory edited by Davis 
, • 1\- -:;r 

and Cherry (1979), illustrates the,counterproductiveness of 

such terminologica1 debate. Cole~n argued that ~a11ing each 

1 
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\ 
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Early Cycladic ,phase a "culture" was unwarranted based on 

evidence that th~y a,re closely rela1::,ed wi th e1ements of strong 

continuity between material assemblages. Renfrew, on the other 

hand, reaffir.med that 'one must start ~ith the archaeologica1 

data to define pe~iods or phases, rather than trying to. fit 

the evidence to a preconceived chronological scheme. 
, 

As ~s probably eviêIent by now, th~'" present work will 

stick to the established nontenc.lature. Within the limited 

geographica1 area being consider&d, it would seern unlikely 

that any great chronclogical dispari t+es existe Nevertheless, 

very recent finds at Tiryns (Kilian et al. 1981)\ indicate 
. 

that perhaps Lema IV did net follow immediate1y upon Lerna III~ 

but that 'there was a period during ~hich Lerna was unoccupied. 

D~ring this,period at Tiryns, early forms oÏ pottery charac­

- teristic of EH III would 'have 'coexisted wi t1;l sauceboats a~d 

bowls'characteristic'pf EH II. This e~idence fits in with 
l " Q , . 

that now emerging from the cy~lad~s~ where the Early' --o 

Cycladic III phase ca~ be seen to have two parts (Barber and 

MacGillivray 1980):' an\early· phase (EC IlIA) ,with strong 

.AQatolian influence in the pottery (essentially Rutter's 

"Lefkandi l assemblage"), f6+lo~ed by a phas~ ,(EC JIB1 wnere 

pottery "styles h~ve m~r~ in co~n with those o~ ~ "Middle ." 

Bronze"- Age in the Cyclades and on the Greek Mainland. Ruttèr , 

(1979, p. 10), would s~e Lema IV as, contemporary with the 

later part 'of EarlY'Cyéladic III. Does this roean that we 
, 0 

snould label the trans~tional\...phase at Tiryns "EH, IlIA" and 
" 
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, , .c:all Lerna !V "EH IIIS"?" :r.t is to,o early to t.èll. 
, 

The absolute chrbnology' of the ,Aegean Early Bronze 
: . " , , 

r not yet .kn,owll aCCllrate;I.Yi' though much progress. has' been 
.. \ ' ~ 

~ge is 

made 

in' recent years in ~econcilinq traditional synchronisms with 
~ " 

radiocarbon dates. ~pe conventional meth~d of, listing imports 
~... ~ __ ,=-"", ___ r' 

and.citing para11els serves weIl to show over1ap among the 
, , 

second Early Bronze Age phases of ~he Cycladlc, Minoan and 

Helladic' sequencès, as weIl as to rel~te the Minoan 'sequence 
J, 1 

ta Egyptian calenda'< dates. (Warren i980). Radïocarbon dàtes~ ~. 

from Eutresis and Lema (J:L. Caskey and E.G. Caskey 1960, .. 
p. 164 note 28; Kohler and Ralph 1961, p. 365; Ralph 'and 

. 
Stuckenrath 1962, pp. 149-150), and à series fram' Lake 

~ 

vouli~gméni (as yet not fully publishe~; see Fishman and Lawn 

[197-8]; Linick l 1979 J); offer ind'ep!2ndent evidence in suppor'f" 
1 • 

of t~e following' approxiinate ~heme, based on the calibr"a "élon 
l '. ~ ! 

of Clar,k 0;.975): Early .. He~ladici l o~cupied:. the latt.er part of 
. . 

the fourth mi11ennium Be; Barly Hellaâi~ II ended, at'Lerna qt 

least, between 2400 and 2300 BC; and Early Helladic III at' 
, ' . 

Lerna ended somewhat ear1ier than 2000 BC, perhaps by 2100 
" . 

, (Tab1~ 1-I)" A full discussion of the' abso1ute chronology of, -. 
( ./-

the Aegean Bronze Age i~·to app~ar· soon (Warren and Hankey 1~?2) • 

. , 
'4.3 variation within EArly He11adic II eptte~ \ ,f" 

\., '1. -".. \ , 

: 4 .3. 1 Diachronie variations, 
"" - .. t .., ~ 

. Clea,rly 'Early Helladic II wa.s a longl p~riod, during which 

there ~ês ,eon~iderab1e' <?ontinuity in the types af""vases used.', 
,-;. 

", 

" . ., 
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Nevertheless in hal~ a millennium some development or varia-
: .l .. 

tion is to be expected,' and indeed ~~ appears most,clearly 

in the qualLty of the lus trous slip of Group. B (Urfirnis) 
.., ",<fil' 

pottè,ry. At Lerna, as w~ll as 'at ,other wel.,l-stratïfied sites 

,(Caskey 1960, p. 289) ~ wares witl1' thick slips, red and 
, , '/ -' , . : , -

lu~t~o~y"at .first, b.lack later' :(Ofte~ mott~e~~ ~ were typical, 

of the ~irst ,part of Perio4, III, '(EH .~I) • In later ph~s~s 1 

appeared vases slipped more thinly, less lustrbu~ly, and less 
; , "\ 

carefully; paitially.-slipped and U?si~ipped wares béc~me" more < 

contrndn .. The fin~, ~lipped-and-poli's'héd ,war~ becflIIle :r.àre~' 

towards the ve'ry ,en,d 'of that periode SherQs with"' iricised, 
lit . . 

~r impressed decoràtlon seem tb come,only from the ~arlier . ' 

are,.' of ,course, 
\ 

EH II levels. They a featu're' of deposits 

of the preceding EH l period at other sites. ... 

. SOme vari,'ation . the shàpe of pO,t~ is al,so evident. Ln 

T,he sauc~boat has been particularly wéll studied ,far typo~/' 
_ ~ -~ ~ ~ t 

, . l~gical subdivisions wh{ch ~y ~'co;related With'chronol~gy 
/' 

or distribution. Fahy elaborated the four~6ld, division of 
1 

Cask~y (1960, p~ 291) in he~,study of variQus asp~cts.of that 
o 

vase ~ype, .listing earlie~ work as we~l (Fahy 1964~ p. 23 ' 

note 1,).. At Lez::na, :r'Y-pe l is early, Type. Pl ,is, ,late, and the' 

ether two type!? bot?- xun, .threugh the central part of period rII1 

(F~'g. 4-;"i),; Shallow saucers 'terided tQ replace the 'sli.ghtly 

larger incurvin~-rim bow1s' as' per:lod III progressed. (Caskey 

19,60, p. ~90). No doubt: varia tiens such as ·these will be. 

, much.more cl~a!ly d~fined in the firial publica~ion of the' 
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Early He~ladi9 pottery frOID Lema, but already we are able 

" 1:0 assign' 'Va.Sès to early,' or late pha~es of,_ EH' l,l, if ,n9t 

further t? 'sUbdivide' the,period itse~f. 

1 
, \ 

4.3.2 Regional variations 
,;' .... "'- .. 

Because·the sauceboat shape is easy to recognize-éven 
f ,-' , 

'amqng s'urface sherds; its d:l.stributi.on in Gre'ece. i.8 Î~irly 

'clear (Fahy 1964: Plate :1:)'. ,Of course, ln peripheral areas 

,'isolated instances of, sauceboat fragIQ.ents'. can .probably be 
, " ;1 

84 

considered as imports, and the settlements as not negessar~ly . . 

'belonging" to members of the EH II culture. D. H. French has 

produced maps of the 'findspOts of EH II Urfirnis ware 

(French 1968: Fig. 74; 197,2: Fig. 10 and its caption) which 

show' a dist'ribution almost iCÎenti'cal wi th that of the sauce­

boa'ts; ~amely.' the .Peloponl'lese, Attike" Boiotia, Phokis, the 
, ,~ .. ~. 

, - J '\ 1 • 1 

, \ 

, . 

I1ea,rby island:; u,evkifs, Kyfuera, spé'tsaf, Àfg±na, Kéa, E~oia) ~ . 
-,'- \\~ 

- and, thé sôûth and east coasts of central_ Greece, up as far .. , .. ' . ' 

as , T1;lessaly.: . 
, -. 

Withi;n"this ,a,rea Early ,Helladic li remaLns are not 

absolutèly uniforme The'predilection,of Peloponnesian pot~ 'l' 
1 , 

" ters f~r low ring feet rather than high' Qr splaying ones 'on 

their sauceboats had been néticed early on by Kunze (1934', .. .. ~ ,~ '" 

p~ 76}'~ weinb~rg '(19,37 ",'p. ~"S,1'8, no,te' 3) realized that th; 

SaIne applied te> Bowl~ i i. e., that -fi~red fe~t ,.were m~re COlllII1Oil, 
, , ,. 

in central "lGreece" but' nevertheless that at some sites, 
. , l' 

partiéularly &~tresis and Ayios- Kosmâs" bO~h,' typer:t o~cu~ted. 
J 1 t' ln ~ , 

- ' , 

~ .. " ~ " 

, ' 

'< ~ 
f 

, , ~ 
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t 
A summary ~.of these regional- variations, ~~r the sauceb~t was 

'qiven by Fahy (1964; ~p .. l04-1.06!, who. added that in .. ~e~al 
'groups from -indivi~ual sites were not very homogeneous" .. ' 

1 , ' 

Of çourse, sau~eboat feet alone are not very significant 

as cultural indicators. A more substantial basis for dif-
F' • :.,. l '. " 

ferentiation ~as recently propose'd by J .~.' Foss~y ~1~7~,).·':' :) 

In describing the EH II material from;t~e 1972'ex~avation a~ 
/ . / ' 

Lake Vouliagmeni, Pera~hora (Fossey 1973l, he was ,struck by 

t,he ,mtmber of parallels with "Peloponnesian s;i.tes in contrast' 

'to Boiotian or Attic ones, par~icularly for' finds other than 
1 

pottery. ~estrùction at the end of EH II, ana the pres~nce 

• -of sealings as weIl as vases wi th sculp~ed ram' s heads ana 
decorated hearth rims aIl stress the cOhnections of vouxi~gm~~~ 

'with the s'outh. The EH rI ~ites ta the riorth and east seemed ~, 

to have a slightly dif:eerent repertoire' of elements. 'Realiz­

ing that ~agaries ,o.f excavation cqh eas,ily cha~ge mat.(ers ,,' 

Fossey tentatively propos'~d a"geolr~Phical parti:tioning of 
, " 

• tl}..e Early Helladic II cultural .sphëre 'into 'a P~loponnesiàn, 
\ 

• , ' 1 

·a Lokro-Boiotian, ~d ~'Attiko-E~n d~visiO~: This' 

t~ipartite division would .parallel.th~tter-knO~ and more 

...... 'ç.lear,,:,cut distinctions of E,arl:Y, ,He~ladic r·ll: "Le,ikandi I" 

\ c 

, • .o" ., 1~ ~ , . (}' , -' • " , 

assemblage neterial lnJEuboia'arid perhaps'on the Attic coast;· 
, ( ~ "t" , .... \ 

l ' 

1 .'" and the contrast hetween light-on-dark painted ware in 
, \ 

tcikri~ and Boiotia, and dark-on-li'ght patterns more coIntnon 

, ' in the-Peloponnese (Donovan 196'1; 'Renfrew 19}2" p. 115). It 
~ . ~ . "- , ,. - / 

< 

. 'mLght be worth noting t~t even tho~g~ EH; II painted pottery 

.. 

-. , 

,1 

, 
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,~s 'ra:re~y ':fioun~, 'some diffe.retlce's .~re evide~t between the 

admittedly oyerlappi~g distributions o:f an' At't'l.ç-SaxoniC:, ' 
.. A ~ '" ::-. .... _ ; 

~ .. - - . \' 

rectilinear banded styl~ and 'an:Aig~1ic-Koririt~~n,;aIied 
, ,'~free" style (Donovan 1961, 'p.' 109). 

4.4 'Seiection·of ,objects' ta be sampled' 
, 1 

, 1 
{ 

Criteria ~or the ideal'selection of ;~ples to'~e used 

860f 

l, 

/, 

in proven~nce ~ëUysis have been ,d:i,scussed in s,ec.~ibn '2'.21' we . 

, , may s~riz~ them briefly here. They involved first Qf aIl 
, . 

sampling material w,hose local origin __ is c~rtain', s,ùch ~s 'kiln 

wasters, clay from an ancient potter 1 s ~hop,' clay from modern 
, 

,beds, and vases produced in enormous quantities. Secondly, 

, the various paste or fabric types' from ci si'te would be· studied, 

and samp1es of e~ch takên, in order to explore' the ?Omp1ete 
, ' 

ranq~ of çeramic prod~~tio~ and utilisation at that site 

(W~ls0n 191$, p. 225). Unfortunate1y, for-the majority of .. , 
prehistoric Gree)c sites tbis is impossible. Neither me.thods of 

, . 

'~cavation nor conditions ,of storage hav~ presèrved the pro~ 

portions of the various fabrics as found.. Materia1 of 1'océll. 
• ~ 1 ,. • • 

. . 

oriqin. 1ist~d ,above is on princip1e un1ikely to have been 
. , 

kep~ •. In fact, until recent1y,:the majority of sherds had 

.J. 

" , 

been discarded after washing. Only the painted, fine, unusual, 

or diagnostic ones were kept çe.g. ~leqeh '1921, p. 4). tor 

~ny sites, therefore, we are limited to just those very·sherds. 

The other category,of information otten.lost since ex-

cavation (or never recorded) is the precise stratiqraphié 

, 1 

__ .. -- --. -.-~~:-- ~-'-7 - ." .. _~ -~\*O> _______ , 
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context'of each' lot of sherds, As a res~lt, from ~ome'sites, 

i t is impos,sibl,e to know in, wJücn bUildil},g 'a, vase was found, _ .' . 
or whether l'a aepos'i t came early' or la,t~ witbin a, phase. 

'since the Early Helladic II phas~ laS'ted such' a long tinie, 
. 

. probably over ha~! a millenni,um, it is important to hâve sorne 
,_ ~ l ,( 1 1 ; , 

- fixed points ~i thi~ this', chronological span., In otner' WOJ;'ds, 

sinqe ,the sources of clay used by the potters and the, 
• l ' l , 1 

- " 

dist~ibution patte~s,of the fini$h~d Mare~ may both have 

variéd' tl1rough time,t an effort should be madè-to compare' like ' 
, . 

-wi th like (but see', Attas et al. 1982). In the pr~vious 

section the vase features (,shape and decora tian) which 

,changed wi th time were discussed. It turns out- that sherds 

with ,these features are the v~ry ones which ,hqve)been preserved 

from older excavations; the fine ware, the painted, slipped, 
1 ~ 

,- burnished, or otherwise Çlecorated she~ds, and the vases whose 

" . ~. 

entire form or profile coùld be restbred. These, then', must, 

forro the basis of the present study. (Of course, l,objects of 

.almost certainly local manufacture, such as, mud bricks, are . . 
sampled when available.) 

Which are tha specifie surface treatments ,and shapes 

involved? As far as surface treatment is concerned; Urfirnis 

slip in all its manifestations, from glossy to"matt, polished 

and unpolished, coating a vase partially or' completely, forms 
. -

the founda~ion of the sampling at most sites. Arnong' the 

shapes,q" the sauceboat, Lei tllt>ti v of the Early Helladi'c, II· 

phasè, is the farm most ~ubject ta classific~tian by reg,ional 

[ ... --

", 

, , 

, 
, , 
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'\and 'chrono1ogica1' subdivision,as·we ~ave seen ln 'the' previous 

~~~JioÎ!. Al~O, because of its dis,tinctive shape, even a small 

·sauceboat sherd is easy to recogÏlize and sometimes "to c1as-

'" sify by type~ FurtheD!K're, i t i'~ the fo'm disp1ayiItg the 
<" 

largest r~nQé of' surface finishes and decorative f~atures, 

including total and partial Urfirnis slip, burnish, mott~ing, .. " 

painted patterns.l incis.ion', applied ridges, and evén ' 
" 

plastic rams' 'heads. It ïs with~this shape, therefore, that 
, ' . 

the chances of observing correlations,between provenance, . " 

fo~, paste, surface finish and deçoration are the greatest., 

Next tQ the saucéboat, the small ~owl,with inturned rim 

is the oost characteristic EH J;lI shape. It too ,underwent some 
. . 

changes through the d,uratioh' of tha~ phase (see sectio'n 4.3.1). 

Bowls too have therefore been s'ampl'e~ in abundance. Rim 

sherds of-both these ~orms are the most diagnostic, though 
.,;" . 

ring bases" which must belong to one' of the two forJUs, have , . 

àccasionall,y been sample'd.~, Jars, askoi, and ladIes also 

commoniy bear Urfirnis 's'lip, "'but- s-ince theit typology is not 
• 

" 

as weIl determin,ed, . they have been' sampled on1y to supplement 

:low' numbers of sauçeboats. and bo~ls ,~ro.in sorne sites. 

, Certain cerarnies of the.Early~~ell~dic perio~ have inoited 
, 

particu1ar interest among archaeolàgists'; ~ng these ls tli~ t 

,thin, smOoth, and well-f,ired' fabric, h~re referre\ to a~ fi,ne , 

slipped-and-polished waJ;"e" described by GoidmaIi (1931, p. ,j97) , 

" 

as "technic~lly the most perfected pottery pr~duced in Ear1y 

H~lladic times". Although hever ,very commoo:-, at zygo~r:tés i t 

. ' 

" . 
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, ie~r.esente~ IIper~àps ,two or three- vas'es:' tb each' h.ousel~, 

.' mostly' in the f~im of sauceboats (Blegen 1928, p. 79).: ' 
t ~ .. I J 

HolIn~lerg (1944',/ '~/" 67) sugg~sted. that, the pieces round at . " 
, y.... .. \ -

As~a in ,Arka~iaj:'eIe p'roba'bly. impor'f;ed' from the Argolid j and 
... .' ," ". ~ 0 

indeed,that_th~re ~y haye been but, a few manufacturing 
, 1, 1".' _' '.', ' 

centres there which :sup~ii~d '~he whole "sphere oi Early, 
, , 

Hel1adic utill;.sation", t:hough less wel1'-made 'vess~ls ~ight be 
, 1 

local 'imitations. )1(,thfs 'study special attention is 

. to'sherds of this fab~ic in an attempt to test bis hypothe is. 

'Pattern-painted vases of EH II type are known from' 
. , 

several sites'. B~-er~ (1969, -p. 454 note 35) has giye? a 
, 1 1 

.' ;, useful list' of 1 such sauceboats and noted that they a+"e' a~s6 \, . 

found in the Cycl~s .. A limited number of workshops 
• ~ ~I 

produhlng this war,e ~y be 'argued for on' the 'bas'is of 
, 

the uniformity of ~he decoration. Once again, compos~tionaI 
, ' 0 

analysis should decide for or, aga~nst this vie~ 1 anc;1 mght 

p~rhaps pinpoint the centrees) of manufa~ture. 

, , Another form thoug~t for a long while'to origin~te in 

~he Cyclades and co~sidered an i~port ~hene~e~ found on the 
~ . ", 

, ... 

Gre'ek mainland is the s'o-cal,led frying pan, a flanged disk of': 

runcertain purpose (perhaps used as a lid: Treuil 1979, p. 363) , . 
1 

with short handle; the largest (exterior) surface of the dis~ , 
, 1 

is decorat~d with inéised or impressed patterhs, ~ften )' ' 

, . 
~ 

including'spirals. Recently Bossert (19601 and Renfrew (~972, 

pp. 536-537) have classified these pans on the basis of 

dèc9~atio~ and.of shape respectively, and have isolated a 

':....... .. 

• l 
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l, 
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. . , 
,maip.12uid" ·varïety. ' M<?re .pre'ci~ion in their' asn~nme~t· would. ,: 

f -,~~ 

. be' very usetui_ 
, . 

:. -1 " 

,,~ .. 1 

\ 

Terracotta ani~l fi~rines, partlcularly rama, bulls, , 

and.other quadruped.s, 'are occasi"onally round in ,EH II 

""',c~~t~~s ... , ~~t.h~~g~ usua11y èr~delY madel ,the~ are fresh and '-, 
'" ~ ~. < • ~. 1 

\ . 
. unpretentious ~xamples pf Early Helladic craft, often' painted . 

( • c;t • \ l " 

: with 'stripe~ or spot's. proven'ance analysis hlay add t,o' the, . 
"i~ni:ted amount of information on their manufacture and 

distribution. 
, J~ 

Anot~er 'type 'of find,showirtg the love of dësign'of the' 
, ~"\ . 

., . E~r1y Hellad~c potters is ·the +aised band of rOll-stamp 

.. 

, ' 
l' , , 

decoration, found on.pithoi and 'on clay hearths (Wiencke 1970). 
, \ ! p \ 

). 

Because of the,laFge' size of t,hese objects, they probably' 
, , 

(;~:ut not certainl;y)--=were .made very ,near to' where they were 

,found'.: In fact, the preséI?-ce of identical ,patte,~s on. ·bands . . 
:found at ,Le~,na, zygburi~s, and Ti~ns (Caskey '1959, p .. 20.6; , , , 

, , 

1960, p.' 293) ha's been taken to indicate the existence of 
\ . ., 

travelling craft'smen making these pi tho~ and hearths to order 
" 

in th~ Argolid~ 
, , 

'/ 

At, some sites', where the full range of eJ(cavated 'material 

: had been kept, a. selection of sherds (Jf a variety of pëiste, 
, , 

or fabric types was studied. Final1y, for sites wnere 'diag-

,n~stic sher~s were <available, either well-stratified or well-. 
, , , 

publishë~, pottery from the, third Early Helladic phase was 

sampled. 'Th~ aim-in these cases'was t~ investigate conti­

nuit y of .inanufacturin,g habits from one phas.e to the 'next, and 

j , 

1 
.. 1 
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" in a limi ted wai' to examine, producti~>n and exchange qf some' . 

of the finer wares, including the characteristiè EH III 

pattern-painted pottery. ~he significance of their analysis 
• J ~ " 

is èon~idered in a section ,of,d~scuss~on devoted particularly 
, . 
to ~H III material in' its his'1;orical context -(sedtion 8 . .4). . 

{ , '" ' . \ 

4;5 Explanation of descriptive terms 

4._.5.1, Shape, 
,,' . " .. ." 

~l though ~ny general schemes exist' fç,r t,~e description 
" , 

o'f pot forms' (e. g. Shepard 1965,- pp.' 325-328)',' it was f~lt 

that a' more restricted one might b~ faster'and yet sUfficiently 
" " l , 

detailed to obviate the necessity of drawing every sherd 
• 

profilè. Fossey (1978) has developèd a ,classification s~tem. 

,for Early Helladic l ang II pottery based on the assignment ' 

of feature sherds', particularly rim' fragments, to the pri-mary 
~_ iJ:. " • 

shape categories' 'bowl'" 'jar', and,,' sauceboat' • ('Bowl.' 1s, 
" . 

. 
ustd às a general name for any open vase shape; ·~."e. 1 one 

,whose,maximum di~ter i8 at or near the lip. Similarly·tjar' 
, . 

denotes, any closed shape '. ) Wi thin eaqh' ,o~ the divisions 

'bowl' -ànd 'jar', a two-dimensional grid sets. categories of 

lip fo~ (e. g.' rounded, p6i~te~ beve.ll~d) . a~~inst th?se of 

riln orieqtation (e. g. intumed, ve:r;ticalj, .sha.p.Qw) .. At eaçh· 

rintersection of catego~ies, an actual exàmple has'been~ârawn 
l ' 

, . 
in profile -where one is known. A 'later version of these" , 

. ~rids was ·p.ublished by',Sedgwick et aI: (~980)., and i5 repro.-
~ .' -, -

ducèd here t~igs. 4-ii and 4~iii). The latest one will be 
.• : .. , ~ 

, . 

.-, " ' 
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EH 1 - Il RIMFORMS - OPEN SHAPES 
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rims (after Se~gwick et al. 1980, fig. 8)~ 1 
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FIGURE 4-iii: Early Helladic pottery classification: closed 
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EH 1-11 RIMFORMS - ClOSED SHAPES 

1 2 
• rounded point~ 

, 

XI. spiayed r r o. high 
, , 

XI. sployed-

/ 7 b. sh<lrt 

r 

XII. vertical :,f ff o. high 

XII. vertical J F b. short 

XIII! Insloplng / · 
a. high · 

XIII. insloping 

.. ~ .r b. short . . 
XIV. Floring ·r 

, 

\ a. htgh 

J ~ XIV. Floring 

b. ~ho,rt 

~. ~l1\0/ed f \ \ / \ , 

~ 

"Hlgh" - rlm greater thon 3 cm. 

l'lOt to sCelle 

3 4 5 
flottened bevelled/ \ double 

- ~molded J ",molded 

( r -f 
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r . .r r , 
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J ;,F , 
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''Short'' - dm I.~ thon 3 cm. 
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Early Helladic pottery classification: bases' 

(after SedgWick ...;.e_t--.a .... ;L. 1980, fig~ 9) 
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published shortly by,Fossey and Mogélonsky. Almost aIl Early 

Helladic l'and II bowl and jar rims can be dese-ribed reasonably 

precisely using this 'syst:-em. As the name of aach grid cate-

,gory is given on the charts, it is omitted in the catalogué 

~ntries, where instead a subjective des'cription, df the forrn 

can 'be fomid. The :-est' are ~ither hybr~d forms or' very r~r~ 

profiles which must be de,séribed verbally, as has been done. 

for the few EH IIi[ objects sampled. 

Thé range of bases- found on Early Helladic' l and II pots 
/ , 

is su;prisingly, small; . The. chart published ,by ~osS~Y (1978), 

'here reproduced as Fig. 4-iv, has on'ly thi"rteen forms. These 
r 

numbered forms are used in the catalogue.' (A new version is 

curr~ntlY,in preparation: Fossey, personal communication 1982.) 

Al though the nurnber of' possible combinations of rim and, 

hase forros amounts to ({9 x 7) + (9 x 5)) x 13 = 140-4,' certain 

cOmbinations are much more common than others. The fOllowing 
, 

general observa~ions' ~re ,based'on examination of large boqies 

of excavated 'material' onJ.y, at Lake votiliagrnéni, and on perusal 

'of the most accessible excavation reports. CA detailed s~udy 

of the development and range of shape,s in Early -Helladic pot-
, 

tèly'~s current1i being ,prepared by Marcia K'. Moge1onsky at 

McGill universitr.) A~ ~ake vouliagméni (Fossey 1969), EH~ 

l:?owls are often hernispheric~l with a fIat base and a rounded, 
\1 

. .flattened, or th!ckened rim (Fig. 4-i). 
"-

They l!"l y bear 1 ugs 

'o,r more elaborate handles. This type continues in use during 
'- , . ~ 

EH II, ~ut is_accompan~ed by a variety of smaller forms without 
r 

, ,0 

'1 , 

1 

J. 

'.' 'f 
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handles, a~d with a maximum'd~ameter of less 'tHan 15 or 20 
. 

centimetres (Caskey and Caskey 1960, 'p. 150 and p. 154,. 

fig. ,11).. J,.I.:. and E ... G. Cask-ey, have' ca11ed thes'e 'saucer.s' 

(1960, p.·16'~. note 3'3) 1 a term we1,l-suited ortly to the sha1-

lowest v~riety. The deeper'ones usually have p ring'or 

pedest?-l base and' an inturnéd rim, whereas 'the shall.aw ,cnes' 
, , , 

may instead' have a, fOrlp VIII rim and à 'fIat base, usually 

fom 3. } 
, ' ~ 

.::ra'rs seem mast o,ften to have 'a ,f1a,t or ,sli9'~tly o~n9'ave 
~". , . ~ .. ' 

b'ase' (:Fossey r~69). A wide vari~ty of rim f~rms ,is found on- l, 
, . , 

, _, l ' 

both EH l'and EH II vases (e,g., J.L. and ,E.G. Caskey 1960, 

p .. 141 fi9' 7).', Vertica,l~ro,UI).d,han(iIes U~e'., of'cfrcu1ar 

cross-::-section) are cOltlIll()n, eitheJ;"- plain 9r twisted to look, 
- ~ " 

like a rope. ~ asymmetr~c,al variety of ja:r: is ,th~, 'askos-: . 

CFig~ '4-:-il. ,- Also flat-ba.'sed,' i t may have a, round or strap 
, \ 

" . 

handle. A~ Lake'Vop1iag.méni, askoi are found only,in the, 
'" 1 \ , l ' 1 1 

EH ;Ir ,levels, ,but a re1~ted form, the s-coop, , was foùiid ~n, tn~ , 
, \ 

EH r ·'trench.- (Fosaey '1969, p. 64). 
, ,. ~ ~ ~' 

, The sauceboat is an asymmetrical ope~ shape wi~h hàndle: 
" , ;." b 

and speut, occurring only in ,Early Helladic II (but see, 
. , , 

sect~on 4.2). 
, ' , 

Indeed ,i ts presence may be, cons~dered a defining' 
, , ' 

l' 

, 
, '1 

-;;,' 

\ 

" attribute of ,the midd1e phase of the main1and Ea:t:ly Bronze - , 
, ~ ~ " ',~ 1 .. ~ 

- , 

Age. The variations of i ts shape in space and time have been 
, , 

disoussed above. They are aIse' the subject of a ,study being, 

, prepared by M. H. 'Wiencke (persona1 conImunièation 1977l. ,The . 
. 

catalogue uses - the system- of taskey's four types 'as expCl:ndedo, 
, , 

.. 
; 

, 1 
~ 

• , , 
, , 
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by Fahy' (1964), wi-th t'ran$l.tion~,l' tyPes whexe requîred, and 
f, 

.. ~ Jo , 

gives sorne indicati~n or the natl,lre of the handle and spout' 
,'-. _... ' ,_ l , 1 ? 

, wben' this i9 known. ,Vertica1 ,handles~', foun'd' most often on ' . \ 

Type II I. sauceboats; may have, à ~ vert.ical groove makin,q' th;~ .. ' , 
appear double. ' ,Horizontal·: handles may' rise above. the rim' 
'~ " , .... ,\. ," , , "'" , 

or staY'." on the s~~ leve!.' 1 Both kinds ~y toin the' bOdX '~t 
, '. 

or b~low the lip: In sorne cases, an applied ridge 'ext.ends 
~ "~ . - " , ~ ... 

'. , .. j 

~ . " ' 

a~ng. the vase surface 'in, prolongatl.on ,pf the handle; ,The 
, r '} -, ' ~ , • 1 1 

cbrners of the spout 'may he right-angled,' o~ may be e.xag-· , , , , 

, . 
geJ;a,ted, to an elon9,at:ed sh.ape wit:h an acute~ang1ed .,tip 

(classified in the catalogue 'as. 60, 45, 'or' 30 d~gree). 
, ,- 1 _ _ " "" 1 

The 

bottorn of the lip' may be s,tr'aight or/ May ciû~ve' sharply down.-,. 
~ l " 1 

'w~rds., , Sauceboats fr.om· this p'art' of Gréeee a1most i-hvariably 
~ '.. - \ ", 

have' -a ring base. ' The bowl is, .thè on1y. other' small,'fbrm··of· . 
,.... _ r _ _ . ' 1 

,- relativeiy, fine fabric whic-h oft~n, has a iil1~. base •.. ~en: suc!l' 

" 'a base' sherd has beè~ sampl~dJ i t is therefore listed .in the, -

, èata1ogu~ as "sauceboat or b.owl". 
, ., 

, The ,heàrt~ and ~e baJÜ.ng pan are two' larqe, , rèlati ve'ly; 
, \' r ' • .. ~ "1. 

, i~bile" circ,{J.:az: terracQt~~ object:s'. 'He~ithà gener~ily hi:\V~', 

'1 a~ fl~~ ,b~ttom ~d a .wide 'flat edge often bearin'g in~ised or 
... ~J' ~ \ 1. ' ~ 

~pressed,~eéoration suc4 as spirals or zigzags (Lavezzi 1979). 

·"~ing pans ar~ conca'(e, w~th·a p.arrow, plain ri·m 'WhiCh, ~" 
• • FI 

be lower at Qne portion of the: circumferenoe, fqrming a broad. 

'spout (Blegen" 1921, p. 13) . 

Pithos is the term commonly used for a large storage jar, 
dl, 

Sorne pithoi are decorated with raised bands bearing the impre,s-
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, l ' sidn 'of a roll-~tamp '(Wi~ncke 1970f. 
',i 1 r., ,. 

, ) ~ \, 

, ~ ,Te'rraéotta ladIes ,ar~ often found on 'Early' Hel1adic 

, '" :s{tes, ~thO~9h appar~tltl~ nct at L~~ vouliagméni),. 'rr:h~~ 
, ' , 

~,g~nera~lly ha;v;e a' spoo'nlike lower E;md, a s~~~t whose section 
. ) 

varies from reètangul:at qear the bOttom .to circular near the': 
,. ... . " ~ \ . . 

top, and 1 
cil. handle! ùsuà1ly '~n ·th~ Î9rm of a loop, at the ,top. , 

Some otqèr 'common t.erracQtta obj~ctl:! are loomweights and· 

. spi.ndle whorls" Th~ ratio of height to diameter has :been 
. , 

, " taken as. a usefui critèrion to d~stingui'sh between tl).em, 

spind1~ who:r1s being short.er '(Cherry 197}, pp~ 25-26). Both, 
~ , . 

. ,i , 
", have a vertical, èiiXia:). ~olè., Loomweights of ,later pe~iods 
. ' 

have a' florizontal hole, and 1t ~e~ms peculiar ·that su,ch a 
1 <' \ ~' , 

0' 

',design, which wouid allow them tb, hang straight, was not ~ , . 

adopted .earlier. 
., ,,,' \ 

Terracotta tiles have aiso been s~mpledi with the ~xpec-

'tati~n ,that' ,they had been lqcal1y mad~': J The ones from' thé 
, , 

:HQUSe' pf :the, Tiles' at Lema are plain', 'rectangula.r, slabs. of . 
, \ ! ... 1 1 ~ • , .... ' J / \ ' 

• ..' • , ' J, ~ ~'\ 1 \ ) 

.... weI1"'fired clay .. 'treuil. (1'979, p. ·38?) hâs ,recentIy suggested, 
~ \ ,,~ r ,. r 1 1 1 • <' ' 

... ~ .. { 1 

1. l " thçtt, 'they ,may' have been' used· te pave the uppér floor tath~r ' , 
( ~ , 1 r ~ 

,', ' '/tha~ (or ln addition to), roofing the buildi~g. 

Fite,~'dog~ are coarse t~rracotta 's't~l1~ds ,of unc~rtai-n 
, l 

, ., . ' \ ; 'î \ - . .... l • '" 1 ~ .. 

, . ':.: '- {mu1t~p-le-?~ purposè; found in bot~ dornestic. (~ar~and ~'95l') 'and, 
\, • l , 
r } l '! ~ 

., ".J ~ J ~ '- -

,fùÏlerary (My1onas 1959,· p. .147) contexts. " .' 
, 1 

, - , 

. Unfired objects inc1ud~ sealings, describ~d, in section 1.2,', 
l , ' : 

and mud bricks, sun-4ried reètanguiar 'biock~ of' clay •. 'Their 
- , 1 - ,. Il 1 \ " • , ~ ~ 

1. , • 

,preservation. can usual1y be a'ttributed to accidentaI' heating' /. 
< • • <> • 
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.' .' ~, 
, '!, ' during a, confl,agratton, though fra.~~llt.ary Ul1:f~r,e4 bricks are. 

r ' ~ 

~ .. - commonly found as weIl. 

' .. . 
Surface ·treatmen t 

, . 
The- surfaqes of alIn6~t·- a~l of ;the obJects sarnpled had 

, 

béen 'prepared in sorne way' by .the Early Helladi~ patters. At 
• , ÇI' c 

the very least they had -been . . smoothed before the clay hardened 

completely. ISome . ~H l p~ts w~re' brirnished,'· or poli shed wi th 
< .' " \ " 

a smooth 'object' such as a pebble, un~ll their sux:face shone .. 

~ore often, a' slip was "apP11'ed to . coat ~. v~se partially or - , 

completely. This ~y have been achieved by dipping in sorne 
. " . , 

cases, but 'in' others,. the' marks of a brush are visible in 

'the slip. A . raspberry':"ted , sl~p.is châ:r;acteristic of sorne 
, . . 

Eaily Helladic l pottery' (French 1972, p. 18). In the eàrly 

part of $H II, the slip can be' qui te lus trous , in which' case . , 
it çan' be cal~ed Urfirnis. Later EH Il sIips are rnost' often 

matt, and sometimes quite thin. When thickly applied, slip 
, 1 . 

has' a tend~noy to cra7kl,e; that is" to break 'up into a fine 
/ \ ~, ~l 

: I?attern of ll,ttU~ patches '-of 'slip ,separat-ed ,by ,cracks. 

BUl;l1ï'shing 'a ~11pped vase yield's a ."véry 's~ot~ Ei,urface pleasing. 
- 1 J ' • l 

tQ thè touèh' as wéll ,as to the ~ye. This teèhnique _réacheq 
, li • ~ 

1 

:its' appge,e 'wi,~h the variety of fine" thin-wallèd 'E~ II pottery 
, .' 

- .~ , l ~ , ~ 

known as 1 slipped~and-polished ware' • " 
: ' '- ~.. _' 1 

, .. ~ The, -co~our' of a slip can vary enormously depending on' 
, - , -

ft~ ~~ompositi6n and'thick?ess, on the firing tem~erature, and' 
-

on the fir.ing atmosphe.re. Often, a single vase will bear a ' 

~ > , 

'---~, .-. ~~. _~ __ ....l'-._._"'''' ____ ~' 
t ... t~ , 

. , . 
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slip whose co1our range,s ~rom ora?ge through pink, red, and 

b~own l , te' black. 
'" , , 

Sometimes this'. effect was i~tentiona+, . 

,1eading to' two or mor~ zones of c01our., Another delibetate 
~. ",' " . 

> 

• 1 el ' 

,. 

"", éffect is mottllng of pinks' or yel10ws wi th gJ;'eys,' found 
t1 

particu1arly on the fine st'ipped-and-polished wq.re. The 

fluctuations of slip ca1~ur,' especia11y pn a single vase, 

can be taken to indicate that ~an at'te~pt at precise descrip-
'1 ' 

tion of the colour (s), 1eads ,to no useful characterization of 

the pot. :There~ore in the "'catalo'gue slip, colours 'are gi ven 

using the Munsell system (see' below) only- when 'they ar~ 

particular~y disti~ctive or uniforme 
, . 

, , ,A study of ~arly Helladic pottery ~ith painted decoration 

,1 " has been, made by Donovan (1961). 
, 

On EH l and EH II pottery' it 

18 very l;are. ' In EH ,1 I!,. however, i t becomes- qui te conunon on 
-

finer wares. In both cases the 'pai,nt' is actually a slip, . . 
,and its colour varies in the saÎne w~y as that of sl~p _ It' 

was applied ,with a brus~ to the smoothed surface of the vas~. 

There was.a restricted range of motifs ,employed' in Early 
, ' .. r 

• t " ~ 

,JIelladic II: straight 'rines, stripes, 'triangl~s, hatching, 

and' a" few curvilinear shapes. :Animal figur,ines were 9ften 
, , 

band~d (C~rry 1973, pp. ,27-33). J;;arly Helladic tII dècoration' 

is' ~re organized, often, rbpning in zones around a vase. 

Reqti,iinear, motï~s are again pr~valent (see Fig. ,4-i)-. 

': c incîsion as a decorative technique seems to be most at 
. ."'-

home in Early Helladic I., Handles arid rims both, recei ve' pat:­

terns' o~ il1-cisiGm" 'wi th a, pr,e'ference for herrin,gbone. E~ril.y 
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Hel.ladiq" II pottèry may bear incision in .the fOrIn of potters' 

marks, or as a s~ple form of decoration qn thè base of plates 

l' 

, . 
or' ,shallow bowls. (as at Lake f Vou~iagmeni), or on r.aised bànds 

of pithoi and ,hearth rims. Pieto,rial representations, are rare,. 

'Frying pans' usually bear incised, ~eeor~ti~n in bqth periods. 

'Impression is a rival teclÙl.ique of decoration for these· bands. 
o 

A cylind~ièal roller, pe,rhaps earyed of wood, would be run 

:; a long them ,-""hile the dlay was still damp' to produc~' 'the design 

. (Wiencke 1970). A stamp seal Would sometinles be' used to 
~ 

decora te a vase. This is rare èxeept for the case of t fryiIlg 
. 

pan,s t; where coneentric ci.reles and' spiral moti,fs ,were often 

stamped (B~ssert 1960). 

'Fin~lly 1 deeoration in the ~orrn' of' elay strips or dots 

was ~requently applied to ~arger vases. A ropelike des'ign 

could he ereated by incising periodic dialgonal. strpkes' o~ -an' 
~ , - ~,\ , 

applied strip of c~ay or by twisÙng the strip before applying 1 

1 

i t, an~ a 'piecrust t effect could be produced by periodically. 
, . 

indenting it with the fingers. These designs are particular:ly 

. commen on pithoi and on or just below the rims of ,large bowls,. 

4'.5.3 Paste 

The tèrm 'paste' is used her'e ta refer to the' ceramic 
, . 

'material itself, what potters call the fired clay body, and. ,) 

archaeologists ?~ten càll fabric. Several of its properties 
, 

are 'desc:r;ibed in the ca>talogue. The first is COlour., Both 

. : a subj'~ctive .description ,(e. g., "pink If) 'and a reference to 
.. ' 

'. 

, , 
- .. ~\ ........ - ---, ... ->. - • ~ , - . 

'J . 
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" the' Munsell (.1975) designati'~n are g~ ven. This syst~II!- of 

notation uses the three variables hue, value, and chroma to 

'- :represe~t a colour; ,in the lnse'll S0i~ éol r Ch,.arts tri~se 
become the page,. row, and colt!mn of tJ:1ê èioses't-~atching, 

, 
chi~,._,_ A space sepatt'ates th~ first of these designations 

) 

. 'froni the second, and a diagonal stroke S!eparates the second 

102 

from the third, so that 5YR B/3, ,for example, is a pale pink. 

'whe~ the core o·f the sherd ~iffexs in .colour from the surtace', 

each is noteo separately. ~lf the.pàste is poorly fireq, . , 
".. 

crÙmbly# or pattioularly soft.or hard, these facts are noted 

'. / as w~l·l. 
~./' 

The other maj.o.;r category of 'paste description, is the 

!inen~ss~ This, is an eval~ationi admittedly $ubJectlve, df 
. '. 

the quantity of naturally-pres~nt inclusions or added te~-. .. 
per~ng material present i~ the paste. Fine ware has no . 

visible in<?lusiqns in a bxeak or a clea~ surface i' seroifine 

has. few, medium has several, anÇi coarse ha,s ... ~ny.' The nature 
, ~ 

of any'ip.clusions present is described in a ·nontechnical way.' ' 
\0 

Their abundance (few', severalkor ~ny), angularity trounded, 

'. sub~gular,' or angular), colour, and max'~mum sizp are listed, .. 

Oecasionaily the inclusions themselves have been altered or 

have, ;dis~ppearedl during or sinee the pot' s firing. Their 
, -

,nature can be inferred fram the traces 1eft behind: holes 
, , 

from whiéh bits of straw or other .vegetable ~tter had been 
, ' 

burnt out ('..stalk iinprE7~si.ons' l, holes f~om whlch calcareous' 

., inclusions had been leaehed during burial or dissol ved br' 
'", 
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- , 

treatm~t with 'acid during cleaning, and white and beig~< (, " ~_ 

stains or rounded spepks ;marking the partial fusion of- lim~ 
Or. calcite grains with the cer~rnic ma~rix during firing: 

Wit~ this'information sorne comparison rnay be made between 

sherd pastes without having the sherds 'at hand. Aberrant 
. ' 

an~lytioal results,may perhaps be traced to' thé presence of 

large numbers of unusual inclusions. 

4.5.4 Other information' , 

,A varie~y' of miscellaneous information is also included 

in each catalogue entry .... At the' right end of the ftrs:t line 

is the archaeological reference for the object or i ts . 

stratUm. The'l.chronological phase i5 indicated only {or objects 

not belonging to the EH II phas'e, except for 'the T1ryns' , . 
, ' 

, ,: 'material, wJ:lere the unusual s~ratigraphic sequence makes 
, \ ' 

,J~_omplete indications useful: At Zygouriés, 1 Snail~ .10-.40'­
is, a l~te deposit within EH II (House of.Snailshells, Blegen 

, 1928, p. 15), and 'VIII both~os 1 is an eàrly one (Blegen 1928, 
'. ~ , 

p. 76). The paste descriptions for mo~t of the Keramidhë!ki 

sherds contain an additional entry, namely the 'Cherry fàbric 

( 

number'. Thi~ is an attempt by this àuthor:to group these 

sh~rds a,?cording to the paste categories e'stablished by Cherry 

(J.973, pp. 74-75). rhe categories are as follows: l, ye~low-
,.,' 

'gr~en wfth smail bfack grains; 2 -; semifj.ne to fine buif, wi~h 

very small' white inclusions; 3, moder~tely coarse, Qrange~ 

varied tempe,r, crumbly; 3a, pale orange ,-' more, black grains 

--. -.' . 
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, 
, "', than li 3b, re-dd.:i,.s~-orange, ,wi,th large red grains added as 

, temperi '3c, as 3b, but witb' a grey core~ 4, reddish-orange, 

very c'oarse, ,crumb1Yi 5, grey to h:uff, crumbIy, smalI grains 
'\1'" 

of ?sand, temper'i 6, grey to buff, very coarse, very hard, 

cantains large red g':r:i t and grog t;:.emper; 7, misc~llaI'leous . 

. If, the sampled object has been published, reference to,) the 
~ , '. 

, 'î 

publication is given. Unusual sampling methods, such ~s, 
" -

br~aking ,off ceralUic chips, ,are explained where they 'occur. 
, , 

'AIl dimensions are expressed in -centimetres. The' following 
" , 

> ,is a l'ist of abbreviations used in the catalogue: 

c. approxima tely (' circa r) 

.' 
d. diameter. 

,~ .. height, , , " o~ 

ind .. inÇleterminable 0 

" 

inv. " inven tO,rYj 

~. 
L le.ngth, ' 

m.p. maximunt preserveq 

.~o. number 
. ... 

th. thickness 
,;-

w. width 

., 
-----.------ ' , 

" 

, . , 

t ' 
" 
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4~6 Catalogue" 

4.6.1 Asine 

ASI l mud brick fragment 75:6 

two parallei fIat surfaces; th. 1.41 

105 

1 

paste: fine orange SYR 8/4, weII-baked; many stalk 
impressions up to th. 0.2; no grains visible 

'. 
ASI 2 mud brick fragment 77: 18 

th. 1.7-1.8; two parallel fIat surt.aë~s; 
pas~e: semifïne orange 5YR 
many stalk impressions up 
rounded grains up to 0.02 

7/4, s1ightly crumbIY7 
to th. 0.2; few black 

.... , ..... 
ASI· 3 ·mud brick ~ragment ·,123:4" larrger piece 

m.p.l. 7.0; 
pa,ste: ,f~ne orange 7.5YR 7/6, softi many 
impres'sions up to 'th. 0.4; .no grains visible 

AS! 4 mud brick fragment· 123:4, sma11er piece 

m.p.l. fi.S 
paste: semifine buff 10YR 7/4, soft7 
many stalk impressions up to th. 0.2; few 
dark grey, and dark red grains up to 0.02 

stalk 

wMte, 
" 

..,;, ASI 5 mud .brick fragment 126:1 t-

ASI 

.'T".-

'one flat' surface7 m.p.l. 6.01 , 
paste: fine orange 7.5YR 7/6, SOf:ti Many staIk, 
impressions up to th. 0.3; yery few black grains up 
to 0.02' 

, 
6 mud brick fragment 79:4 

, ':6 
two parallel fIat surfaces:' wail surfacing? th. 
1. 0-1.2; one su~face beige lOYR 8/2, scraped; 
paste: coarse red-brown SYR 6/6, crumb1y; several 
stalk impressions up to th. 0.02; many arigular te;> 
subangular white, black, and dark red g,rains up to 
0.1 

, , 

7 • 
1 
{ 
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l, 
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ASI 7 wall sherd "114:8 

ASI 

closed'shape~ th. 0.5~ burnished outside: 
paste: semifine pink 5YR 7/4r few_white specks up to 
0.05 

8 wall sher d l~ 8 

" 
closed shape, preserving attachment of round ~andle1 
,th. 0.5-0.8; smoothed outside~ 
paste: .medium paie yellow' 
subangul'ar black grains up to 
up to 0.1 

2.SY 8/2~ several 
0.1;, few white spècks 

ASI 9 base sherd 111:5 

forin l (flat)r d. 8r- th. 0.7~ smootl;led inside and 
out: 
paste: semifine pale yellow 2.5Y 8/2: sever al 
subangular black grains up to 0.05; very few white 
specks up to Q.l; 
Fossey 197~, p.28 no. 208 and fig. 16 

ASI 10 base sherd 111:5 

form l (fIat), not tru1y circular~ d. c. 15; th. 
1~8-2.0; . red sY8 5/4 slip outside, lncluding on 
bottom~ some careless incised lines inside: 
accidentaI? 
paste: coarse grey to light brown 10YR' s/l-to 6(3; 
many subangular dark grey grains up. to 0.1; ,few 
specks of ?si1ver miaq 

~"I Il bowl rim ,90: 3 

form VI.5, (thickened out): 
burnished red (sYR 5/4) slip 
lipi worn piecrust be~ow rim, 
dislt type; 

d. c. 20; th. 0.6; 
inside and on top of 

perhaps of overlapping 

paste: semifine gréy-pink 7.sYR 6/2 to 7/6; 
rounded dark grey grains up ta 0.1; 
Fossey 1978, p. 14 no. 24 and figs. 2 and 5 

few 

- ------. -, ------~--'---
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ASI 12 bow1 base 115:2 " , 

, 
form 1 '(f1at)~ d. c~<- .15; th. 1.0: smoothed inside 
and out: ' 
paste: coarse'grey-pink 7.5YR 7/2; many al!gular .... dark· 
grey-brown grains up to 0.3 . 

ASI' 13 saucepoat rim 143:1 

- . -. 
v-erti--eal pOinted' rim-- (as --form V.2) f th. 0.4; 

,iustrous crackled r-ed slip inside and out: 
r paste: semifine. grey N 6/01 few subangul'ar black 

~ .. grains, up ~o 0.05 '0' 

form 111.2 (incurved) 7 d. not ~easurable; th. O.4~ 
lusttous, crackled black slip inside and'out; 
paste: semifine buff 10YR 8/3: few, rounded 1ight red 
grains up to '0.1. 

ASI 15 bow1 rim 143: 1 

. : 

~ ~ 

form VIII.S (shallow, thickened out); d. 15-20:. th. 
0.67 lus trous, red (2.5YR 4/6) slip i:nside, very 
worn, d~.11.brown (2.5YR 3/4) slip outsidei ' 
pas te:', mediUm, core grey SYR 7/1, surface orange SYR 
6/6i se,vera~: beige speçks up to ~.l; few rounded 
dark ,greygrains up' .. toO.li very fewspecks of 
?si1 ver mica . , 

ASI 16" powl rim '143:1 • 

.' . 

,_ '~ • "or' , , 1 

fotm' VI,6 .(qemispherical,' '~h:~:ckeried ,in>: cl.. c. 30: 
th.,0.8; 1ustrbus r',:!d (2.5YR 5/6) . slip' f'nslde and on 
top of ri,In: ,'traces of piecrust :outside; 
p~ste: semifine pale orange $~R 6/6: few'angular red' . 

"grains up to O.li few white $peckSi up,to-'0.1 . . 

: ASI 17· base of 'bowl or sauc;eboa~ 130: 7 

" ' , 

\ ,. \' ., . ~,. ~ 

t'~rm Il (well':"developed' ring); d. 5.5: th. 0.5: 
lus trpus red ta' l:>ro~n slip inside and oùt i "'. 
past~~ fine pale, oJ;'ange 7. 5YR' 7/6; tew whi te .spec'ks 
up ta 0.05 '. ' 

1 t \ \ 
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" 
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, , . '.' 

" 

\ , , 

" 
section round at one en~, slightly flattened at the 

~other: d. at round end 2-.0.; flatte~~d.~ecti?n 2.4 by' 
1.6; m •. p. L. 5.6; lustrous cr ackled b~ac:k S~lp;, : 

~ ,paste': fine pale yellow-buff 10YR 8/3 t few whi te and 
bei~e'specks up·to 0.05: ~erY'~e~ 'roundea li~ht red 
gralns ~p,to 0.05 . -

AS1 19 bQwl rim 130:3 

for~ 1II.2- (incurved); d. c. 15;' th. ·0.4, lus,trous 
crackled black to brown slip ,inslde and 'out;', 
·paste: fine pale pink 7.5YR .8/4; .ve:ry few white 
specks ùp to 0.05 . 

ÀSI' 20 bowl rlm 130: 3 , ' 

fOrm VI.3 (thickened, ffattèned); d. c. ~O; th. 0.6; 
worn lustrous red-brown slip lnsidé and.on top of 
rim; deep irregular short diagonal incisions outside 
below rim: 
paste: medium orange~pink 5YR 7/6; many rounded and 
's~ban9ular light grey grains up _ ta O.~2, fe,w speckP 
of ?silver mica 

',~ 

ASI 21 wall she;d 80:2 

, ÀSI 22 

'v ' 

' .. 

open shape; th •. 0.7-0.8; ,slipped ·and burnishQd 
inside and out, a mottled grey; 
pas,te: f"ine grey N ·6/0-".-very-- -few --wh1 te--specks---upto 0.01 ----- - -r- -~._---- ........... - .<-----.-_L-- __ ~_ 

-------------.----~-

modern clay 

, obtained September 1977 from" C. zerne'r'; collected' 
fram marshy area just ta the east .of the Kastraki; 

. _lOYR 7/3 dry,unfired; 7.5YR 5/8 fired·in an electri~ 
kiln; semiflne: several whi t·e and several black 
lS,ubangular gr a.ins up to 0 :05 "\ 

ASI 24· s'a'uceboat rim 117: 3 
, . 

'. 

pointed bu·t vertic,al rlm; th. 0.4; .lustrous crack1ed '.' 
black slip inside and out~-.o, 

, .' paste: semifine: surface 7.5YR 8/4" ~~re.N ~/O: few' ': ' 
white raun,ded grains up to 0.02; , . 
F,oss~y· 1978, p. 30. no,. 245 -, . 

. , ' 
~ ' . 

, , 

'" 

" , 

. .' 1: -,. ~.. 1. 



(, 

, .' 
f _ 

, / 

'. 

" 
1 • 

ASI 25 

109 

rim of bowl or sauceboat 138:5 
, , 

form ,111.2 (pointed, slightly in'turned) ~ d.· ,('if 
bowl) ,c •. l5~ 'th. 0.5~ ,worn m~tt 'slip,' red inside, 
brown to.blac~ outside~ . 
paste: semifine: surface 7.5YR 7/6, core '7.5YR 7/l~ 
few whi te rounded gr a~ns up to '0.05'; f.ew .réd rounded 
grains up ta 0.02~ 
Fossey 1978, p .• 17 nd. 58 

ASI,26 sauceboat· rim 119:2 

.\ 

". 
plain rim: th. ,0.2-0.4: thin,matt black to brown 
slip inside and oùti brush marks eviàen~; 
paste: semifine: surface 7.5YR 8/2, core 7.SYR 7/1; 
few white rounded grains.' up to 0.05; , 
Fossey 1978, p. 31 no. 267 

ASI 27 wall sherd' 112:?4 
• 1 .. 

th. 0.3-0.4; smoothed inside, perhaps slipped. but .' 
def ini tely polished oqt~idei' Fine incised .straight 
1ine outside; 
paste: fine: outside surface 5-7.5YR 7/4, with 
patches of grey, as core an~ inner surface N 7/Q; 
one white.rounded grain 0.05; 
Fossey 1978, p. 24 no. 122 

ASI 31 sauceboat acc. no., 4093 '(oJ,d excavations) 

type III; double vertical handle; h. Il to rim at 
side, 15 to top d~ spout: w. 9.5, at rim: 1. c. ~7; 
60 degree tip~ surface slipped and polished, mottled 
red,to buff (e.g., 5YR 7/6, 7.5YR 8/,5, 10YR 8/4,. 
lOYR 6/3, 10YR,4/l)~ , 
pa,ste: 'finê, 7.5YR 7/~; no inclusions visible; . 
FrOdin and Persson 1938, .p.- 221 fig. 161 no. 5 '. 

ASI 32 smaii bowl acc. no. 845,5 (old excavations) 

, 
, ' 

,cim forltl ·?III.2 (inturned~ pointed); base form·l0i 
rim d. /14'.5-15.0 (slightly oval); base d'. 4.0-4.2; 

,h. 5.8-6 .. 0; malt red (2.5YR 5/7) slip inside ând 
", over lip down 1 cm outside rim, turning dark brown 

.. (5YR 5/2) ,in one areai . 
,paste: semifine 7.5YR 8/6; few white subangular 
',grains upto. 0.1; several specks of ?silver mica 'up 
. tà 0.02 

. . . 

, , 

. , 

" 
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ASI ·33 . smal,l b61w1 ·acc. IlO. "3569, (old excavations) . 

. f.orm, qui te sha11ow': l ~ngle as VIJI r but r.1m as III. 2~ 
ba'se form 6~ d. rim 14.8-15.2; d ... 'base 3,~8-3.9; h. 
4.5-5.2;' band of grey-br·own (2.5Y~ 5/4 to 4/1) slip 
at lip, in~ide and out; . 
paste: semifine 10YR 7/1: ;few dark grey ang:ular 
grains ~p to D.l: few dark red angu1~r grains up to 
0.1, ·few white rounded grains up to 0.,051' few· specks 
of ?si1ver micia u~ tq 0.01; . 
Frodin and Persson 1938, p. 213, 'f 19. 158 no. 4 

, , ASi J4 smal1 bow1 acc. no. 8453 (old excavations) 

ASI 35 

o . 

rlm form 111.2; base forro 8; d. r~~ 10.8-11.0; d. 
base 3.9; h. S~4~5.9; 1cisirous red to b1aci~ (10R 6)6 
ta 4/1) slip lnside and out, except within base 

'ring; crackled in parts; 
paste: medium 7.5YR 8/3; severa1 dark red rounde,d 
grains up to 0.1; ,several' grey subangul,ar grains up 
~o 0.1; few whit'e rounded graIns "'up to 0.1; 
FkBdin and Persson 1938,' p. 224'fig. 164 ~o. ~ 

• 
smal1 bow1' accb no. 4090 (old excavations) 

~im form V.4 (beve11ed, near ~ertiça1); base form 9:.' 
.rim d. 12.0-12.3; base d. 3.5; h. 6.0-6.8; ctackled 
Matt black 'slip lnside and out, except under bas~ 
ring; 

'paste: semifine 10YR 8/4; few 1ighb grey rounded 
'grains'uP to 0.1; few white rounded grains' up to 

0.1; 
Frod1n and Persson 1938, p. 223 ",,"ig" 163 lower' 1èft 

" , , 
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'4.6.~ Tiryns, 
~ 

'l'IR, l saucebOat spdut ' Ti LXII ,38/36, VI: (EH II) 

Most of 
0.4-0.6; 

. well; . 
paste: 
rounded 
te> O'~l 

... 
~1 ~ 

centre and left ti~ (60 degree); th. 
Matt blaok slip insi~e and out, adhering 

~ -\'! 
t 

semifine pale brown 5YR 7/4; few beige 
specks up. to 0.2; few g~ey'rounded grains up 

\ fIR 2 sauceboat spout '1'i LXII 38/43, VI aR (EH II) 

, . 

, ':' 

r 

,', 

j: 

1 • 

f. J ,\ 
f 

" \ 

part of centre and rlght ' tip' (45 degrees); 
,centr'e O.3 f at tip 0.5; Matt black slip, red 
inside, worn outside under centre; , . 
'paste: "mediUm, grey core N "810,' pale brown 
7.5YR 6/4; , several beige, light grey, and 
grains~ rounded, up to 0.05; few specks of 
mica. 

th. at 
patches 

surface 
reddish . 
?si"lver 

'TIR 3' sauceboat spout 'ri LXII 38/43, VI aR .(EH II) -.. 

~ . ' 
TIR 

~ 

'" 

laft tiP. (30' degree); th. 0.4-0.5; thin,. Matt' black' 
sli~ inside and 'out; ~ 
paste: sem!fine orange 5YR 7/5; few rëd subangular 
gr ains up to 0.05 

", .. , 
< 1 6 

4, ) sauceboat êpout Ti LXII 3., ,VI (ÈB II)" 

" centre 'of spout; wide trough:, th. 0.4-0.~# 
. , ,-wprn brq~J1ish-black slip- Inside, thicker 
_ _ reddish-brown, , (2. 5YR 6/4) slip outsidei 

paste: semifine pink 5YR 7/6; sèveral 
. ',sever~l brqwI\ rounded grains up ta O. 05 

l , 

~ 

thin Matt 
crackled 

grey- ,a~d 

TIR 5 sauceboat handle Ti LXII 39/8, VI (EH II) 

.. ' 

handle attached tQ " 
and s tr,etches down­

han~le'd~ 6.8; Matt 

le-ft half of horizontal round 
rl,m; ri's'~s 51 ightly above rim 

. -along ,wall; ~all th. '0.4-0.5; 
bl'ack' 51 ip 'in'side and out; . , , 
pas~e; .. ' fine grey N· a/ai- no inclu~ions visibLe -

• l ' 

.. 

, , c" , 
, ' , 

'", ..;'-
./: 

, . , ." : 1"" .... ~ - ____ ....... ~_~""_ --- -~ -,~- .. 
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TIR 6 

TIR 7 

, .. 

sauceboat handle 
.~ 
~ 

Ti LXII 39/8, VI, (EH 'II) 

112 

,right attachment of horizontal handle, to rim, 'wi th 
ridg~ stretching down albng wall, th. 0.4-0.5; matt 
black slip inside and out, worn at rim; 
paste: fine grey N 7/0; no inclusions visible 

, " 

1 
sauceboat handle Ti LXII 38/35, VI (EH II) 

vertical handle attached below rim; perhaps grooved; . 
wall th. 0~4; handle w. 1.1, th. 0.6, crackled matt 
black slip inside and out; 
paste: medium grey-brown SYR 7/2;' several, 
reddish-brow,n roul')ded grains up to 0'.1;, few whi te, 
rounded grains up to 0.05 

TIR 8 sauceboat rim Ti LXII 39/8.' VI (EH II)" 

type ind.; th. 0.3-0.4; matt slip black. to rec;l 
outside, red inside; 
paste: medium, grey core SYR 6/1, orange surface' 5YR; 
6/6; several white and several beige rounded grains 
up to 0.05 

. TIR 9 'sauq,eboat rim Ti LXII 39/8, VI (EH II) 
() 

type in4.i, th. O~4-0.S; thin slip, matt, varying 
dark. br0j,n to reddish-browri, inside and out,- " 
p~ste: semifj.ne, grey" core' SYR 6/1, light brown 
sU,rface SYR 5/6; sev~t'al white an.d 'several beige 
rounded gr ains up to' 0.05 . 

" 

. 'TIR -10 sauceboÇit 'rim .Ti ,LXII ,'39/8, vi (EH, 'II):, 

typé in'd.; perhaps near' ~~t, th. 0.,4-0.,5J ;matt 
-slip, dark brown ta black, inslde and out'; _ , 

. paste; semifinè buff 7.SYR 8/4,' several: white and 
, sever al beige rounded gr ain~ u'p to 0.05 

TIR'll bowl rlm, Ti LXII 38/25, VI (EH II) , 
1 , 

" . 

-r 

c , 

" , 

form .lII. 2,', but slope of w~ll, as "splayed"; d; 15,' 
th: .0.5; matt slip; ,'black to dark brown t'o-
r'eddish-b.rown, .inside and 0v:~r' lip to 1 cm, down 
outside; ", , 
pas te: 'Sem i,fine. pink, 7 ;SYR - 8/4, core greyer 7. ,5YR 

- 8/1, -few beige rounded grains up to 0.1- " 
l ' 

, ' , . ' , 

1 " , ' 
',' 

, ' 
l , 

" , " 

, . 

" 
- ( 

-1 
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: 'TIR 12 

., 
~ , 1'13 

" 

bowl t'im Ti LXII 38/35, VI (ER'II) 

férro 111.2 (inturned, PQinted); d. 18; th. 0.5; matt "" 
black slip at rim only: smoo~h inside, crackled 

'outside; '; 
paste: semifine reddish 2.5YR 5/4; few white rounded 
grains pp to ~.05; few ~pecks of ?silver mica 

," 
TIR 13 bowl rim Ti,LXII 38/44, VI aR (EH II) 

~ , ~ 

form 111.2; th. 0.5; Matt black slip inside and on 
lip outside; , 
paste: semifine buff 7.5YR '6/4; few whitè rounded 
grains up to 0.1 

TIR 14 bowl rim Ti LXII' 38/53, ~~ aR (EH II) 
, ' 

, "form IIt.2i 2 sherds joJned; d. 14; 'th. 0.i~-0.5; 
matt black slip,' crackled~ inside' and on lip 
outside j , ' , 

paste: semifine p~1e'prown 7.5YR 7/4i few, beige and 
féw wh! te rOQnded gr'ains, up, to 0.,1. ' 

4 ' 

. 

, . 

" 'TIR 15 bowl [im Ti LXII 3'8/64, VI, aR,' (EH Il:}' 

" 

, ~ , 
" 

" 

. ' 
' .. -:.. 

. " 

1 , " 

, 

form 111,.2 'or ,,4 (act:uallYI neither pointed nor 
bevelled, put bent quite sharplY)i d. 15; th. 0.4; 
surface rough outside" 'smooth inside, , (some 
striations inside)j even, Matt red (2.5Y~'6/6) slip 
at lip, 2.0 wide inside~ 0:6 outside; , 

, paste: medium, greyish 'core· 5YR 6/1; reddish surface 
, 'varylng SYR 6/4' to 7.5YR-8/4; several greyangular 

gr,ains up to '0.1; few wtlite subangular gr,a!ns up to 
0.1 f ' " \ 

,0 

'TIRI 1~ 1 bOwl rim Ti LX;r l ,39/8, VI (EH II) 
, "' 

/' 1 
, 1 

, " 

" 1 

\ , 

, forro VIII'. 4' (shaJ.1ow, "bevelled", 'but act'ually j ust 
,upturned)'i d.' Il; th. 0,.4; smoothed inside and,out" 

, ',(some striations ïnside); thin Matt red slip at' lip, 
; 2. Q wide 'ins ide, 0.6 outside; , 
':'paste: semifine, ~ight grey core 5YR 7/1, redd!sh to 

, l?uff' s~rf ace 5, to' , 7. 5Y;R '/4;' )~ever al grey! sh 'and 
s~veral'reddish rounded,9tains,'up to.O.l; f~w, spe'cks, 

'of ?silver mica . 

" 
, J' 

, " 

, ' . ' 
\ '- '.r .. 

i ' 

" 

, 

, , ' 

. { 

:" -..... ~ --'-...... ~-~.,. ---""'~-..... 
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TIR 17 bowl. - rim Ti LXII 39/8, VI ,(EH II) 
1 

, form VIII~4; d. c. 15, -th. 0.5: smoothed inside and 
" .,' o'ut, tracés 'of Matt: red slip around ~ip; 

paste: medi um, gr ey core N, 7/0, buff' suifaée 7. SYR 
7/4;' several' subangular grey grains up to 0.2: 
several rounded white 9rains up to 0.02 0 

TIR 18 bowl r,im Ti LXII',3à/53,- VI aR (EH II) 

, , 

form .. ~ VIII .,2, (shaB.o~ pointed); d. 17; th'. O. ~; 
smoothed inside; thin matt, l?lip around lip, ,crackled 
black outside, .reèt to reddish-brown inside7 
paste:, seJllifine".')'light grey,cqré 7_5YR 7/1', ,pink, 
surface 7.5YR ,6/4; few rounded white grains ~p to -
0.1; f~w'speèKs of ?silver, mic~ 

TIR 19 'bowl 'rim Ti LXII 38/25, VI (EH II) 
) , 

, , 
" form VI.l',(hemispherical rounded), d.' 22:', th. 

,O.4-0~5;, trac~s of smoothing and ,?black slip i'nside; , 
paste: 'semifine,' light grey core 5YR, 7/1, buff 
surface 5tR 7/4; severa! black subangula, grains up 
to o.oti féw white rounded g~ains u~ to "Q.05; few 
s}?ecks of ? silver mica' -, ~ 

TIR' '20 bowl rim Ti LXII 38/35, VI (EH, II), 

form VILI (splayed, roupded); d. - c: 20'i- th. 0".4; 
smoothed ~tter, inside th an 'o,ut; . 
paste: semifine grey 2.5YR 5/1; several holes, some 
"wi~h white rounded grain,s up to 0.1 

, 1 

" , 

, / 
1 .. 

, 1 

" J 
. . ~ 

'.' 

./ .' 

. , . 

I
l,,, 

, , 

t' " i 

" 

-' ( 
. ", -) 

" 

, 1 

-...,...;.......-.' ,~-:--.. _----,--. 
, ~ ~ " 

'_._-
.TI~ 2Q sauceboat sherd .Ti LXII 38/27, VI (EH II) 

wall sh-erd; 
, mostly li:ght" 
, 10YR 7/4; 

th. ' 0'.3-0'.4; sripped o and pOlished" 
grey ,(lOYR '6/1)" wi th patches up to , , 

pas te:, fine light brown 7. 5YR 7/4; no inclusions 
visible " 

• 1 , , 

, 
, .-~ 

, , 
,===' 

, . , , 

\ \ ~ 
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TIR 31 b<j>wl rim 'fi LXI! 39/19,. V (trans: EH II/III) 

form III. 2 (inturned and' poi~ted), ,but angle is 
shallow, as VI l (s'Played); d. 16,; th. O. 4; 'smoothed 

. inside and out; striations inside; band of Matt slip 
, , a~ lip, black out~ide, red to black inside; 

paste: me,dium, surface pale orange SYR 7/5, core 
greyer SYR '6/1; core greyer 5YR 6/1; ~everal beige 
rourided grains up to 0.05; (severa~ holes up' to 
O.l);~ew spec~s of'?silver mica 

. " 
TIR' 32 

" r 

. . 
bôw1 rim Ti LXII 39/28, V (trans. EH II/III) 

form II!.l ' (inturned, rounded), but, angle 15 
,shallow, as VII (spla.yed);. d. 14; t th. 0.4; smoothed 
be~ter insidé th an out; striations inside; band of 
Matt slip outside lip, varying red to black; 
.paste: ~emif!ne, surface orange 5YR 7/4, core grey 
SYR 6/1; few whi~e rounded grains up to 0.02; fe~ 

,red subangular gr ains up to 0.02' , 

, TIR' 33 bowl" r,im 'ri- LXII 38/26, Vb (trans. EH II/III) 

'. 

form VII.2, slightly inturned; d. c. 15;' th. 0.4; 
smoothed be,tter inside than out (some striations 

. iflside)-; band of thin Matt, brownish slip at lip, 
inside and out; 

'paste: sëmifiri~, surface pale orange SYR 7/5, core 
grey SYR 7/l~ few white and f,ew 91;ey rounded grains 
up to ,0.20 

TIR 34 bOwl rim Ti LXII 39/8, V (trans. EH IIlIII) 

'form 111.2; d •. 1.2; .th. 0,.4; smoothed better ,înside 
than out,; , 

,paste: semif ine, var ious shade~ of' buff to gr:ey 'S~R ", 
7/3 to 6/1; few white rounded, grains,up to·O.l; few 
grey rounded grains u'p ta ,0,,05; féw v specks of· 
?silver. mica' l' ~ . , 

, ' 

'TIR 35 bowl rim Ti LXII 39/2, V aR (trans.I.EH'II/III) 
J 

form 111.2 but slope as VII '(sha1lqw); d. 14; ~h. 
0.3-0.4; smoothed better' inside than out; 
paste: medium,' varying ,!,YR, 7/3. to· 5/1; ,several 
grey-tirown' subangular grains ':Il? to '0.05,; few, whi te. 
rounded ,grains up to 0.05' 

. . 
-~ -- ........... -w --" .. - ~"--
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, , . 

'rIR' 36 bOwl' rim " T~ LXII 39/49, Va (trans. EH II/III) 

form III."2, but ,s10p~ seetns near vertiçal;'(d. c. 15; 
. th. 0.5; slipped(?) and polished inSide and Ol,lt; 
, pâste: medium grey-brown lOYR 7/3 to 4/11 several 
dark srey subangular grains up to 0.1 ' 

'0 . , 
TIR 37 bowl rim Ti LXII 38/25, Vb (trans. EH II/III} 

TIR' 3'8 

TIR 39 

form III. 2; d. 16; . th. 0.4-0.5; smoothed inside and 
out" SORle striations insi'de; traces of, ,reddish' matt 
band of slip at 'lip, inside --and out; _ 
paste: medium, surface pink 5YR 7/3, core·greyish 
5YR 6/1; several grey rounded' grains up to 0.1; few 

'whi te rounâed 'gr ains up to 0.05; few, specks of 
'?silver mica 

, 
bowl rim Ti LXII 38/26, Va (trans. EH II/III) 

,form VIII.2' (shallow, ,pointed); d. c. 20; th. 0.4; 
paste: semifine buff ].5YR 8/2; few beige rounded 
gtains u~ f~ 0.05; few red subangular grains u~ t6 
O. 05 ' , 

bowl rim Ti LXII 39/28, V (trans. EH II/III). 

form 111.1; d. 16; th. 0.4; smQothed inside and out; . 
band of t~in, 'matt, brown to black> slip 'at lip 
inside and out; 
paste: medium, reddish ~2.5YR _6/4; several white 
rounded 9rai~s u~ to 0.1 ' : ' 

TIJR 40 bowl rim Ti LXII 371.71, V (trans. EH' ,II/III) 

form 111.,4 (be\1elled); d. :J.2;' th. 0.4; smoothed 
inside ~ wi th 'strfations;, 
paste: medium, du!l grey-brown 5YR ,7/2 to 5/1; 
sever al' dark 'grey subangulsu grains. up to O.~ 

"w, 

TIR 41 sauceboat rim and handle "Ti LXII 38/22, V (trans. 
EH II/II~) 

_. ' 

probably type IIi rim with ho~iz9ntal handle (left 
part) rising frOro outside of 1ipT th. -0.3-0.5; black 
slip" lus trous outside 1 matt, inside', , omi tted under 
handle; ". '1 ' 

paste: semifi,ne buff 7.5yR 8/4; 'f~w white'roundec:t" 
grains up to 0.05; few specks '~f' ?~ilver mio~ 

. 
\. 

\ > 
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, 1 1 . -
'TIR -42 'sauceboat rim and handle Ti LKII 39/18, Va (t,r,ans. 

EH II/III) 
',,-

. , ' 
, . 

probably type II J ri-lJl with horizçmtàl handl1e" (left 
part)' coming S'traight. out from- outside of lip (i .e • 
no~ viSling)'1 a ridge extends down fram its base; th. 
O.3-0.4J crackled Matt slip, red inside, black tô 
brown outside, omitted under hand+e; 

; 

,J • 

" 

., 

paste: semifine pink 5YR 6/4; few ,dark ,gr,ey, 
subàngular grains up te O.02r few specks of ?sllver 
mica· 

, , 

TIR 4·) .sauceboat rim'and,handle"Ti 'LKII:38/55, Vb (tr,ans. 
,EH II/I,II) 

. ' , 

, ' 

probab'ly type <:-- II; r lm wi th hor i zontal handle (left 
part) r ising fram ,outside lip; th. o. 05;' traces of 
matt black slip inside and out, exce~t under handle; 
paste: semifine ,surface lignt brown 5Y.R 7/4, core' 
grey 5YR 6/1; few whit~ and fewer' black rounded 

-grains up to'O.l 

l,' 

. , 

, . Tï:R 44 sauceboat rim and handle 
EH II/III) 

Ti' LXII 38/22, ,v (t,rans. , 
" 

,pro6ably type II; rim with horizontal handle (left 
'part) comin'g st~aight' out from lip' (i .e. ' not 
rising)'; ,th. O.3~O.4; 'Matt black slip insipe and 
out, excep~ under' hàndle; , ,\, 
paste: semifine -gréy N 5/0; few white rounded' grains': 
up t"O 0.05 . 

, .' 

TIR 45 sauceboat rim and handle Ti 
EH II/III) 

LXII).38/45. Vb (tIans.. 
" 

,; . " ~ 

" 

probably type II; rim with horizontal handle rls1ng 
from ou~side lip; ridge extend~ below handle where 
it m~ets pot wall;, th. O.4J thlck Matt slip inside­
and out, except ,below handle, red insidè, black to 
red outsideJ .' ' 
paste: semifine orange SYR 7/4; few white and ,few 
dark~grey Lounded grains up t~ 0.02 ' 

-. 
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TIR 5'6 ,jar handle ,Ti LXII' lS/l, IV (EH III) 
. - , 

horizohtal loop handle, flattened horizontally; th. 
handle 1.9 .by 1.4; th. wall 0.8-1.0; mottled inside 
and out; thin m~tt black slip sloppily applied 
outsider , 
paste: coarse, core 5YR 7/4, surface 2.SY 8/2~ Many 
dark 'red-prown angular grains up t~ 0.2 .' 

TIR ,57 jar base TLLXII 38/57, IV'" {EH III) 

flat base; d. c. 6; th. 0.5-0.6; thin Matt brown to 
black slip outside~' 
pas te·: medium, 10YR 6/2 to 7/6: several, black 

'angular' grains up 'ta 0.2; sev~ral white roundeq 
grains up to a.l; few red and few white rounded 
grains up to 0.1 

T,IR 58_ , !jar base Ti ,~XII }8/~.S, IV (E~ III) 
< • 

flat bas.~; ,d; c~ 15; . th. 0.6-l,.Q; worn Matt black 
slip ins,ide and' out;, 1 

paste: aoarse, surface lOYR 8/3, core lOYR 7/1; Many 
grey angular grains up,tb 0.3 

" , . 
, ,TIR '59 " jar base', Ti LXII 3-8/57, IV (EH III) 

, 
, , 

TIR 60 

, \ , 

, " 
" , 

" 

" 
fIat base; 'd. c. 7; th. 0.6-0.7;, thin Matt black 
~l,i.p outsider 

' ... paste: medi'um,. 7.SYR,7/4i several gréy subangular 
,gr a;i ns ':IP to O. 2; f ew whi te subangular, gr ai ns up ta 
0.2 

" 
j~~ base Ti LXII 38/96" IV (EH III) 

\f1~t base; d. c.6'; ,th. 0.5-1.1; thin Matt, slip 
outside, brown to black; 1 

paste: semifine buff 7.SYR 8/2;' careQvaries ta pink 
SYR 8/4: few light red subangular grains up té 0.2; 
few grey subangular grains uP' ta ',0.1; few' ,whi te 

, roùnded gr ains up ta '0.1 

- " 

0, 

" .. 

. , . 
, 1 

. , 
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, ' 

TIR ~l ja~ sherd ' Ti LXII 36/57, IV (EH III) 

wall fragment; th. 0.4-0.7; thin worn brown to black 
slip outside; btush marks evident; JOINS TO TIR 86; 
paste: medium 7.5YR 6/2 to 7/4; severa1 dark grey 
subangular grains up to 0.1; several white round~d 
grains up te 0.1; few dull red rounded grains up to 
0.05 ~ 

J , 

TIR,62 jar sherd Ti LXII 38/57,'IV (EH III) 

TIR 70 

" , 

wall ,fragment; th. 0.4-0.6; worn matt black slip 
outside 
·paste: medium 7.5YR 7/3 to 
grey s~bangular grains up 
rounded grains up to 0.1; 
grains up to 0.05; same v.aSe 

10YR 8/3 ~ several dark 
to '0.2; several white 

few dull ted rounded 
as TIR 61? 

pyxis sherd Ti LXII 38/39', V (tl=ans. 'EH' II/III) 

wall fragment, at 90 degree carinatipn; th. 0.5-0.6; 
d. less than 20; smoothed outside; a Cyc1adic 
import? (H.-J. Weisshaar, pers. comm.1980); 
paste: semifine grey IbYR 6/1; many holes, rounded, 
up ~o 0.2; few dark red,angular gr~ins up to ~.l 

TIR,13 cup base Ti LXII 39/25, V (trans •. EH II/III) 

fIat base of 'ouzo cup' ' with near vertical sides; 
joined to eherd marked Ti LXII 39/16, V Nt l2R; d. 

, base 4.5; th.' O. Si 'red to black matt slip outside; 
perhaps same vase as TIR 74; " , 
pas:te:, semifine, surface light brown 7.5YR 6/4, core 
,gr,ey 7.J5YR 6/1; few grey rounded grains up to 0.1 

. r 

TIR'74. cup ri~ ,Ti tXIL 39/16, V Nt l2R (trans. EH II/III) 
, ~ 

form JIlL l', from an 'ouzo cup'?; d. 7; th. 0.5; re 

, "J 

tQ blac~ ~~tt slip ,inside and out; does not j6in to 
TI~'73 but perhaps same vase; . 

, ., 
. ~: >-

. , , ' 

. , , 

" , 

~ pa.s,te: semifine, surf·ace light brown,7.5YR 7/4, core 
.'sr"ey 7.SYR'6/1; few grey rounded grains ':lP to 0.1' 

, ~ , \. 

\' " 
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TI~ 75 -?sauceboat base Ti LXII 38/60, 'IV (,in r~d: 2/234) 
(~H III) 

.. ,"' \ 

" 

form 9; d. 5~8-6.2; th. wal~ 0.4-0.7; thin 
brown slip inside and out; 
paste: semifine, surface red-brown 2.5YR 

. c;frey N 6/0: few, whi te rounded grains up to 

worn Matt 
~ 

6/4; core 
0.1 

TIR 7.q '. ?sauceboât base Ti LXII 39/48, IV, (~- III) 

, ' 

-'form 6; d. 5.5; th. wall 0.2-0.5; smqothèd inside 
and out; lus trous polished whi te {l,OYR 8;2) slip 
·outside, except under base ring; . 

. paste: fine beige 7.5YR 7/4; several very smaii 
specks of ?s~lver mica 

TIR ~77 sauceboat' rim and handle Ti LXII 39/18, IV (EH III), 

," 
.' . 

'" ~~ 1 

horizonta~ handle attachéd jQs't below rim and rtsin; 
above it;' th,. wall 0.4-0.5; lustrou$ black sli.p 
inside ,and out, except below handle;' ~ t 

paste: semifine buff 1.5 to 10YR 8/3; few black 
angular.grains up to 0.1; few reddish-brown ~ngular 
grains up to p~05~ few white angu~ar g~ains up ~o 
0.02· " • 

bowl rim Ti LXIII 41/62, IVa (EH III) .H 

\ . 
ç 

offset rim and part' of vertical 
bowl, form" as Caskey 1960, p. 
151 th. 0.3-0.6; polished b1a~k 
same vase as TIR 80? 

strap handle'of deep 
296 and Pl. ' 70i1 d.·' 
slip inside and out-;-

paste: semifine, buff surface 7.5YR 7/4, 
7.5YR 7/1; several holes up to 0.02.; few 
? sil ver" mica 

"'" 
cft-ey cont 
sÏ?e'cks o'l" 

A] 

TIR 80 bowi rim 
III) 

Ti' LXIII 41/62, 'IVa (in' red: 
• 

/ 
2/362) , (EH 

offset rim of deep bowl, as 
0.4-0.5; polished black slip 

TI'R 79; 'd .. 13; th'.~ 
inside and outi sarne 

. vase as TIR 79? 

.paste: semifine, 
holes up to 0.02 

varying 7.5YR 6/2 to ,6/4i several 

,1. 
, . . " 

,-

. .. "-; 

.' -\ . , 
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~ 

, 121. 
- ". 

\ ' 

bowl rim Ti L)J:II 38/66, VII aR (in white:, 2/54) (EH' 
III') 

of,fset rim of deep bowl, as, ''l'IR 79; d. c. 20; ,th., 
0.5; polished dark brown slip 'ins~d~ and au~~ ',twq 
grooves on shoulder' outside;' " '~ 
paste: fine, light brown' surfaèe 7.5YR 6/4; grey 
core 10YR 7/1; very few white rounded grains up tb 
0.05 ' 

T~R ,82· bowl rim Ti 'LXII 39/47, IlIa (EH III,) 

offset rim of deep bowl, as TIR 79; d. 20; th. '" 
0.5-0.6; highly pol ished black slip in~i~e and ,out'; , 
paste: semifine light brQwn 7.5YR, 6/4; few white,' 
rounded grains up ta 0.1 ' \ ' -

, , 'Il 

TIR 83 bowl rim 
III) 

Ti ,LXII, 38/16, IVa (in r-ed: .2/~'55) ,(EH-

off~et rim and vertical strap han~lê of 'deep bowl, 
as TIR 79; d. c. 15; th. 0.4-0.6; smaothed outside, 
polished inside;' ' 
paste':, medium, varyj)ng 5YR 4/1, to '7/4,; several' 
gre&-brown angular 'gra:i:ns up "ta 0.1 

.. 
TIR 84 ?bowl hand!t! : Ti 'LxiI 3S7ro; -Iv~.iin-~--r-ed~~2·&§.f- {EH.-"-' ~'-­

III) 
, . . " 

attachment, of,' vertical strap 'hand+e to wa+l; th., 
0.4-0.6; matt black slip outside1 highly Polished 
black slip ,inside; vertical incisions on handle, 
horizontal on es beside it; , .. 
paste~ semifin~ light grey-brown.7.5YR 8.2; few dark 
red subangular grains up to 0.0·5; 'le few speoks of 
?silver mica 

, ' 

TIR 85' bowl r,im', Ti LXII '39/38, IV (in red: 2(2'16), ~~ III) 
, " 

, form V.3 (fl'attened, nèar veJ:tical); d. 1 16;, th. 
0.5-0.6~ thin matt Slip, inside and but, black to 
brown, with brush marks evident; _ 
Rfste: . mediullh surface orange 5YR 7/6, , core 

'g'fey-brown 10YR. 7/2; sever.al light grey angular 
grains up ta 0.1; few white ~ounded ,gtai~s- up ·to 
0.2;' several white 'subqngular grains up .to 0.<t2;', few 

. specks' of ?~il ver mica up to 0.01' .,,' 
" ~ 

: ' 



\ , , 

" 

- - , 

" ' 

.. 

. " 
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TIR 86 ,jar spout 
III) 

Ti' LXII 38/57, IV (in red:'· 2/238) (EH . 
" , 

, 

spoué joined to wall1 d. hole 2 .. '41 th. wall 0.4-0.6; 
t~in matt 'brown to blaçk Slip, qutside and within 
spout;' JOINS TO TIR 61;' 
paste: ~edium buff, 7.5YR 
sUbangular grains ùp to 
g~'ains up to 0.'2; few' dark 
0.,1 

7/4; severa1 dark grey 
0.2; few white rounded 
red angular grains up tO 

'TIR 87 ' bOwl, rim Ti, LXII 38/1, IV (in red: 2/257) (EH III) 

. offset rïm of relatively deep bowl; beginning of 
" 'ihandi,e on shoulder'; d~ 22; .th. 0.5-0.7; cream slip 

, 10YR 8/3 i'nside and out, cover ed outs ide and below 
.' ,'off'set part inside by lustrou,s crackled black slip; 

, same black slip 'used to decorate 'fIat, top of lip 
'with blobs 'pendant fram' outer edge: 
paste: medium, ~urface ,orange 5YR 7/6, core grey N 
7/0; several dark' ~ed- angular' grains up to O~2, 

, , 

TIR 88. bowl rlm Ti LXII 38/1, IV (in red:',2/235) (EH IiI) 

outturned fl~t-topped rim', 'similar tri 1.1; d. c~ jO; 
~h.. 0.8-1.3;' cream, slip lOYR a/3' cvisi,b1e 'in-side'; 
ap,ove, that, , and ·outside, worn matt black 51 ipt on 

,flat top' of lip, 2 opposed groups" of ,3 ,broad--, 
diagOnal 1ines, of the same- black slipi' 
paste: 'fuedium, surface buff lOYR ,8/4,' core' grey. N 
8/0; several dark red"':brown angular gr'ains ~p ~o .. 0 ~ 2, , 

" 

, \ 

_' l' 
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, 4 . 6 • 3 Lerna 
1 

For ease' of èonsu~tat:Lon, this section has b'e~n repro7 
'. 

'duced frOm the author' sIlle cyé1e thesis (Attas 1.9 80, pp:.' . . ~ -.~~~ "" (~~ , 
... , 

'.41-50).. . ~scriptions of LER 8, 9, l~, and 40, an'alyzed at ' , 

McGill, ~have been inserted. 

Ces objets sont conser'l7és au musée d' Arqos. Toutes les" 

di.ens10ns sont en centimètres. Le co~e de couleur pour les 
~ , 

pites, suit le système des l-funsel1 'So,il,Colqr Charts"(1975). " 
, r 1 \ • 

La couleur ,des engobes varie ~rop pour que ~e système &oit 
• 

u~i1e; on utilisera s·eulement une descriptipn. La texture 

de l~ pâ te est di vis ée, à l'oeil, en' quatre cafégories,: 

fine (sans inclusion's); se.mi-fine {'peu d'~nclusions), semi­

grossière (plusieurs 'inclusions), et 'grossière (b.eaucoup 

d "inclus ions). La typologie des sa,uc;:ières est celle de ~ 
Caskey (1960, p. ,29U, , et, la dénomination . 
de ..... ,empreintes de sceaux (CMS V, -etCy) c~lle de 'Wiencke 

- ---, . 
(1975). Lorsqu'elle est connuè, l'indication de conte:lt'te-' 

stratigraphique est reportée ebtre guillements 1 la fin de 

chaque description.' Le plan donné p.ar' éaskey (1957, 'p. 144) 
1 

,aide à ~nte,rpx:éter le~ indications, mais .leur signification 

p~.écise sera pl'Qs é~idente .lorsque l~' rapp~rt final des ' 

fouilles sera publié ... Dans l'immédiat elles peuven t servir 
1 . ' , ~ 

à, retrouver les obj ets dans les 'ré"serves du musée. Les al)ré-
\ 

vLations ~mployées sont les suivantés": 

" . 

. , . 
, ' , 

,~ ~_ .. _. l 

. '\ 

d. dialllètre-_ ~ .• 
env, 
ép. 
ext. 

, h. 
int . 
inv. 
la. 
10; 
JQ.c • 
pl. 

environ 
épaisseur 
e x t é"ri e u..r 
hauteur, -
intérieur 
numé ro d' in.ven·taire .des foui l~es~ de ',Lerne 
largeur. 
longeur 
maxi~um conservée 
planche 

---"--_._~-
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Argile, tuiies, et bri,quos crues de la Maison des Tuiles 

de Lerne III (Helladique Ancien II) 

LER 1 

LER 2 

LER 3, 

Ll:R 4. 

LER S, 

,'LER 6' 

, 
motte d~argile soutenant une tuile,' pite semifine 
beige (7.SYR 5/4 à lOYR 6/3); 'les inclusions"> 0,02 
enlévées avant analyse; "Area BI, W destruction 
déoris". 

coin' dé~tuile.à bord bi~eauté, pâte 
rouge~brune (5YR 6/4), ep. 1,5, une 
--aplani~que' l'autre~ inv. L2.273. 

" .. 

~e'~ig.ros'gière 
surfac~" mie~x 

'bord biseauté. de tuile; pâte gros$ière, o~ange ,S:' 
(2.5Y.R 6/6), ép. 1,3-1,5; une surface mieux apla­
nie que l'autre; inv. L2.275. 

fragment (1' coin) de tuile; pâte' grossière, l;Irune 
pâle (7.5'iR Q/G), 'ép. 1"i-l,4; une surfGce mteux 

t ,. ...... 

'aplanie que l' a.utre. 

fragment de brique cr~e 1 plâtr~ sur une' face; 
pâte' gr.ossi.ère 'orange' à rose (5YR 6/4-8), ép ",ID. C. 

3,5; manifestement brûlé. ,~:, . , 

fr~gment de brique crue ~6nsery~nt des impTessions 
de roseaux 'sur une face.; pâte semigrossière, orange 
à. ;rose (SYR 6/4-B) ,. ép. II1"C. 4,3; manifest'ement 
brûlé. 

. .' 

" Itea~th' rims 
, , , 

LER 8 '. inv. L.1598; 'p~t' ,26 (L~~na, t:):IÇ),' Are~ BE; 
higp 'rim ~ith' flat top,' b. 8.6, w. rim 4.8, th. 
pan' 2.8; thip., red slip ,insi'de; bot tom' ro~gh, wi th 
,stal ~ inipress ions,; on l'im, impre.ssed ,pat te rn 'of .. 3 
e,ven ,rows of zigzags;, ' 

124 

. , 

pâst'e': coarse'( grey' »' 6/0 core,~'p'ale br'own 7.5,YR 
7/~ surfa~es; many angular and'subangular dar~ red: 

, brown apd dark grèy grains, 'up- 'te O. ~; few white 

LER 9 

? .lime, spe çks up t-o 0'.1;' ~race's of ? sÙ ver mica; 
Wienc~è 1970, p. ,102, pabtern 5117 ,(Pl. 30) and' 
fragmen t 2 p9, pl. :l6. " , 

l\ 

Lot HTN3 (EH II}; 
rim not set o.ff; ends in s,traight edge; th. 3.0i 
smooth on top and side, less sa below;,grooved 
border on out~r e8ge; ~arallel chèvrons inc~s~d 
on top; 
pas·te: 
angulêlr 
Wienciâ~ 

very coarse, dull pin~ SYR 6/4; very many 
dark- red-brown lus trous grains up to 0.3; 
1970, p: 103', fragml!!n"'t'ill; pl. 26,. 

'---!,..--------------:,..-----::--~ '-."--," -------= .. ~,-..... , ----~---
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inv'. 'BE564;, Are,~ BE" L~rna, IV (put' EH 'U in style) 
flat riiD ~x:,ised,apove the pan; dl.: l'iin, 3.5; ,pan 
c. 2.01 'smooth on,top, very rough' below; groovèd 
b~rder 1 jl,atchingi witp horiz,ontal a~d. slant,ing lines; 
paste; very' cda~se, '.grey; SYR, 7/1 to orange, SYR' 6/4; 
cr·ûmbly;, very many angu~ar dar~ ~ed-brown 1 usttoûs 

-qrài'ns up to 0.4;,> few' white? lime sp,ecks up ,to 0.2, 
Wien-cxe'1970, p. l03",fr~:gment 275, pl. 26.' 
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. Cérami q'ue's des' pl;em,i eres èOltche,s, ~~ Lerne '1 II (Hellad~que' 

" 

Ancien' 1,1) 

LER 11 

, LER 13 
. ' 

LER 14 

.' 
'., , 

'" ~ .", t 

r 
, , 

moitié' ,gaucJ:te du' be'c' d·une .lSauc;(he' de type, 1;, inv. 
. L. 1;463, pâte grossière beige (7. 5YR 7/4,); ~p. 0, a, 
, surfaces' lisses 1 appliques â l' ext. ',~n, forme de 
corde'entaill~e sous le bec et parâllèle au b~rd; 
ba~de8' pe~ soignhs de 'peinture rouge 'à n,oir au' 
b'ora' et recouvrant les appliq,ues; "Lpt 'HTS (80) r 
Lern~ IlIA (pre";filling)'" • 

. pied ~~nulaire de bol.ou de s~ucière, d. 5,1; 
pate 'ftne rose (SY'R 7/7), ép., Ô,4-0,5; engobé 
métallique rouge à noir à -1' int. 'et ext. sauf sous 

'l'anneau; "both~os ~D-All Lerna IlIA (pre-fillinq)". 

fragment, de bol à pied plat et lèv're fine verti­
caJ.e, d,. 17" b. Il,6~ pâte fine beige (7.5YR 8/4) 1 

ép: P,3-0,,; engobe métallique rouge, à noir, - ' 
c;l;'~quelé , à l'in t., marbré à l' ext. 1 "bothros BD-AI;, 

_ . Le,rna IlIA (pre-filling)". 

" 
, fragment ,de bol à pied annulaire et lèvre fine 

1~6 

,vert:~ale, ,do 16, h.' 8,1;, 'pâte fine be~ge, " 
(7.5YR 7/4), ép. 0,5; ~ngobe noir craquelé à l'int. 

--r~ l'extd' '~bOthro~ BD-AI; ,Lern~ IIIA (p~e-filling) ~> 

L;ER 15 fragment de ,bol à.pied plat et lèvre' fine verticale, 
d. ,13, h.'S,'?; pâte fine be,ige, (7.SYR 7/4), ép.0,4; 
engobe 'nèir' craq'uelé, à' l"int. et l je.xt.; "bothros 
BD~AI, Lern~ ~IXA ~p~e-fillinq)". 

LER, 16 ' .. 'lèvr,e ·fine ve-rt'ida1e. de bol" (1'U sauCière), d., 16;, 
, , pi te ,fin'!, ,oran,ge.' (5YR '7/6) " ép. (J', 6;, èrigobe métal-

LER ,17 

liqQe à l'in,t,. et'l'ext.; noir,près, -du rebord ~1: 
rou~e p1u$ bas; "bothros BD-AI; Lerna IIIA 
(pre- fi lling) " • 

bec.' d tune saucière du type' I; 'pât~ semî fine b~ige 
(7.SYR 7/4}·,· ép. O,41.'enqobe itôir un, peu 'écaiIl.é 
à f' int. et ,1' ext;. 1 "HTS (79) l 'Lerna rIlA 
(pr·e ... fi Il;n'q),11 .' 

" , 

" , 

\ 
'r ,\ 

) 
~ec d'une saucière du type de transition 1/11; 
pâte semiflne beige (7.5YR 7/4), ép. 0,4; engobe 
noir méeal,liq~e à 1'int. et l'ëxt.; "30; Lern..=:a...:...::I=-=I=--;r:::"A----'---

LER 19 

(pre-filling) ". 

anse -horizontale (remontant léqèrement)~de sau­
ci~re, é.cartement des attaches en·v. 6(5;·pâte 
,aeI11ifint? beig~ à .. rose' (7.5YR 7/4-6), ép" '0,4; 

" 
l,' 

" , . 



. , 

LER' 20 

, , 

j' .. , " 

, '", 

,'l> 

, , . 

J 

enqobe n,oir métallique à l'int • .et'.l'éxt'.l,..saùf 
~Ô'U,8 l"anse,' n'30, joinin'g to 3,8; Le'rna IIIA 

\ (pre-f-i1Hnq)" ' 

anse horizontale (remontant léqèrement) de sau­
cière, éca~teme~t ~es attaches env. 4,31 pâte 
fine rOSé (SYR 7/4), ép. 0,3; surfaces enqobées 
~t polies~ jaune A l'ext. et bleu-qris à l"int., 
"H'1'5(80); Lerna IlIA (pre-fillinq) N. , • 

. , 

; . . -
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çéramique s de -la Salle XI ae la Maison des Tuiles de 

Lerne III' (fin Helladique Ancien II) 

LER 21 b'ec' d' une s~ucière du ~ype IV; fortement recou!;'b'é 1 

pâte ,s'eniigrossière jaune p~le (2.5Y 7/2),,' ép. 0,4; 
, i \ b' 

LER 22 

LER 23 

,LER 24 

• 
LER 25 

'LER 26 

,surfaces aplanles ma s pas engo ees. 

pointe droite du b~c d'une saucière du type I~, 
fortement recourbé;, pâte semigrossière rougeâtre 
(sYR 5/4,), ép.· 0,5; surfàc::es aplanies mais pas 

\ 

'.,engobées. 

an'se horizontale (relllo'n tan t lé gèrement) de sau­
cière, écartement des attaches env. 2 , 51 pâte 
semigrossièr'e beige (7.SYR ,7/4), ép. 0,5; surfaces 
grOSSièrement aplanies mais pas engob~es. • 

anse horizon tale (t'emon tant lé gèremen't) de saucière, 
écarteJDent des attaches env. 1,4; pâte ~emigrossière 
grise (N 7/0), bien 'cuite (ou brûlée) ( ép. 0,5; 
surfaces grossièrement ~planies, maiEf pas eng,obées ." 

fragment de, 'bol hémisphérique a~ec· pied ann ulai~e ' 
aigu (d. '3',5) et lèvre arrondie, d. 16; pâte 'se'mi­
gro,ssière gris-'br~tl (lOrR 6/2)'; ép. 0,4; stu::faç:e,s, 

marbrées en 'gris et bruns, mieux aplanies' à l'int. 
qu'à 1-'e,xt,., mais,~a~ engobées. 

fraçiment d.e 'bol peu profond avec pied plat et lèvre 
arrond~e, d'. 1,6, pâte semifine ro.uge foncée (SYR 6/6), 
ép .. 0,3-0,41 sur.faces mieux aplanies à l'int. qu,:à. 
l'ext. 

lèvx:e, arrC;l) die de bol "peu profond, d. 15,5: pâte 
gro~~iè'~e griS-brun (7.:sYR 7/1) contena'nt beaucoup 
d' incl usions an'gulail!es grisas, ép. 0,5; Isurfaces 
mie,ux aplanies, à" 1" int'. qu 1 à ,l"'ext., mais pas en-
gè~ées~J' ~,' 1\, \ ~ 

\ ' 

lèvre -Cl,égèrement épaissie à l' int.) de bol peu 
,-,profond, d.' env. 20;, pâte sem! fi~e gris~brun 

(l,pYR,6/3)!:- ép., 0(61 surfa.ces mieux aplanies à, 
'1 ',iut. qu,'à l"ext. ' , ,~ , 

lév're recourMée de- bol peu profond, 'do 15; -pâte' 
semlfine gri.se" (7/0), ép.' 0,4-0',5; surfaces 'en'90béeâ, 
en beige e't polies, lOYR 7/3 à l'int. ''et 7.'SYR 6/4' 
à 'l' ext. ' \ 

~é~r'e r~courbée,'c ~vec' bi~~au abrupte, de bol 'peu 
" (A A profc;lDd, ,d. e,nv. 12; pate semifine rougeatre (SYR .5/4) , 

ép. 0,5; s'urface.' mieux aplanies à' l,'int., qu'à l,' ext.. ,_ 
mais pas· engobée's. ' 

\" " . 

, ' 

, " 

't 
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ElIlprèin tes de Sceaux de la Salle XI de la Maison !3es Tui les 

, LER 31 

, LER 32 

'LER 33 

L~R 34 

'LER 3S 

.. ,~ 

1 

cachet d'argile conique, 1/4 conservé, -lo.m.c • .6,6, 
pâte peu cuite selDigrossière rose '(SYR 7/4 à 3/2) ," 
porte 6 impressions' d'un sceau dircul~ire~ ,do 2,7, 
répér'torié CMS V Nr. 56; au revers l'impression 
d'une c~rde e~tour~nt une chevill~1 inv. ~4.409. 

cachet d'argile discorde, 1/3 conserv~, lo.m.c. 
6,~1 pate pe~,cuite ~emigrossière rouge à pourpre 
(SYR 5/2 à 3/.4) J porte 3 impressions d,' un sceau 
cl'rculaire, d'. 2,7, répertorié CMS V Nr,. 56; 
inv. L4".4l0. ' 

éachet d'argile conique, 1/3 conservé, lo.m.c. 7,4; 
pite peu cui te sellli fine rouge-brune (SYR 4/1 à 6/4); 
porte 2 impressions de chacun de 2 sceaux circu­
laires, d. 3,3, répertori' CMS v Nr. 93 et d. 2,1, 
répertorié CMS V Nr. 94", au revers l'impression 
d'une corde-; inv. L.4.352. 

cachet d'argile fragmentaire, lo.m.c. 6,8; pate 
no'n cuite grossière ~rise à orange (5YR 4/1 à 6/7); .' , 
porte une impress ion d'un sceau circulaire, d. S,l, 
répertorié CMS V Nr. 86; inv. L.4.459. 

cachet d'argile fragmentaire, lo.m.c. 6,11 pâte peu 
cu~te grossière grise à orange (SYR 3/1 à 6/4); 
5 impressions d'un sceau c~rculaire, d. 2,B, ré­
pertorié CMS V Nr. 112; au' revers l'impression du 
col"d'un vase'-1une jarJ;8 ?); 1nv .. ,"L4.451. 
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Autres o~jets se rattacbant par ~eur'sty1e ~'la pha~e 
, 

He11adique Ancien, II, Cmai. trouvés -hors -d-e conte~te) 

tER 7 

LER 49 

fragment de la panse d'un p1thoSJ pâte grossière_ 
beigè C7.SY,R 7/4), grise CN 1;0) au c1!ntre,' ép. 
1,41 band& saillante à l'ext, la. 8;1, h. 0,3, 
décorée ~'un ~ceau cylin~riqu~-de deux rangées 
de spirales continues, entre lesquelles se- trouvent 
un chien, un autre 'qua!irupèdei èt un point, (CMS ,V 

Nr. 120)1 hors de ~a bande ~ l'ext:, engob~ l~ger 
noir mat; inv. L.1564(C). ~ Oes impressions ,du 
même sceau sont aussi conservées à Tirynthe. 
(M611er 1938, pl. XIX) et à Zygour1as (Blegén 
1928<, J?1. 114,6), comme 1 ~ a remarqu~ Caskey 
(195~, p. 206, et pl. 42c~e, .i l'aide d'a~tres 
tessons de ce ~ê~e pithos de'Lernel "Lerna IV, 
Area JA, western far~ o~ squa~e 27". 

é ' ' partie ant rieure de quadrupede en terre cuite 
;'o.m.c. 7,11 h.m.c. 6,1; p~te semifine beige 
,(7.SYR 8/4), surface l1sse, plus jaune (lOYR ~/3); 
aécoré ae traits dtengobe noir cra~uelé, inv. 

(H'l'S-4) ft. 

. -

~ 7.179. ReSSe1l1b1e _fortement à une figurine plùs 
,complète, de corinthe, H!' ,2270, "Phase C, bothr\ 

~ ___ ~~_ c_ ~-~~-,.. 
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:ceramiques peintes du, Néo,l;t. thiquè Moy:ell( trouvées :hors de 

co"ntejete dans la Sal'le CA de L.erne III)' 

L~R: 36 

10ER 37 

l.ER 38 

'10ER. 39 

frac;ment 'de paroi; pâte' fi."p'e" Cl-rïs-brun (7. ~YR 
6/3), ép. '0,5; sUrface$ polie!11 à l'ext. 1 traits 
en cont,rehachure en peintur.e, rouge à brune - (SYR 
4-'5/3) • 

fragmen t de lèvre simple ve r~i cale (trop pe ti t 
pour 'mesurer 'd.); pâte, fine" ()rang~ _ (7. 5YR B/6)', 
ép.' 0,5; engobe noir ~ul3t~é ~ l'int. ,et partiel­
lement à l' ext. 1 à l' ext.. _aussi _' des, trai ts ,la'r.ge s 
et de la contrehaèhure fine en ,peinture noire à 
brune., --

o , 
fr~gment, de lèvre fin~ v~-rt,ic,ale, (trop peti t pour 
mesuzer d.); pite fine ro~e (5ya ,'/6), ép. O~4; 
engobe rouge à ,1':ln t.'~ à l' ext., un tz:ai t hori­
zontal lié à 4 diagonaux ep ~einture r~uge. 

fragme~t de pa~oi; p'âte ,fine rose (SYR 7ï4) , 
ép. 0.,4; à l'ext., surface polie et' décorée d'une 
zone rouge et des 'traits-diagonaux en peinture 
noire; les couleurs sont marbrées (l'effet d~ 
f.eu?) • 

. LER 40' askos base; Room CA (EH' II); 
'~ype 1 (fla~) base rising ~symmetriqally:~o mid~ 
body h~ightl th. 0.3; polished yellow (lOYR 8/4 
to 8/6) slip outside, unp9lished inside i "j 

..:~- ___ ~ste: semif-ine, pale brown 7. 5YR 7/6 i sevex;al ' 
l ,-', verys-mall: 'fl'ait-es- é-f-2 _ sil ver mi ca. ' .. 0 
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" 

" 
'èérami-ques des premières c'ouches de Le~ne IV (Helladique 

Ànc~en III) 

LER 41 

' L~~ 4~ 

'1' 

LER 43 

L~R 44 

Q 

LER ,45 

LER 4.6 

tER 47 

tER 48 

" 

" 

-"" ... ',' .,. bol profond a; levx;e ,recourbeè vers l'ext. 'et (pro-
bablement deux) anses verticales dont une conser­
vée, d.' 18; pâte semifine' gris'e (lOYR 5/l),ép.,O,6, 
probablement fait au four .de' potier, d'après. les 
stries à l'int.1 surfaces polies; inv'. L.1354; 
Il (6'06) ". 

fragment de chope, 'conservant le profk complet de 
pied plat, lè'ITre droite, une anse Pl~~icél-le, 
d.' e,ny. 18, h. env. 201' pât-e ~emifine grise à rose 
(5YR 5/2' à 7/6)# ép. 0;~-0,6; couche l~gère d'en­
gobe beige à l'ext., sur làquelle 3 groupes,de 
motifs .linéaires e'n peinture rouSJe; inv., L.14'33; 
"(608)" • 

'fragment de l'épaule d'un, vaser pâte fine rose­
beige (7. 5YR 8/4), ép. 0,5; surfaces aplanies;, 
à l'ext., traits horizontaux et motifs "d'échelle" 
en peinture noir~ ou ~run foncé 'un, p~u lustré; 
"Area D, phase CV". 

,frag1nent de paroi ; pâte semi fine _rose~beige 'C 7. SYR 
8/4), ép. 0.,7; surfaces a"planj.es·; à l'ext" 5 traits 
horizontaux en peinture rouge~brun foncé (2.5YR 4/2) 

, , " 
dont 2 reliés par d,es barres de traverse; "Area D, 
phase CV". ~ 

fragment ',de, l'épaule d'un vase 1 pât'e semifine rose­
bei ge (7. 5Y,R 8/4), ép. 0,7; surfaces aplanies; à 
l"ext. 1 triangle en contrehachure partielle en 
pe:1tnture noi:r:"e'; ",Area D, phase CV". 

" , 
fragme,nt 'dCie paroi, peut .. être dl'!' 1'- anse d'une chope; 
pâte 'semifine rose (5YR 7/4), ép. 0,4-0,6; à 1 'ext., 
engohe léger 'b,run sous traits horizontaux et dia':' 
'i> ~ ., ...... 

90~ales,de peinture be~ge; ~Area D, phase CV". 

fragment de bol profond à lèvre recoùr~ .. e vers 
l' ext: 1 conservant une anse verticale, d. 20-; - .. 
pâte semifine beige grisâtre (IOYR 6/2), ép. 0,5; 
surfaces'polies; fait au tour du potier? (d'après 
les 'stries à l' {nt.); "Area D, phase Cv". 

fragmen~ d~'bol profond à lèvre recourbée vers 
l'ext'., d. 20; p'âte semifine grise (lOYR '5/1, 
ép. 0,5; surfaces pOlies; ~ait au four du potier.? 

" (d" après' les s tries à ,l' in,t. ); "Ar,ea' D, phase CV"" 
~ ... 

" 
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Céramiques du début cle, l ' A9'~ du Bronze Moyen (Lerne v) 

LER 51 bouteÜle !néisée ("flacon balkanique"), inv. L.Io'62; 
h.m.c. i3 (la lèvre manque), d. du pied Ph.t 5,5;' 
~ite semifine noire, marbr6e en rouge (SIR 5/4), 
brun foncé (7. 5YR 4/2), et gris (N 4/0); surface' 

LER 52 

LER 53 

LER 54 

, LER 55 

LER 56 

,ext. polie, incisée sur l'6paule avec huit pan­
neaux verticaux hachurés; "Area BE". 

r 
fragment d'épaule de bouteille incisée ("flacon ,,' 
balkanique"), inv. L~ l197ai h.m.ç. 9, lo.m.c; 16; 
pâte grossière (?) rouge (2.5YR 5/8) et gris'­
bfun (lOYR 5/2) avec surface ext. polie, grise 
(lOYR 4/1), incisée avec des triangles hachurés 
et une pa'rtie d'une spirale en creux; "Area BE". 

bau teille in ci sée (" flacon' balkanique") 1 irlV. L.lOSO; 
'ho 13,9, d. lèvre 7,2, d. pied 5; pâte semigrossière 
rouge (2. 5YR 4/6 à 8) avec surfaSCL e'xt. polie, , 
b,rune foncée (7.5YR 5/4), incisée en ,'traits larqes 
lvec quatre,g~andes spirales bo~d'es de pOintes et 
de traits .diagonaux; Caskey 1957, p. 150 et pl. 40d; 
"Area BE, Room 44". 

fragment d'épaule et de lèvre de jarre à lèvre 
évasée, h.In.c. 9; pâte semigrossière orange (env. 
7.5YR 7/6); surface ext. couverte d'engobe rose 
clair (7.5YR 7/2), peinte en gris foncé (5YR 4/1) 
avec des groupes de traits obliques entre bandes 
horizontales; d'après C. Zerner (communication 
personnelle 1979), "Dark-on-light Lustrous-~ecorated 
(MainlandLwar~"; "D(439) and (599)". 

, 
fragment d'épaule de jarre, h.m.c. 5,5; pâte semi­
grossière brune claire (7.5YR 6/4), faite au tour 
de potier; surface ext. beige (lOYR 8/4) couverte 
d'"engobe gris foncé (5YR 3/1) sauf entre deux 
nervures horizon tales; d' apres C. Zerner (commun~,­
ca tian personnelle 1979), "Light-on-dark Lustrous­
Decorated (Minoanizing) Ware"; "BD(VA)". 

"fragment d'épaule de jarre, h.m.c. 4; pâte -semi­
grossière orangè (env. ,7.5YR 7/6), faite au tour 
de" potier r Surface ext. couverte d'engobe gris 
foncé (sYR 3/1) sauf e.ntre deux nervures hori zon­
tales, où l'engobe est blanc (2.5YR 8/2); d'après 
C. Zerner (communication personnelle 1979), 
"Light-on-dark Lustrous-Decorated (MinC?anizlng) 
Ware"j "B(1476)". 
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4.6.4 ZY90U~_i~s 

'. 

.. .. . 

ZYG l rami s-headed sauceboat Z'-260 MK736 Snails ,East VII ... 
J 

~~I similat te type II sauceboats; rising horizontal 
handle, base probably form 4 (restored); solid head; 
àpplied eyes; 'applied hor.ns curve forward be10w them 
but do not meet; h. 9.5; 1. 15; w. B"'.2; th. 0.4; 
traces of lus trous black Slip N 4/0 inside and out~ 
pas~e: medium yel10w 2.5Y B/2; many subangular 
black, dark grey, light red, and beige grains up to 
O. 05; few whi te specks up to 0.1; 6 

Blegen 1928, pp-. 92-93 and Pl. X 

ZYG 2 ram's-headed sauceboat Z-35l Bouse of pithoi 

si.llar to type II sauceboats; level horizontal 
handle; type 4 (ring) base; solid head; .app1ied' 
hor~s c~me forward, meet~ng on top of' nose; no eyes; 
body. tWlsted; h.11.4; 1. Il.0; w.7.6; th. 0.5; 
b~'$e d. 3.2;, smoothed; 
pâste: semif~~gr~y-brown, varying . SYR. 5/2 to J./6; 
few white,specks up to 0.05; " 1 

Blegen 1928, p. 93 and Pl. X (ca11ed no. 251) 

'ZYG ,3 impressed sauceboat spout .' Z-569 ("from J") 

pfobably type II; th. c. 0.6; 'red-brown (7.5YR 7/4) 
slip, poorly preserved, inside and out; pattern of 
short impressed dashes outside, in rows 2, 3, and 4 
dashes wide; 
paste: semifine buff 10YR 8/3; few beige lime specks 
up' to 0,.,1; \ 
Blegen 1928, p.92 fig. 81 

. , 
, ' . 

" 

, " . '. .... 
• t 

.. , 
, 
, 

• l' 



" . l3S 

,) . 

ZYG 4 jug neck with,sauceboat mouth Z-2J8 ~747 
("stereo und~, House of Pithoi") 

tall neck opening slightly at top to a ",sa\,loebo,at' 
(Type 1) spout; restored strap handl'e from below 
back of lip to s~o Ider; neck d. c. 5.6; neck h.' 
16.5; peeling blac lustroua slip outsid~ and around 
lip, excep~ unde neath handle; two applied dots, 
inside back 1 ip to ei ther side of applied " worm' of 
flaring U-shape, 'and one dot (opposi te one not 
preserved?) on right side at top of handle; 
paste: medium pale yellow 2.5Y 8/2; many angular 
black grains up to,O.OS; severai flakes' of ?golden 
mica; 
SIegen 1928, pp. 93-94 and Pl. X 

ZYG 6 impressed pithos sherd . 
------wall sherd; th. 0 .9; band w. c." 6.5; band h. 
0; 2-0.3; smoothéd insidei thin br'own (SYR 3/2 to 
6/3) s~ip outsldei raised band of impr~ssed (rolled) 
decoration: spir~ls and ~animal cqasing prey": 
matches Lerna and Tiryns fragments (see sections 1.5 
and 4.4); 

'paste: coarse gr--ey N 7/0i Many angu1ar ,red, '?grey, 
'and beige grains~up to 0.2; 
B1~gen 1928, pp. 121-122" fig. 114 nO. 6; pin! 1975,./ 
p:397, inv. 504 

"ZYG 7 sauceboat spout Corinth 'Lot 7166-1 (Snai'ls .10-.40) , 

T.ype II; inèIudes front right part'of rim; 1ip is 
slightIy downturned, tip i9 high, 45 degrees; th. 
0.4; 'smoothed inside; sloppy smearea thin lustrous 
-slip outside, and inside tip of s~ut, varying bliack 
to red-brown'to orange; '. .;... ' 
paste: 'fine pale pink 7.5YR 8/3;- very few s1rbangular 
dark red and ' ligh~" red grains up to 0.05; very f'ew 
,whi te speckS up to o. (fS 

-ZYG, 8' sauceboat spout Corinth Lot 7166-2 (Snails .1'0-.40) 
( T , 

Type IIi includes rim to both sides; tips broken but 
probably. 45 'degreesi U-shaped trouqh; Iip 
downtur ned; th. O. 4'; good but thin blac k 1 us trous 
slip outside and inside spout and rim; ) 
paste: semifine pink 5YR 8/3; 'few white and bei~e 

'_" speoks up te;> 0.1; few light red and dàrk.red grains 
.. up to O~. 05 

, .. 
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sauceb.oat spout ~orinth Lot 7166-3 (Snails .10-.40) 

probably type II; i'ncludes rim and left ti-p; 45 
.degrees; th. 0.5; goo.d mottled light-:-to-dark' red 
{2.SYR 4/4 to 6/6), lustrouEf' $lip inside and out;, , 

'pa!i'te: semifine b1Jff 7.5YR 8/2; few,angular dark, 
_grey grains up to O. 05( few whi te speck~ 'up to 0.05 -

_ZIG, 10 sauceQoat spout Corinth Lot 7166-4 (S,nails ,.10- .,40) 

" 

type II; highish 60 degree tiPi' lip slightly 
downturnedi th. 0.4: thin orange to brown to black' 

'lus trous slip inside and out; 
paste: medium bUff-,7.5YR,8/2i severa1 beige specks>l;, 
up to 0.1; few dark r ed subangular gr ains up to 0.1 ' 

\ 

ZYG 11 sauc'eboat spout Corinth Lot ,7166'2..5 (Snai1s .1.0-.40) 
, 

may be type In'; botti tips broken; lip sharply 
dawnturnedi th •. 0.5i .thin pale orange (7.5YR 5/4 ta 
7/6)' lus~rous slip inside' and out; small 
(accidentally?) applied blob of clay axially inside 
spout; 
pàste: medium pale' pi1'\k 7.5YR "8/4; several, holes up 
,to 0.2 

" ' " . 

ZYG 12, sauceboat $pOut Corint,h Lot 7166~6 (Snails .10-.40) 

probably type II; one 45 degrée tiPi lip se~s not 
downturned; th. 0.5: thick crackled rustrous slip;. 
black outside, dark red (~.5YR' 5/4) insidei. 
paste: fine pale orange 5YR 7/6; no inclusions 
v.isible ,,' .. w, .( 

ZYG 13 sauceboat spout Corinth Lot 7166-7 (Snàils .10-.40) 
. ~~ q,.. 

probably type II; bath tips broken: slight downturn 
to lipi tp. 0.6; traces Of<thi~ reddish (.5YR 7/6) 
Slip insi~:~ and out; ." , ' ' 
pas~e: 'me91um buff 10YR 8/4; several subangular' dark 
~rey and park brown grain$. llP, to ,O. Ol~ few beige_ 
specks up ~o 0.1 / 

, ) 
, 1 ---/ -<' 

o 

,~ 

" 

. " 

" 
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'-_1 . 
t 

'v' . 
, " 

sauceboat 'spout Corinth Lot 7169-8 (Snai1s .10-.40) ,ll, 

probab1y type II; most1y r~ght tip, l'es,s than 45 
,degrees; tn. 0.5; worn crack1ed black 1ustrous slip ... 
inside ana out; l ' 

paste: 'senr~fine ~uff 10YR, 8/3; few subangu1ar, dark 
, .,gr ~y and sUÇanguîar peige gr ains up to &.05 

ZYG 1s, bow1 or 
.10L .40) 

saucebot~,b~:e Corinth Lot 7166 .... 9.,'(Snai1s 

~, ' 

" form 5 r (ring base), ,asymmet~ic; d. 6.0, th., 0~6; 
good· black and dark red mott1ed 1ustrous, slip 

.outside,; , 

.paste: ,semifine pink ,SYR 7/4; ·'few angu1ar dark têd 
, gr a~ns and whi te specks up to 0.1 

o 

.. '. 
ZYG 16 bow1 rim Corinth Lot 7166-10'. (Snai1s .. 10-.40) 

·offset 1ip, as form IV.2 bbt still mor~ pionouhced; 
'.. d. c. 12: th: 0.4; traces of ·crack1ed black 1ustrous' 

slïp inside and out; -
paste: . Jnedium-' pale' green 5Y, 8/2: seve~al beige 
spec~s üp to 0.1 , \ 

, " 

ZYG 17, ,bow1' rim Corinth Lot 7166-11' (Snai1s .10-.40) 

" 

ZIG 18 

"ZYG 19 

, , 

incurved, as form -III. 2 but wi ~ a 'car'inatiOrli d. c. 
13; th. 0.3-0.4; 1ustrous black slip, good inside 
but worn Qutgide; 
paste: fine pale gree~Ü;h 2.5Y 7/2; very, 'féw-beige 
speoks up to 0.1 , . 

bow1 rim, Corinth Lot i166-12 (S~ails ... 10-.40) 

form IV.2 (offset): d. c. 13; th: n.4; goo~ gloss1 
crackled black slip' ins!de and out, mott1ed red (10R 
6/4) in places; 
paste: medium buff 10YR 8/4: several rounded pale 
brown ~nd rounde~ 'light red .grains· up t'O ,0,.1 

bowl rim Corinth Lot 1166-13 (Snai~19-.~0) 
, , 

form IV .. 2 (offset); d. 11; th. '0 .. 5;' , good . black 
lus trous s~ip inside and out: 
pas,te: . semi,fine pink-buff 7. SYR 8/2: 'Severai 
suba'ngu1ar ,dark' red 'grains Upl ta O. OS: ver.y f-ew 
whi te s~cks up 'to '0: l " 

.. 

\ 
\, , 

, '. 
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, 

~YG 20 ,bow1 rix.n' Corint'h ~ot, 7166-14 (Snails '.10-.40) 

, • ..J, 

, i 

, , 
form ltI1.2 (incurved); d.14; th.' 0.4; worn, r~d 
(2.5YR,6/6) ,lustrous s.lip on 1ip' inside and out; 
paste: semifine Guff 7.5YR 7/3; few subangular 1ight 

. red grains' up to O.OSt few white sp~cks up to 0.05 

, \ 

sauceboat s'pou~ Çorinth Lot 7'166':'15' (VIII bothros) 

probably type, I; rounded troughL tips just over 90 
degrees; 1ip curves gradual1y; w. 4.5; th.'O.4; good 
crackled Matt black slip inside and, o~t; 
paste: medium buff,lOm 8/2; 'sev.eraf rounded light 
red grains up to 0.1; few subangular black gralns up 
to 0.1; few bëige specks up to 0.1 ' 

, 
ZYG 22 sauceboat spout Corinth Lot 7166-16 (VIII bothros) 

- only trough' preserved, curvlng gent1y to". ;Lip; th. 
0.6; good black 1ustrous slip insid.e and o~t", 
crack1ed outside only; 
paste: semifine buff 10YR 8/3; few subangular black 
grains uP,to 0.1; very few white specks ,up te 0.1 

ZYG .23 saliceboat. rim Corinth Lot 7166-17 (VIII bothros) . 
type ind.; rim to ,left of Spouti th. 0.5; g~od 
crackled lus trous slip" black outside ~ red ,(10R 
5/6)inside, changing to black at spou~ end; 
paste: semifine pink t.SYR 7/4; few white ,specks up 
to 0.1; few angular dark red grains up to 0.1 

ZYG 24 . ?sauceboat base Cbrinth Lot 1166-18 (VIII bot,hrOs) 

form 10 foot (splayed); d. 
tenuous 1ustrous slip inside 
to brown to "\red; 
paste: meùi~ pale .brown 
subangu1ar black g~ains up 
dark red gr,ains up to 0.05 

6.5; th. 0.1# thin but 
and out, varying black 

7.5YR- 8/2; several 
to O.li few subangu1ar 

; , 

,~ . 

1 ,. 
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, ) 
bow1 profile ~orinth Lot 7166-19 (VIII bothros) 

slightly ,incurved rim, as form 111.2 but 1ess 
pronounced; <form 5 base, d.c. 6; rim d. Il; h. indn-.-."Jc------'----.. --­
th. 0.4; 1ustrous slip: inside, black turni~g 
si1very and' glossy (overfired?); outside, crackl~d 
and mott1ed black to dar~ red, peeling in p1aces1 / 

, . , paste: semifin,e pink 5YR 8/4, few angular dark ,red 
grains up to 0~05; very J;ew ~èlige specks up to·O.OS, 

,) 

~YG· 26 . bowl rim Corinth L?t 7166-~0 (VIII bothros) 

, 1 

, 
,';orm VII.6 (sha11ow, s1ight1y thickened inside): d. 

" '2~; th. 0.4; good lustrous slip, red inside, black 
out~ide and around 1ip;'-

·paste: semifine pink SYR 7/4~ several beige specks 
~p to 0~Ù5; s~veral abgular red grain~ up to 0;01 . 

1 

ZYG :27 bow1 rim Corinth Lot 7166-21 (VIII bo;thros) 

form 111.1 (grad)lally' inéurving);' sma11 lug at lipi' -
d. 16; th. 0.5; gOGd crackled lus~rous red Slip 
inside, mott1ed red to black outside; 
~aste: medium grey to,pink SYR 6(1 to 7/4; several 
beige spe,cks'·up to 0.1; few subangular dark grey 
grains up to 0.1 

'ZYG 28 lad1e hand1e Corintll Lot 716,6-22 (VIII bothros) 

, ' 

, ' 

toroidal loop, tapering tq'join; m.p~l. 6.3; w. 4.0; 
th. 1.0-1.2; gQod crack1ed .lustrous slip " varying' 

'black to red; '., 
paste: fine ·pink 5YR 7/3; few'holes .up to '0.1 

\ Q J 1 

ZYG, 29 lad1e handle Corinth Lot 7166-23 (VIII bothros) 
, . ' ~ 

stubs of ,loop 'at'tached ,ta . shaft; 'tl'i-.' 1. 2-1. 5; 
crackied .l,'u~trous black 'slip~ a bit worn; 
paste-:' ,:semiffne buf·f 10YR 8/3; 'few angular "black 
gr~ins·up'te ~.05 

, ~ 

ZYG ~O '.·ladle h~ndl~ 'Corinth Lot 7166"'24, (VIII bothros) 

, b> .C!vai~ l~p,· ~ al' ~nd of shaft;' th.. 1..1-1. 6; ,thln' 
. c,ra~kl:ed, lus trous slip, dark brown (lOYR 3/2) to red 

(lOR 5/6)·, 
paste: semifine buff 7.5YR 8/2; few white specks up' 
to 0.1 - , , 

l 

J '. 

(~ , ' 
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, .' '4.6: 5,' Phliolis- , - , 

lmL 1 animal hegd ' Ph-p-SO . 

~HL 2 

PHL, ,3 

\ C./-_.-:~ 

~==~ 
t~per~ng cyiinder (perhaps a ~andle); at smal1 end, 
t~o ,'ears', poi.nt, , in one direction, and a broken 
',snout l tn ~the oth~r~ m~ p~ 1 1.' 5.81 d. C. 1.~; thin 

'worri red ,(2.SYR 6/4) slip;. ' " . 
paste:: fine, gr~y lOYR 6/l~ very few dark grey 
1àubangu1ar.grains 'up to 0.01 , 

, Siers' 1969; p. 4,56 and' Pl. 118 no. 7S . 
, " 

Ph-p-59 ' 
1 1 

" fl~ttene~ cflin:der" 'r~und,éd" at hantUe end, opening 
.to bowl ' :at- ot,her .end; ,m. p.- 1. c.' 17;, d. {handle 

. end) 1;8-,.2. O~; thJn brown (7. SYR: 4/2)' ,sl,ipi 
paste: fin'e buff-:-pink 7 •. SYR 8/6 ~ vèry few dark red 
'angular gr'ains up t.o 0.1; " 
Biers 1969, p, 1s~ and Pl. 117 no. 52 -, , 

fi' •• 

~p-p-6'O_ a 1 
\ . lad1e sh~ft 

--. - \ ~X ~ 
flattened cylinder; ,b~ginning of bo.w1; section' 3.,1 .. 
by 1. 6;' m. p ~ l". 8:7 ~ worn .1us1:rous black . (~ 4/0)',t. 
Slip; . , , , ~ 

pastè: s.emiti'ne 'buff ,10YR 8/2; few ,dark' g( ey' ~nd J 

dul1 red sUbangular, grains up ,to 0:05, ' ' -'--
Biers 1969, p. 4S~ and Pl. 117 no~, 54 . , ..... , ;\ 

~' 
• c , 

1 

o 

l' 

, , 

, PHL 4' laclle h~~d:i~ . -'Ph'-~-~2 " ~ 

, , 
- 1 

't9roidal loc;>p; m. p-. 1. c. 6.0~ 'w. c. '4~ shaft:,< 
section 2.0 by' 1.1;: hole d. 1.1; thin -l'us trollS' b\-,OWA 

, (7~SYR -6/3) slip~ ," ". _ ~ 
paste: - coarsë pale green Sy 8/1; - Many 'dark grey 
angular ~iains ~p~to 0.1; 
,Biers 1969~ p. 454, and Pl. t'l7 no. 53 

,'. 

l'HL 5 ladle handle Ph-p-61 .. 

toroïdal loop, tape'ring to join;' m. p. d. 4.0; th. 
1.6, tapering 'to 0.9;, tra es.of lustrous crackled, 

. black sI ip~ 
paste: 'semifine pale green S'ii/l; few datk grey 
subangular grain~ ta O. OS; -, \~ 
Biers 1969, p. 454 ànéi

tt 
Pl. 117' n.o.--, 55, " 

r'l;<' 
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~L 7. bow1 rim Ph-p-65 i 

. , 

form III~2 (incurvi~9)1 d. è. 
black slip inside and out; 
paste: medJ.um buff 10YR 
ElaclC-grains up to 0.1: 

l8J th. '(l.S, lustrous 
~ 

8/3; sever al subangular 

Biers 1969, ~. A54 a~d Pl. 116 no. 48 
/) , 

PHL 8 saucebo~t s~ut Ph-p-69 

PHt 9 

'probably Type III; th. 
inside; 
pas te: medium green 5Y 
gre~ grains up to 0.1; 

0.5; worn lus~ous black slip 
, 

7/31 several subangul'ar dark 
Îew white speçks up to O~l 

, , , \ 
bowl or s~uc~boat'base Ph-p-68 

form,9: d. 7; "th. 0.9; red (2.-5YR 574) slip inside 
and out; 
pas te: semifine buff 10YR 7/3; few dark grey and 
dark red subangular grains up to O.li several holes 
up to 0.05 

oS • 

~ 

,1 

paL 10 sauceboat sherd Ph-p-74) . 

probably near ',rim; th. 0.3;' crackled 'lustrous red 
(2.SYR 6/6)1 s~ip outside; inside; hatched shapes 
(tr iangles?) ip cr ackled' lus,trous ,black sI ip; 
b~9inning of zone of splid lustrous brown sl~p on 
one corner 
paste: fine buff-pink 7.SYR 8/3i few white specks up 
to 0.05; 
Bier~ 1969, p. 454 and Pl. 117 no. 56 

, .. , 

P'HL,' Il sauceboat rim and handle ' Ph-p-76 

type II; long horizon~al.loop, prob~~ly ~aised; span 
c. \6; handle d. 1.2, wall' th. 0.'4; crackled -lustrous 
black slip inside and out; 
pas te: medi um gr ey-gr een 2. Sy, . 7/2; sever al 
subangular dark grey grains up to 0.1; 
Biers 1969, p.453 and Pl., 116 no. 38 

'" 
,. .. 

l ' 

"~ 

'\ 
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PHL 12 sauceboat rim Ph-p-77 

type ~nd.; portIon of' 'Qowl to 'left' of spout; th. 
0.4-0. Si slig,htly crackled lustr'ous black slip 
inside and out;' , 
pas'te: med:tum gr'een G. 5Y' 8/2; Many sLibangûlar black 
gr~ins up te 0.05; several subangular grey, grains up 
to 0.05; few white specks up to 0.05; 
Biers' 19'69, p. 453 and Pl. 116 no. 4{) (but' -his " 

1 • ,concordFlnce, no. 39) 
\ ' 

f' 

PHL 13 bowl' or 'sau~èb6at basé Ph-p-78 

----f-erm 9; -di 5;. 'th. '0;5; crackled ;Lus trous- biack slip 
inside and out, except beneath base ring; 
past~: ' s~ifin~ grey-green 2.sy 7/2;' sev~ral 
sUbangular dark grey'grains up to 0.05: 
Biers' 1969, p.4S3 and Pl. 116 no. 39 (but his 
concorftance no. 40} 

.rt _ 

paL 14, loomweight' Ph-p-79 

. , 

PHI. 18 

PHL 23 

truncated, slight1y bulg~n9 cone; n. 4.3; d. 5.0 at 
base, c. 2.5 at top; hole d. 1.0; smoothedj 
paste: semifine: mottled orânge surface; 'grey N 5/0 

'core; many stalk impr~ssions ' ,up to 0.3 long; few 
roun.ded beige gr ains ilp t9 0'.1,; 
Biers 1969, pp. 456'-457 and Pl., 118 nO. 77 ) 

ladle ~andle .~h-p-83 
, ' " .' , -l' , 

oval loop; lU. ~. 1. ,5~6; w., 4\~4:; th .. 1.7, taperi-n9' '.' 
ta 1.0; crackled 1ustr,ous black 'slip e.vèr~h~~e;, " -
paste: medium ~yel1ow 2.5Y-8/3, several angul,ar black' 
grains'up ~o 0.1; , 

,Biers 1969, p. 454 and Pl. 116 no~ 43 

bowl or sauceboat base, .Ph-p~88 

intermediate betwee~ form's 3 and 4; d. 8; th. 0.6; 
crackled lus trous black to dark brown slip inside .-
and out; _ 
pastë: medi.um pink' SYR 8/3; several' beige sp~oks up 

,to 0.1; several whi'te ,speeks up to 0.05: 
Bie~ 1969, p.4s4 anq Pl ll~ ,no. 51 

1 

,1-
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probably type III J. double vertical handle attached 
just below lip; w. 1.5; "spah 3.,2r th; 0·.5; crac~led, 

, 'lus trous black slip e.verywhere;o, 
pas te: semifine pale yellow-gr,een 2. 5~ '~/2-;, -few 
beige specks up ta 0.1; , " 
Biers 1969, p.453 and Pl. 116 no. 41 
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4.~.6 KeramiQh~ki and Corinth 

,KER' ,1 ?jar handlë Corinth Lot 7l64-i 

, ' 

strap handle attaeh~d ta wall; w. c. 8; th. 0.6; 
paste: medium 5Y' 8/3 (Cherry fabric -1); . sevè~al 
angular black grains up .to 0.1 

KER- 2 bawl rim Çorinth Lot 7164-2 

forro V.S; d. e. 40; th. 0.7;' brown (7.5YR 5/4) 
lus trous slip in~ide; 

-paste: medium 2. 5Y 8/2 (Cherry 'fabr fe . 1); many 
~ngular black grains up to 0.05 

KER 3 jug rim and handle Corinth Lot 716.-3 

form XV :1; round' Ctwisted rope?) handlei Çi.~ c •. 8; d. 
nandle c. 2; th~ 0.7" ' ' , 

, , 

)J paste: coarse 5Y 8/2 (Cherr'y fab'ric. 'l) ; 'many apgu.lar 
black grairis up to 0.1; few 'white specks up ta 0.1 - . ~ 

'. 
)ar rim and handle Co~iQth Lot '7164-4 KER 4 

, 
KER 5 

KER 6 

, . 

, ~ 

for'm Xlb.l; ho.rizontal strap bandle; d. c. 2'01':th., (, 
0.6; handle w. c. 3.5; 'smoothed; , 1 

paste: medium 2. 5Y8/2 (ChefrY. :fabric 1) ;"' sevèral 
angular I?lack gr ains u,P to 0.1 .' , ' 

, 
hand1:e ' Corinth' Lot . ?jar 7164-5 

st(ap handle'attached to-wall; th. 0.6; . - , , 

pas te: , medium 2.5Y 8/2 (Cherry fàbr lC . 1); màny \ " 
angular black gr ains up to 0.05;. few 1i,gh,t- gr,et 
grains up to 0.05 , 

?bowl base Corinth Lot 7164-6 ' ~ 

form 1 (flat)~ d. 5~ th.'O.S-0.7; smoothed.insidei 
lustroua bla6k (lOYR 5/1) slip,out~ide; 
paste: fine Z.5~ S/2' (Cherry fabric 1) ;·'very .few 
white specks up' to O~l .' " 

- " 

.' ' 

, ' 
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.' ' KER 7 base 'of bowl or sat}ceboat Cdrinth J;..ot 7164-7 ' 
" 

form 9 (ring base); d. 4.5; th. U.3-0 • .5; lustrous . 
black (lOYR 4)1) ihside and out ,'.,except be'neath' base 
ring; . ) ~ 

paste: fine 2.5Y 8/2 (Cherry tabric 'J,): very fe~,'-' 
beige spec,ks up to' 0.01 ' , .. . 

> " 

'KER' 8 bowl rim Corinth Lot 7164-8 

form 1II.4 (incu'rved)'; d. 13; th.' 0 .. 5; ,lus trous 
black' (lOYR 5/1) sI ip inside 'and out;· , 

'paste: semifine ,10YR, 8/2 '(Cherry 'fabric 2); few 
beige' specks ~p, to· 0.05 

KER 9 saucebOat rim Corinth Lot 71'64-9 

~ 10 

KER Il 

probably type II,; includes part of' hQrizoritiù, 
handle; th. 0.'4; crackleq lustrous Slip inside an!iJ 
out, varying red to black '(SYR 6/3 to lOYR·4/1) ~ 
paste: fine 10YR 8/3 - (C~eiry fabric' , ~); very few· " 
white specks up to 0.1 

s~uceboat rim Corinth Lot 7164-10 
,-

probab1y type II; includes part of horizo'ntal 
handle; th .• 0.4.; lustrous. slip inside.' and out' 
(except under handle) 1 varying red t.o black (5YR' 6/3 -' , .. ,}. 

,to lOY~ 4/1); . , 
paste: fine 10YR 8/3 (Cherry fabric 2), no 
inclusions visible 

Corinth Lot 7l64-11 ... ' 
pas,e of bowl or saueeboat 

. 1 

form 9 (ring base); d. a; th. ,0.4-0.6;' crack1~d '~': " 
., .1ustrous dark brown (lOYR 4/2) slip inside and out, _ 

except beneath base ring, where there "are r~rido~ ~' ' 
dabs; worn on inside at bottom; 
paste: fine 7. SYR 8/3 (Cherry fabr ie 2) ~ very few, 
white and beige specks up to 0.01 

KER 12 bow1 base Corinth Lot 7164-12 , 

form 1 (flat); d. 8; th. 0,.3-0.6; 1ustrous Slip~ J 

brown (1.5YR 5/1) inside and red {2.5YR'S/6)Out~ide;' 
paste: semifine 7.5YR 7/4 (Cherry fabric 2); fe~ 
beige and white speckS up to 0.1; few roundéd 
trànslucent grains up to 0~.O~5~-

, , 

----~--_I'~,I,---------
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KER 13 base of bowl or s~ucéboat -Corin,th Lot 7i64-13' 

'type 10 (ring base) l' d. 5; th. 0.4-0.5; red (2.5YR 
6/6~ slip inside and,out, except beneath base ring: 

- 0 paste:' fine 10YR ,8/3 ,(Cherry fabric 2) 1 few beige 
-' specks up to 0 .. 05 

KER' 14" bow1 rim Corinth -Loi; ,7164-14 

~orm III.~ (inc~rving); d. 12; hh. 0.4; worri 
lustrous black (lOYR 4/1) slip'inside and qut;· 
paste: fine 10YR 8/3 (Cher'ry fabri~ , 2) ; r very' few 
beige, ~nd whi te, specks up to 0.1 ' . ' 

"KER' 15' sauceboat' spout' Çorint~ Lot '7164-15 
" , 

re1ative1y open trough '(type, ];?): th. 0.3: cr~c:k1'ed 
~ us,tro~s black (lOYR 51.1) sI ip inside' and out 1 
past.e: ·fine 10YR 8/3 (Cherry fabric 2): very few 

"beige specks' up to 0.05 ~ 

KER 16 sauceboat, rim Corinth Lot 7'164-16 
v , 

type inde i ' near Spouti 
\ 'red-brown (SYR 5/3) slip 
past~: ,'fine lOY'l;l, 8/3 
inclusions visible 

, . 
" -
J CI .,. - 1 

, -

th~ O~31 prack1ed lustrous 
ins ide and out; 

(Cherry, fabr ie 2) : no , ' 

KER 17 sauqeboat spout.,. Corint'h LO,t 7164-17 c 

, , 
" 

1 

broad, 'open spout :(Type I?); th. 0.3: lus'trous black 
(lOYR 4/2) slip inside ànd out: 
p,ste: fip. 7~5YR- 8/4 (Cherry fabric, 2); no 
inclusions visible 

'KER' lB sauceboat spout Corinth Là, ~164-lB 

. l',:' - '(., ,'," 
>''' ... '- L ~. '. - " 

Type II; th.- 0.3; lustrqus ,dark red-bro~n (5 to 
7.5YR 5/2) $lip inside and' out: 

6, . ,pas'te; fine lO~R 8(3 (Cberry f9br ic, 2) : fei beige t.. • J ' ! ,1 <. 

, ' 

, -.( > 
, , 

'. 

, 
, . ' 

, 
, ... ~ , 

, 'speéks up tq 0 .. 05 " ;î 

, 
() 

, 
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KER 19 bowl rün Cori·nth Lot 7164-19 

form VI.6;. d. c. 50, th., 1.0,. red (~OR 5/6) slip 
inside and on top of rim, 

-tpaste: coarse 5YR 7/8 (Cherry fabric 3);. many grey, . 
brown, . and dark red angula1= grains up to 0.2 ·f 

KER 20 bowl rim Corinth Lot 7164-20 

torm VI.S; d. c. 40~ th. 0.9; .. red (lOR 6/6 slip 
. ins ide and on top of r iIlU-~ 
paste: coarse 7.5YR 8/3 (Cherry fabric,3) ~ many 
grey, brown, and dark red angu1ar and subangular 
grains up to 0.2; several white specks up to 0.1 

0' 

KER 21 jar rim Corinth Lot 7164-21 

form XIa.l (f1aring); d. c. ~; th. 0.8-0.9; 
,gaste: coarse lOYR 7/4'(Cherry fabric '3) 7 many 
angular ,and.subangular b~own, 'grey, and dark red 
grains up to 0.2 

KER 22 "ladle shatt Corinth Lot 7164-22. 

rounded rectangular cross-section; w. 3.0-4.0; th •. l 

i 
" 

l 

" 

, 
4 .. 

~ . 
0 

! 
i 

" 
, 

~ 1 
j 1 

'" 
1 

1.5; smoothed, . . j 
'paste: coarse 2.SyR 5/6 (Ch~rry. fabric 4i: many 
subàngular 'and roùnded beige, gr ey, and dark re~ 
gr a'ins up to 0 lÀ! . . l 

KER 23 ?fire-dog'leg Cori~th Lot 7164-23 

one right angle preserved; th. at 1east 3.0; 
smoothed; 
paste: coarse SYR 7/6, crumbly (Cherry fabric 4); 
many angular dark grey grains up to 0.1; several 

. very fine stalk impressions_. 

KER 24 'wall sh~rd Corjnth Lot 7164-24 

• 

" 

perhaps from' large bowl; one . edge thic·ker; - th. 
~.3-l.6; smoothed inside and out; 0 0 

paste: coarse 2.5YR 6/6 (Cherry fabric 4);. many 
angular and subangular white, beige,,-:Wrey,~ and dark 
ted grains up to 0.2 

" . -_ .. -.=------------- :/._~_",_J __ 

, , 
't 
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KER 25 

,r , , 
, r 

..;./ ' 

. 
wall s~eid 

J 1 

Corinth Lot 7164-25°' q _, .... "r r 
-' ... 

,th. 0.8; smoothed;. 
paste: coarse 5YR 6/2 to 6/4 (Cherry ~abric 4); Many 

, angular dark grey and d'ark red g~ains up to 0.2 , 

KER 26 ~a11 sherd Corinth Lot 7164-26 

perhaps a' pithos neck or a ·fire 
1.2-1:4, one side smoothed~ 
paste: very cparsé SYR 5/6, cr~bly (Cherry fabric 
4): very Many angular dark" grey and dark red gr~ins 
up ta 0.2 . ' 

o 

" 

'KER 27, ?fire-dog fragment Corinth Lot 7164-27 

" 

D 

.. 0, 

" 

! 
J 

, 1 

.,._'-' ~--~ 

two relatively fIat surfaces ~Imost paral1el; th. 
2.0-3~O; fIat surfaces smoothed: 
paste: coarse grey 7.SYR 5/1, crumbly ~Cherry fabric T 

S).i many angular grey and brown grains upoto Q.2 

KER 28 wall sherd Cqrinth L?t 7164-28 

th~ 0 .7f:" inner su,rfiiiCé smoothed, outer one seraped; 
p~ste: COarse 5Y~ S/l,to 5/8, crumbly (Cherry fabric 
S); Many subangular, and r~unqed beige and grey 

, gr:ins up, to 0.1 ) , . . == 
• ' 'il 

KER' 29 wall sherd Co~inth Lot 7164-29 
, ' 

,t,h. 0.9--:1.0;, smoothedr 
. paste: coarse 'lOYR ,7/2, very hard (Cherry fabrie 7; 
. mise.); many iiingul:ar. and subangular gr ey ~ gr ains up 

ta 0.1: ! 

KER 31 ~bowl base Corinth Lot 7164-31 
,\ 

,form 1 (fiat)'; , d. c. 30; th. O.S..,O.fh sÏnoothing 
... marks outside;' smooth inside; " 
paste: mediwn. pale 'green jY 8/2 (Cherry. fabric l); 
several beige speeks up to 0.2; several ~hit~_specks 

, , up t'a 0.1; fewangular blaek grains u,P to a~l . 

, . 
. , 

" 

i 
1 , 
i 

1 
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l 
. ( 

... 

\ 

• 1 

, r + ' 1 
,', ) ,1. " \ 

,J 

~~.......--';--+-___ ,. ~_---...:.. .. ',---..:~..:......--" _ ,-__ ---:--____ J 
.. ' ~_' _' _: __ 1 .Jj_. __ ~~ ___ ~ .' 



, , 

. , ' 

l 
. ~ [," .. -

, , , 

1 
1 
1 
1 

l, • 

. ' , 

1 
1 

149 

" 

. KER' 3,2 . j~ar rim Cor~nth Lot ',,16!i-32 
\ .' ~ . 

form, Xlb.l, preser:Vèd to shoulder;' d.+4i· th. O.6~ 
traces ot' ?brown slip outside;, J .' 

paste: medium yel.Iow-butf 10YR 8/2 .(Cherry fabric 
1); several dark grey ângülar grains up to-O.l; few 
beige ana few white'specks 'u~ ·io 0.1 

KER 33 jar ha~dle Corinth Lot 7164-33 
. , 

round handle flattening to strap at join to 
shoulder; "handle d. '1.8-2.0; wall th. 0.6; beginning 

", . of twis-ted-rope incision at broken end of handle; J • 

" 

\ . 

paste: semifine yellow 2.SY 8/3 (Cherry fabric 1); 
few beige specks up to 0~2 

, , 
" 

" "~R'34 bowl or 's~ucebclt bas'e' .CQrinth Lot 7l64~34 
". " . 

, " 

KER 

KER 

35 

36 

. 
form 6, (ring bas.é).; d. 5.si wall th. 0.4; +ust-rous 

. black (lOYR~ 5/2): .slip ;nside ',(worn at bottom) and 
outside around ringr l', ' 

paste: medium buft 10YR 8/3 ,(Cherry. labric 2); 
several. dark grey . gr·ains.iJp to 0 •. 1; few ~f'.rk brow.n 
grains up to 0.05 ..., 'c' 

bowl or! ~~auceboa t base Corinth Lot 7164-35 
"'-;'--- --

form 5 (ring base) ; d. 4.5; lustrous slip, varying 
black (5YR 4/1) to red (2.5YR 5/6) inside and'out; 
paste: f-~ne , var":{ ing 7.5Y~ 8/4 to 10YR 7/2, soft 

/ ' 
(Cherry fabric 2); no inclusions .'vis,ible 

o 

1 
,. 

.' 
Cotinth Lo~ .7l64-3( saue'~boat ,.h~ndle' 1 , .. 

horizontal round handle att~ched 'below rim; bandle 
d. 0.9; wall th. 0.5 lustrous' slip- insidè)and out, 
varying through brown (5YR 5;'3) arid black (N 4/0); 

) paste: semifine, buff 10YR 8/3 "(Cherry fabr ic 2); few 
holes ,up to 0.1 f .. 

·KER 37 bow1. ri,m Corinth Lot 7164-37 

• 

, 
form VI.6 (thickened), with 'collapsed loop' handle, 
al~ost a lug, at lip; d. c. tOi th. 0.9; red (2.5YR 
6/6) slip inside and on top of rim; 
paste: coarse buff 10YR 8/3 (Cherry fabric 3); many 
dark grey and dark brown angul.ar grains up to 0.1; 
several white specks up to 0.2 

1 • ' •. ' ~ 

, ............ ~ 4 r" .. 
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JER 38 

fotm 
.lip; 
and 0 
pa:;> te 
dark 
0.2 

Corin'th Lot 7164-38 

- .,;;,.., 

-'" 
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1.5 ,(thickened) " wi th a rudimentary lug at_ .'the . ·C" 2-5;' th.' 0.8;' -red (2.'5YR .4/6) slip inside 
t op of .r im; ~ , ~ 1 
coarse 'pink 7. 5XS. 7/4 .(Cherry fabric 3) i many 

ed angu1ar gr ai~s up to 0.2; Many ~oles ~p to 

''''lIJJ~:'ragm:~ Corinth ~~t n64':'39(' r '~, 
vertical ring) base fram large'dpen vâse; d. form 7 

, 'c. 20, 
p~ste: 
fabri 
0.1; 

h. 1.0; red lOR 5/6, slip insidè: 
edium buff 7. 5YR 7/4 to 10YR 8/4· (Cherz.:y 

3); several dark grey angular ,grains up to 
veral to/O.l, 

'. 

KER 40 jar ·or as,kos r im Cor in 7164-40 

form Xlla.,l (straight) ,d. Il; th. 0.5;' " 
"paste: coarse pink 6.7SYR 7/4, hard '(Cherry fabric' 
3):. Many dark grey and dark brown angular grains up 
ta 0.1; se~eral white specks up to n.l 

, . 
, " 

/ KER 41 'bowl rim, Corinth'Lot 7l64~41 
/ 

(2.5Ylt 
J 

straight (form VI.l?); d. c. 25; th. 0.6; red 
5/6) slip outside; 
paste: medium buff 1.5YR 7/4 (Cherry fabric 3); 
several dark red subangular grains up to 0.2i few 
dark grey and dark brown grains up to 0.1; 'few holes 
~ to 0.1 : 

rim Corinth Lot 7164-42 

form VI.6 (thickenéâ), with 'colfapsed loop' handle, 
almos~ a lug, at 1ipi d. c. 50; th.l.0-l.2; ~ustrous' 
brown, (7.sY:R .. 5/2) slip inside; 
pas te: medium buff 10YR 8/3 (Cherry fabr ic 3a); 
several dark grey and black angular grai~s\ up , to 
0.2; severa1 white specks up to 0.1 "', 

KER 43 jar rim Corinth Lot 7164-43 

form· XIVa.l (flaring); d. 13; t.-h. 0~,8; 
paste: very coarse 7.5 to lOYR 8/4 (Cherry. fabric 

- 3b); many dark red angular grains up to 0.4'; few 
white specks up to 0.1 

---'-Tl --~--------- r---; 
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KER 44 ?bowl base Cotin,~h 'Lot 7i64-44 

" 

. K.ER 45 

f' 

o , 
, ' ~ I~ 

,fqr,m .\1' :(!lat) base of large open vase d. c. 10-20; 
, li. r 1. '3-1.5; smoothed ins ide and out:; 

asrte: ,coarse red 2.5YR 5/6 (Cherry fabric 4); Many 
ark grey-brown angulàr grains up 'to 0~2; few white 
pecks up to 0.1 

aking pan spout ~C?rinth Lot 7164-45 
" • 1 • 

)
'r ~m-to, base ~ection 'of bakri~g ~an at pOint w'here rim 
d1ps; th.l.O-l.S; smoothed lnslde; ~ 
paste: coarsè, surface' 7.5YR 6/4, core 10YR 6/1 
(Cherry fabric 5): ~any rounded dark grey grains, 
'(sand?) up to 0.1; sev.eral white specks up to~O.l 

/" 

, , , 
" , 
" 

KER .ï6· ?bowl ~im Corinth :t.at 7164-46 .. ! 

.,. 
'. ' 

farm VI.7 (T-rim) fram large bow1 or pithosi 'd.' 
greater than 50; th. 1.2-1.4; 
paste: very caarse, surface 7.5YR 8/4, core ·N 7/0 
(Ch,.e,rry' fabr'ic 6); very mariy angular dark grey 
gxains up to 0.2 -

. 
KER 47 ' ?j'ar hand~e Corinth Lo't 7164-47 

, 
,J. round hand1e of 2-coil twisted-rope type attached to 

lip'o( jar or askos (rim form XV.l); handle d. 1.9; 
rim th. 0.7: ' 
paste: cèarse green SY 8/3 (Cherry fabric 1); maoy 
subangular black grains up to 0.2 

KER.8 spout fragment Corinth Lot ,1164-48 

~alf of spout and part of ?rim, perhaps from 
'feeding bott1e'; th. ,0.5; spo~t d~ c. 2.5; . 
p~e: coarse buff-yellow lOYR 8/~, soft (Cherry 
fabri~_ 1); Many subangular black grains up. ta 0.1; 

~ sever~ angular grey grains up to 0.1; few whi te., . ~ .pe:~~l up te 0.1 .. 

tœ~ 49 --.]at shoulder Carinth Lot 7164-49 
, ' 

th •• O.7-0.9: vertical smoothing marks outside; 
paste: medium ye1low 2.5Y.8/2. (Cherry fabric 1)1 
several rounded black grains up to 0.1; few holes up-

f ta 0.1 

1 

i , ' 

~ . 
i , ' 

:',-- --~h----~· , , 
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KER '5~ wall sherd Corinth Lot 7164-50 

fran a large: vessel; 
pas~e1 coars~ green 
rounded black graifts 
0.2 

th.' ,O. 4-0,.8; , ' 
5Y 8/2' {Cherry fabr ic 1); many 
up to: o. ~ ; '~severa1 holes up ta 

''\ ,.... ~ 

KER 51 bow1 or sauceboat base Co~inth Lot 71~4-S1 

form 9' (ring, bas'e); d.' 4.4'; . th.' 0'.51' 'ci'ackled 
'1ustrous black' (lOYR 5/1) slip inside' 'and' out, 

except beneatn base ring; '. 
paste: semifine, buff 7.5YR 8/4 (Cherry' fabric, 2); 
few holes up te 0.2 . 

lŒR 52 sauceboat" rim Corinth Lot 7164-:52 .' 

type ind. (from side); th. 0.5; 'crapkled lus trous 
black (lOYR 4/1) slip inside an~'out" with patches 
of .. brown; , .. , 
paste: ' fine buff ' lOYR 8/3 (Cherty fabric 2); no! 

, 'inclusipns visible', , 

KÈ~' 53' , bowl rim Corinth Lot 71~4-53 

fo~m ';1'1\ 3' ,(inc~rVi~9')' 'l'im wi th flattened top 
bear·ing an incised groove; d. c. 15; th. 0.5;, 
crackled'lustrous black (lOYR 4/1) slip' inside and 
9uti 9 • 

,pas te: 'medium ': huff iOYR 8/2', (Cherry fabr rc 2); 
severai whit~ specks up to 0.1, 

, 

·lŒRI S4 jar ri~ Cor,iilth Lot 7164-54 . , 

form Xlb.l (short, straightr; d. 16: th,~ 0.8; traces.­
of réd (2.5YR 6/6) slip outside, and insfde lip 

~paste: coar'se ôuff 7.5YR 8/5 {Cherry'fabric 3};, many 
~gular dark grey and dark red grains up to 0.2;, 
several beige specks up to 0.1 

bow1 r.im Corinth Lot 7164-55 
1 

'form V.5 (thickened), 'do c. 40; th. 0.9, p'urplish 
(2.5YR 1/3) ~lip inside ~nd on top, of 'lip; 
paste: medium 7. 5YR 8/4 ,(Cherry fabric 3:); several' 
dark red ~ angular grains up to' 0,.1; few darI< 
grey-brown angu1ar grains u~ to'O.l ' 

~---~~'-,'-,-_ .. 
, . 

" 

, " .. 
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\ ' 
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, 
KER 56 ,base fragment 'Corinth Lot 7164-56 

foim, 1,0 (nigq =r ing base) of large ,?OpeR v~ssel; .d. 
'14;,til'. 0.-7i"traces of red, (2.5y~,4/~) 'slipli~side; 
paste-: ,éOarSe 7 .,5YR' 8/5 (Cherry fabr ic 3,) i Illany', ' 
subangular black and dark 'grey,grains up to 0.1; 
several hol,es up too 0.1 " \ 

<I<ER 57 wall sherd Corinuh Lot 7164-57 

, ' 

th. 0.7~ worn slip outside, varying bràWp to black; 
. paste:, coarse '~5YR 7/4 (Cherry fabric 3b), many 

dark red subangular grains up ta 0.2;,f~w' 'whtte 
specks up to 0.1 

KER 58 base fragment Corinth Lot 7164-58 

KER 59 

~ 

form 1 ('flat) 'bas'e fr'am large vessel;.'d. c., ià', 'th. 
1.4~1.8; smaothed inside and out; , 
paste: very coarse, core grey 5YR 6/1, instde 
'surface pink SYR 7/4, outside'surface buff 7.5YR 7/4 
'(Cherry fabric 4); very many angular and subangu1at 

'grey-brown gt:ains up ~o 0.2 

(bowl rim c,orinth Lot 7164-,?9 
1 • 

perhaps f,orm, VI. 3 (thickened) rim of iarge bowl; th • 
. 0.9-1_ 2i smoothed ,inside; 

paste:, very coarse orange 5YR 7/6, crwnbly (Cherry 
fabric\ 4); very many . dark grey--brown sub~n9ular 
grains up ta 0.2 

KER 60 wall shèrd Corinth Lot 7164-60 

th. 0.8: thick crackled'lustrous red (lOR 5/4) slip 
outside; applied snakelike coi1s in 'zigzag ~attern 
on outside surfaëe, si~ilar to those of the vase 
illlJstrated by Go1dman (l93l, p. 105 fig. 139); 
paste: very coarse, core grey 5Y& Sil, inner surface 
orange 5YR 7/5 (Cherry fabric 4); very many dark 
red-brown angular grains up to 0.2; few· rounded 
brown grains up to 0.2 

: 1 " 
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j 
'KER 61 wall sherd Cotin th Lot 7164-61 

th. 0.9-1.0; thick red 10R 5/4 slip outside; app1ied 
s trips of snake1 ike zigzags outside, as KER 601 
possib1y from the sarne vase; / 
paste: very coarse, core and outer surface greyish 
SYR'S/l, inner 'surface red . 2.5YR 6/6 (Cherry fabric 
4) r ,very Many subangu1ar dark red gr ains up to 0.2; 
f~w sub~ngu1ar beige and brown ?rains up to 0.2 

KER 62 ba~ing pan spout Corinth Lot 7164-62 

rim-to-base section at the lowest pOint' of the rim; 
th. 1. 0-2.0 ;., 'smoothed inside; ) è 

pas te: medium dul~ buff 7. 5YR 7/3, crumb1y (cq'erry 
fabrië 5); many rounded white, beige, dark grey, and 
dark brown grains (sand?) up to 0.05 

DR 6~, ?bO~~, rim Lorinth Lot 7164-63-
, (-~ i 

form V.S (thickened) rlm of large bow1 or pithosi d. 
greater than 40; th. 1.0; perrodic depressions, 
abou~ finger-sized, a10ng outside of thickened lip; 
paste: medium, core grey 7.SYR 6/1, surface buff 
7.SYR 8/4 (Cherry fabric 6); Many rounded red,' brown 
and grey grains (sand?) up ,to 0.05 

g 

: lŒR 64, bowl rim Corinth Lot 7164-64 
, 

1 " 

" 
form"II.5: d. c. 3Ô; th. 1.2; smoothed inside and 
out, band of applied 'piecrust' on outside of lip1 
paste: coarse, core brown .7. SYR A./2, surface [)ink 
7,.SYR7/4 (Cherry fabr,ie 6); Mant dark grey-brow.n 
angular' grains up t~ G.2 

KER 65 animal f igur ine MF 12233 

~.~--'--~~~--~---------'----- --- ' 

rear half of quadruped torso; cylindrical body, 
stubby tail, rear legs broken; 11I. p. 1. 5.7i.d. c. 
2~O; smoothed; traces of lustroua black slip on 
tai1, belly, and left side., pr,obably' not in a 
striped pattern; 
paste: medium buff lOYR 8/2 (Cherry fabric 2); 
several subangular grey gr~ins up to O~05;· few white 
specks up to 0.05; 
Cherry 1973, p.28 

-~----- . 

" 
, . 
'.' 
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.~ \ , ... , 
...• ~ER 66' animal figurine MF 12234 

~ 
~ 

.,. - .. 

,.' 

front; 'half of quadruped to'rso1 neck, legs, and waist' 
broken1 semicircular (roünd side up) in section, 
deep iricision runs full length.of underside1 m. p. 
1.6.0; w,.2.8; smQothed; dots of lustrous blat:k 
slip '(crackled where thick, brown where thin) on 
sid~s and back, d. 0.6-1.0; , 
paslte: semifine pink 7. 5YR 8/4 (Cherry fabric 2)~, 
few angular dark red-brown grains up to 0.05; fe 

,\ , 
.' whl,te specks up to 0.05; 

Wiseman 1967a, p. 41 and Pl. 16dl; Cherry 1973, p. 
28 

JI 
KER 67 sauceboa~ri~ C-69-l93 ' ~ 

, 
{ 

KER 

- c- . 

KER 

'perhaps near back (type I?); . th. 0.41 butside, worn 
,.' lustrou~ 'slip varying orange to ·r~d 1 to brown ta 

68 

69 

black; inside, cross-hatched triangles, d~scending 
, fram rim, in dark brown (7.5YR 3/1) lustrous sl~p; 
,paste: semifine yellow 2

11
" SY 8/2 (Cherry fabri-c 11) 1 

few -beige specks up to 0.11 
Cherry 1973, ,pp.a3-84 

.. 
. sauceboat base 'C-65-354 ' • rt 

.... t~pe 13 (flar ing foot, deeply fqrtned u~derneat~); d. 
9.; th. 0.51 Slipped and pol-ishedj 'mottled '; grey to 
bbff to bro~n outside; , 
pas te: fine grey 10~R 6/1; very few subangular black 
grains up to 0.05; 
Cherry 1973, p. 83 

" 
sa,uceboat rim and handle C-65-354', 

pr.obably type II; horizontal handle attachment with 

, 

r iqht side of ri~; probably same vase afJ/ KER 68; th. 
~~4b~~;~;sliPped and poli~hed; .mottled grey. t~)b~:f-' 

paste: fine grey 10YR 6/1; ,no, inclusione visible 

, . 
, . , 

" . . 

,.. . 
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KOR l animal f igur ine MF6731 

rear half of quadruped; stubby applied ·tail; ~concave 
underside, smoothed; m~ 'p. 1. 7.2; smaoth'ed;, traces 
.of", black (N 4/0) painted stripe down Middle of back, 
fram whlch descend vertical stripesi 
paste: coarse yel1ow-greEm 5Y 8/2 (Cherry fabric l)'i 
manyangular black grains up to O.li several beige 
specks up to O. 2i . . 
Weinberg 1937, p. 523 fig. 44 '" 

KOR 2 animal figurine MF2270 

, ' 

quadruped', tail broke,n, snout and' ends of ?horns, as 
weIl; eyes app1ied as elongated blobs wi th· a 
horizontal sliti under$ide is deeply carved ,out, 
left roùgh;' one deep gash from neck to t~il, otheJ; 
shorter ones as weIl; incised gash pelow èacl:} '. 
thorn'; h. Il; m. p. l~ 17.3; smoothèd~ ~ 
painted stripe down Middle of back,', f~om ' which 
descend vertical stripes on one side, back-sloping ~ 
ones on the other; paint on' horns' and, eyes as 
weIl; colour varies 2.5YR 3/2 to 5/6; 
paste:· semifine buff 10YR 8/3 (Cher,ry fabric 2) i few 
white specks up to O.OSi very few flakes of ?silver " 
mica up to 0.01; 
Kosmopoulos 1948, pp. 59-60, fi~s. 41-43 

KOR 3 sauceboat rim C-76-344 (Temple Hill) .. 
·~type ind.; verticai sides; traces' of handle l 
~ttachment; th. 0.5; good lustrous red-brown Slip 
outside; vertical lines of lustrous red slip inside, 
only to the left of- the handle area; 
paste: fine pink 5YR 8/4 (Cherry fabric 2); very few 
whi te specks.- up ta 0.05 

,- RqR 4 sauceboat rint C-3l-512 

\ 

," 

type I; léft side ta spOut; gentle curves, perhaps 
shallow; m. p. 1. c. J5; th. 0.5-0.7i thick lustrous·· 
black slip inside and out; shallow indentations 
along rim,Dexcept'at spout; vertical band'of slashed 
rope form applied to left of spout; 
paste: coarse grey N 5/0 (Cherry fabric 7: 
miscellaneQus); Many angulaE grey grains up' tç. 0.1 

. 

~----~------~. ' ~------------~-------- ,-.. 
, ~ ~-; - -

• ..,~ 1. .~ •. ,.' .~ ,. ,_ 
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4.6.7 Korakou 

KRK.' 3 
,/ 

\ - \ ./' 

base of ,bowl, or sauqeooat Corinth ;'ot 71~5":'3-
. 

intermediate'between forms 10 and 13 (splayed high 
foot, 'only-sTightly concave below); d. 5.4; h. to 
narrowest' point 2.0;- burnished lustrous black slip, 
mottling to grey-brown .(SYR 4/l)~ 
paste: semifine grey N 5/0; several subangular dark

j 
grey grains up to 0.05 

, 
KRK 4, base of bowl or sauceboat Corinth Lot 7165-4 

form 13 (splaye.d high foot, deeply cUrved beneath) ~ 
d'. 7.2; hl. te narrowest point 1. 7~' mottled red-brown 
(2.SYR 3/2 to 5/6) slip inside and out} 
paste: ,fine pink 5YR 7/4; no inclusions visible 

"KRK 5 sauceboat rim 'and handle Corinth Lot. 7165-5 
.... 

proba};>1y '. type II; horizontal loop handle, tising 
·slightly: handle' d. O.~: span 2.8; wall th. 0.4; 
mottled brown:-blâck .(SYR 3/+. to 5/31 slip inside and 
out, except below and on' inner; sur f aCê'7ê:)f handl e; , 
paste: fine bufE 7.SYR 7/3; few beige specks up tq 
0.05 

, ,KRK 6 sauceboat rlm and handle Cori,nth Lot 7165-6 
_ ,,<t-l .... v 1 

: 

. , 

probably type II; risi~9 horizontal handle; ,handle 
d. 0.8; ,wal"l th., 0.9'; worn lustrous black sl.ip 
inside and' out'; < 

paste: fine yellow 2.5Y 7/2;, few beige specks up to 
0,. (}S 

KRK 7 ,sauceboat rim and h,ndle Corinth Lot 7165-7 

probably type II; hori~ontal handle ris~ng fram 
below lip; handle d. 0.9; wall th. 0.4; thin 
lùstrous brown,to black slip 9utside (except beneath 

'handle) and inside li'p; " 
. paste: semifine yellow 2.51 8/2; few beige specks up , 

- to 0.1 ' 

.. , 
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KRK 8 sauceboat rîm and handle Corinth Lot 7165~6 , 
,L 

) 

probably type II; hori zontal handle r 1sin9 frcm 
bèlow lip~ hand1e dr. 0.8-1.2; wall th. 0.4-0.6; good 
red (2.5YR 6/4) slip inside and out, except beneath' 
handle; 
paste: fine pink 7.5YR 6/4; very few white specks u~ 
to o. 01;, very few sp'ecks of ?silver mica ., 

KRK 9, sauceboat r~m ,and handle ,Corint,h Lot 7165~9 
probably type, II; horizontal handle, rising 
'sliqhtl,y; handle d. -1.0; wall, th. 0.4; red-brown 
(5YR 4/2 to 7/3) slip inside and o~t; 
p'aste: 'semifine grey,N 5/,0; few hol'es up tO,O.I" 

KRK la 

KRK, Il 

- - ,.',.'.' 1 ( " ' 0 

sauceboat rim and handle Corinth Lot,' 7165-,10 
, , 10 ~, • 

proba'bly type Il; hori'zontal handle rising frc:;m r im: 
~al1 th. 0.'6; .handle',d." c.' 1.0~ mottled red-blaèk 
(lOYR 4/1'to 5/3) slip ~side and out;.on handle at 
join -to wail, 2 app1iQ~, clay dots ('rivets'), one 
above the otheo from each "extends a horizont.al' 
appli~d band of,' slashed rope decoration; . 
past'e: fine buff 7.5YR 7/4; few 'angular dark .' r~d' 
grains up tô 0.05 .. , 

sauceboat 'spout 
~ 

Corinth Lot 7165-11 

si1arply downtur·ned lip (type ,II?'); 
.. lustrous' black slip i~side and. out;' 
paste: fi,ne yellow 2.5Y ,8/2; few 

.specks up to 0.05 . 

th. ,''9.6; flaky' 
) , 

bE!ige and whi te 

KRK 12 sauceboat spout Corinth tot 7165-12 
\ 

sharply downturl}ed lip (type II,); th. 0.6; worn 
lus trous black slip inside and O'ut;- . ' 
paste:,.,$emifine ye110w 2.5Y 8/2j few beige ,specks up , 
to 0.1 . 1 

1 • 

"'KRK '13 sauceboat spout Corinth Lot 7165-13 

type ind.; right tip; 60 degree; th. 
red-brown slip inside and out; 
paste: fine pink sYR 8/37 few dark 
grains up to 0.05 

0.5; good 
f 

red angul~r 

, ' 

, , 
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K~K 14 sauceboat spout Corinth Lot 71~5-14~ 
" 

type ind.'; left tip, ,90 degree.; th. 
lus trous uncrackled black slip Inside and 
fine buff 10YR 8/2 i few subangular ,black 
to 0.05 

0.4; .' good 
put; , 

gr ains ,up ,: , . , . 

, 
KRK '15 ' sauceboaj: rim Corinth Lot 7165-15' 

type "ind.; from side of vase; th. 0.6;-- smoothed 
inside' and out; 
paste: sèmifine green SY 8/2;- small cracks, sp1it.s 
easily' (oV'erfired?) i few' beigè s~ecks up to' 0.1 

" KRK 16 sauceboat rim Corinth Lot 7165-16 

type ind.; pointed 1ip; th.' 0.3,; sli~ped and',' 
• ~ • ! ( , 

bu~nlshed; ~ott1ed grey to,or~nge (5YR 5/1 to 6/~)i 
pa'ste~ 'fine grjey"SYR 6/1; no ,inc1u~ions, ,visible 

J " 

K~K ,17 '. ~al1 ~herd 
, , 

Corinth Lot 7165-17 

. th. 0'.4-0.51 ill.side smpOthéd; outside, s~ipped And' 
,~", polished:. two zones, one light grey (5Y' 7/2), the' 
~ other dark grey,to orange (5YR 3/1 to 6/3); 

'pas'te: fine grey 5YR 5/1; very few white· specks up 
to 0.05 

,~RK 18 bow1 rim-to-base s'ection Cqr:t.nth Lot 7165-18 

rim form VII.1 '(very open); base form 1 (fIat); d. 
c. 15; th~ 0.4; 'crudely burnished inside and out; , 
mott1ed grey (7.5YR 4/1) near base to buff (7.5YR 
8/2) near r im; '. 
paste: semifine grey N 5/0; severai'white specks up 
to 0.05 

KRK 19 bow1' rim-to-base section Corinth Lot 7165-19 

rim form III.2'(incurved);"base form 9 (ring); d. 
13; base d. c.,,3.5; th. O.'4-0.5;'smoothed inside 'and 
out; 

, paste: medium buff 7.5YR 8/4;'several white specks 
up te 0.2; few subangu1ar dark grey grains,up to 0.1 

" ' 
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~' 'KRK 20 'bowl dm 

\' 

Cerinth Lot 7165-20 
, ", 

0.4~ 

, 1 black 
"1 1 - ~ 

form III.2·(pointed', incurved); d. c. 16; th'. 
crackIed' 1ustrous b~ack slip\insidè and out; 
paste: medium bùff 7.SYR '7/4; severai angular 
9r~ins up te 0.1; 'few white specks up to 0.05 

1 

\ . 

. .i 

'1'-----

1 .' 

~~K 21 bow1 rim Cerinth Lot 7165-21 

form 111.1 ts1ightly inturned); d. 
ouncrack1ed lus trous !?lip Jnside and 
dark red to black {2. SYR 5/4 ta 3/l}-; 
paste: medium. pink 7.SYR 7/4; several 
up to' 0.1; few 1ight red angular grains 

,Ral 22, bowl rim Corinth Lot 7165-22 
, '----- " ,r' 

th: ·0.6.; 

13: th. 0.5; 
out, varying 

whi te specks 
up to tO. 01 

wern lus trous .farm IV. 2 (offset); d. 18; 
black sI ip insfde and out; 

,:paste: semifine ,green 5Y 
graïns up te 0.1 

8/2: few angu,lar black 

KRK 23 bowl rim Corinth Lot 7165-23 

form 111.2 (inturned)~ d. Il; th. 0.5; worn lustrous 
"black slip app1ied over rough surface inside and 

, out; 
pas te: fine yel10w 2. 5Y ·8/2; few beige and whi te 
SPecks up to 0.05 

,KRK 24 ?bowl base Corinth Lot 7165724 

form l (fIat); d. 7; th. 0.7-0.9; worn glossy 
burnished req (10R 5/6) slip inside apd out,' except 
beneath base; . 
paste: semifine buff lOYR 7/3; few subangular dark 
grey grains up to O.O~; very few flakes of lustrous 
black ?stone up 'to O. OS; very fe~ angular 
transparent grains up to 0.05 

,KRK 25 ?askos rim 'Corinth Lot 7165-25 
1 

form XV.l; round handle at lip; handle d. 1.9; wall 
th. 0.6; 

, 

paste! medium green SY 7/2; several angular black • 
grains up to 0.1; few white specks up to 0.1 

.. 

" p 



, 

. 1 

/ 
( 

'('') 

,. 

,161 

KRK-26 jar rim Corinth Lot 7165-26 

'form Xla.2 (high, out-turned); 
paste: medium green SY 8/2; 

,subangu1ar'black grains up to 
up to 0.1 . 

d. c. 13; th. 0.8; 
several angular and 

0.1; few whi te spe.cks 

KRK 27 ?jar base Corinth Lot 7165-27 

KRK 28 

KRK 29 

,form 1 (fIat); d. 4.8; th. 0.7; smootl:led inside 'and 
out (thin green slip?); 
paste: fine .green .5Y J/3; very few white specks up 
,to 0.1 ' 
o 

, 

jar, shou1der Corin'th Lot 7l6S-28 

th. 0.7; smoothing marks olltside; join of neck to 
shoulder visible inside; 
pas te: f1ine gr een 'SY 8/2; no inclusions visible 

/ 

ladle shaft Corinth Lot 7165-29 

f1attened, taperedi w. 2.5-4.0; 
red-brown slip on one side; 1 

past.e: coarse orange 5YR, 6/6; 
~~bangu1ar' dark red grains up 
rc;>unded dark gr ey gr ains up to O. l 

th. 1.. 7; dar k 

very hard; many 
to 0.1; several 

KRK 30 ladle tshàft Corinth Lot 7165-30 

round section; l;>egi.nniQB of 100Pi d. 1. 9-2.3; good '. 
lus trous red-brown sI ip everywher e; . Il 

paste: fine, orange surface 5YR 7/6"grey core SYR 
6/1; very few white specks up to 0.1 

, " 

KRK 31 baking pan rim-to-base section Corinth Lot 7165-31 :, 

rim form' VIII.1 (shaIlow); base forro l (fIat) (1 d. c 

greater than 50; th. 0.8; smoothed inside and out, , y 
except beneath base; , 
paste: coarse, red surface 2.5YR 6/4, grey core 
2. SYR 6/1; many angular. dark grey and dark red ~ 
grains up ta 0~2 

,... 
, ,----, -- ------"---~ ~ 
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r/ 
K~ 32 baking pan r~ht Corinth Lot 7165-32 ~ '"l. 

, . form 'VII!.1 (sha11ow);' th ~ 
inSide, grey outsidei 
pa'S te: very, coarse" buff-pink 
gr ey 10YR, 6/2 near outside; 
angular dark ~rey and dark red 

1. a t thin s~ ip r buff 

5YR 6/4 ne~r inside, 
crumb1Yi very many­

grains up to 0.3 

KRK "33 ' baking P~l rim Corinth. Lot 7165-33 

') n.ear spout areai form-'V"TII'.l, '(sha11~w); fIat (as 
form 1) base: th. 1.3; smoothed; 
paste: coarse buf~-pink 7~SYR 7/4; many subangular 

~white,grains up to O.li several rouhded 1ight brown, 
light grey, dark red, and dark grey grains ,(sand?) 
up to 0.1 

v 

KRK j4' bowl rim Corinth Lot 7165-34 , 
form VI.3 (flattened, hemispherical); 'col1apsed 
loop' handle below lipi d. c. 35: good polished red 
(lOR .6/8) slip inside and on top of 1ipi . , 
pàste: coarse -pink 5YR 1/4: many angular dark red 
gr ains up to· 0 • 2 

K(K 35 4 frying 'pan rim Corinth Lot 7165-35 
, 

shallow slope, but steeper than VII.l; d .• oO 20; th. 
0.6; polished black slip inside and out~ 2 rows of 
vertical incisions outside: just below 1ip and near 
base, both with whit:.e fill, ('Mainland' type?); 
paste: medium,grey-brown '7.5YR 6/2; rnany ro~ndèd" 
black, dàrk brown, orange, beige, and white gra'ins ' 
(sand?) up to O.O~ 

, ' , 

'KRK 3~ wall sherd Corinth Lot ,7165-36 

probab1y from a closed vessel; th. 0.7; ,insiqe 
~moothed; lus trous b.lack, slip outside-, except 
between applied horizontal bands of incised rope 
àecoration; as Blegen 1921, p. 5 fig. 3'/no~ 7i 
paste: coatse buff-pink 7.5 to 10YR 8/4; many 
subangular dark grey grains up to O~2 

; 
i 

--------- -_-..._ ............... ~_ .... ~- -----~ -- ~ ..... ---~ --- ( . , 
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KRK 37 weight Corin-th Lot ,1165-37 

cy1indrical, tapering' ,sllghtly;--d. -5.7 a'\:. base; m. 
p. h.,.7,.O; two vertical ho1es- d., û.6; smoothed (wJth 
a thin grey slip?); 
paste: medium pale or~nge 7.5JR 7/b; very soft and 
crumbly: - unf ired; sever al an'gular whi te she11

D 

fràgments up to 0.2;1* few angular dark grey grains up 
"to 0 .1; 
as Blegen 1921, p. 104 fig. 129 nos. 4 and 5; see 

~ also KRK 48 ~~ ~ 

, 
, KRK 38 ,bow1 rim-to-base section "EH XIII" writt~n on sherd 

rim form VI~II.3; base form' 2 (indentéd) ~ Ld. 16; th. 
0.4; band of red (2.5YR 6/~) ~lip at edge of 1ip 
inside; _ 
paste: medium buff 7.5YR 8/4; several subangu1ar 
beige grains up to 0.2; few _ white specks up to 0.2; 

, sever al b~ige specks up to 0.05; 
- B,l'egen 1921, p. 6 fig 0- 5 no. 2 

KRK 39 bow1 r im " 

KRK 40 

form VIII.1 (shallow); d. 18i th. D.A; band of red 
(2.5YR 6/6) -slip at edge of lip insideJ 

}paste: s-emifine buff 7.5YR-8/1; seveJ:'aI subangu1ar' 
dark gr,ey gr ains up to o. al; 0 

Blegen '19214' p. 6 fig. 5 n0. f 

bow1 rim fIg IV" wri tten on sherd , 

short sp1ayed rim, similar to forro Xlb.2i d. i2i th. 
0.5; good red (2.SYR 5/4) sl~p outside and inside 
over lipi 
paste: fine buff 7.5YR 8/4; no inclusions visible; 
Blegen 1921, p. 6 fig. 5 no~- 1, 

" 'k~K 41 askos handle 
\ 

strap handle, widening to~ard bottom; section 2.5 by 
1.2 near rim, 4.0,by 0.8 near' bOttom; good dqrk 
brown (lOR 3/2) slip everywhere; 
pas te: fine pink SYR 7/4;, few whi te specks' lip to 
0.05; , 
Blegen 1921, p. 7 fi9' 7 

~ ( \ 1 

- . 
._....t..~_"........-_. __ ......... " .... ) ~ ____ )_~ _. '. -- ,-

, . ' 

, 1 
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KRK 42 tankard belly 
III) 

"SX" or "~S" written on sherd (EH 

low bulge of tankard; th. 0.7;" beige (7.5YR' B/4) 
was~ outside, over which is a painted pattern, of 
bands of horizontal red (2.5tR 6/6) lines$ sorne 
pairs joined with short diagonal strokes, upper ones 
with these strokes along the top as a 'fringe'; 
paste: fine pink SYR 7/4i few white specks up ta 
0.05; 
Blegen 1921, p. 9 fig. 9 no.' 10 (joins ta, no. ,'lB)" 
and Pl. l no. 3 

. 
KRK 43 wall sherd nE' II'' wri tten on sherd (EH III) 

th. 0.5; beige (lOYR 8/3) wash out.side,~painted'w,ith 
a pattern of red (lOR 4/4) lines,' p~rallel {with 
oblique cross-strokes) and cros's-hatched; ,'- , 
paste: fine orange 5YR 7/6; no' 'inclusions' vtsiblei' 
SIegen 1921, p. 9 fig. 9"no. 13 ' , '). i 

KRK 44 tankard belly liE III" wri tten on sherd (EH ,~~~) 

low bulge of tankard; th. O.4-0.'6;',b'Fige (7.5YR 7/6} , 
slip, latgely pain,ted , over ,by 2 areas aL ,black 
'(7.'SYR ' 4/1), between whi.ch is a hori'zontal zone 
,consisting' of 2 bands of· 4 hod.z~ontal vblaçk lines 
each, between which is a' cross-hatched zigzag 3 
lines thick; 
paste: sernifine beige 7.5YR 6/4; few white specks up 
ta O.li . 
BlegËm 1,921, p. 9 fig,. 9 no. ~7, an~ Pl. l no. 2 

KRK 45 wall sherd "EA XVI 1" . wr i tten on sherd (EH, III) , ' 

th. O~7-0.9: buff (lOYR B/3) slip, painted ',with 
black (N'S/O) lines, 5 or 6 of them paràllel, a pair 
of oblique ones, the line from each set closest ta 
the other set oe ing f·r iriged wi th shor t obI igue 
strokes; 
paste: fine grey~brown lOYR 7/2: no inclusions 
visiblei 
Blegen 1921, p. 9 fig. 9' no • .3 

r - ' .. __ 
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_ KRK' '46 ?tankard rim ns, IV" written 01'1' sherd (EH III) 
'< 

, 
form Xlla.S': d. 9: th. 0.6; smooth beige (lOYR 7/3) 
inside,l covered jus t below 1ip by cr ackled lus trous 
black slip which extends over the lip ta caver the 
exterior; on it is painted in beige (lOYR 8/3) at 
least 2 horizontal 1ines, the uppermost having 
oblique 'fringes' on its upper side; 
~aste: semifine yellow-green 2.5Y 8/2: few white 
specks up ta 0.1; 
Blegen 1921, p. 9 fig. 9 no. 15 

. KRK 47 wall sher~ ng II~ written pn sherd (EH III) 
, - \ 

th. O.S~ dull, slightly crackled, black (N 4/0) slip 
outside, on which - two parallel - stripes of beige ~ 
(2.SY 7/2).; 
paste: fine grey 'N 6/0; few flakes ~f ?silver mica 
up to p.OS; few white specks up ,to 0.05; 
Blegen' 1921, p. 9 fig. 9 no 16 ' . , , 

KRK 48 earth from hales of KRK 37 

s~ifine; brownish 10YR 6/4 unfired, buff lOYR 7/3 
fired in' an electric, ki1n; several rounded ta 

-_ s ubangular whi te, be ige, r ,ed, and bl'ack gr ai ns up ta 
-0 ~ 02 

-, 

.. \ 
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4.6.8 Lake Vou1iagméni 

For ease of donsultation, this section has been repro-

duced from the author's M.Sc. thesis (Attas 1975, pp. 24-44). 

\ 

o 

Samples of the Natura1 Clay (010~016) 

, A large qu~nt.i ty of the clay irnmediate1y b~:p.eath 

thé bottom layer (levels (13) and (~4)) of the pottery dump 
> ' 

in ,tr,:ench AI· 'was available for analysis. Samp1es of other 

c1ays from the immediate vicinity of Lake vouliagmèni were 

a1so taken, but have not yet been analyzed. Sma11 amounts 

of the natura1 clay were refined to various extents and fired 

to various te~peratures before they were sampled for ana1ysis, 

o ip. an attempt' to' dup1icate the treatment accorded ta clay by 

the prehistoiic,potter~. It is felt that the degre~ of re-

fining of 012-014 corresponds ta "semifine" pottery, that. of 

010 and 011 to coarse vases, and that of 015 a~d 016 to,the 

liquid "ilip" applied to the surface of sorne fine vas~~. 

Firing temperatures were intended to caver the range from 

that of unfired claY/'throug~: 1055 o~ baund water and 10ss, 

f b' dl. ~ f 'h I...b .', h b . . o car on 1ox~ae rami t e ca~ onate 1an, to t e eglnn~ngs 

of sintering or vitrification~ 

010 
\\ 

natural c\l.ay 
Il 

AI 

raw lump dried overnight at ,110 

1 - -, , 

M 

,10YR 7/2 , . 

C' 

: 

" 
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011 

012 

013 

014 

015 

016 

-. 

, , 

natural.,clay 7.SYR 6/4 ' 

raw lump mixed with water, 1eft to dry, and firéd 
ter' 70b C fol:' one ho ur in' an e1ectric ',,(oxidizfng) 

. kiln. 

AI natura1 clay 7.SYR 7/4 

raw lump mixe9 with water, left to settle 'for 
one' ho ur ; upper part of sediment removed, left 
to dry, and fired to 700 C as aIl". 

AI nq.tura1 clay 7.5YR 7/3 

raw lump treated as 012 but fired to 900 c. 

AI natural clay 2.SY 5/6 

raw lump treàted as 012 but fired to 1100 c. -
Q 

AI natura1 clay SY'R 5/8 
. 

upper part of sediment (as 012) centrifuged 
for Qne minute; upper part'of that' dried and 
fired to 700 C for one hour. 

AI n~tural clay 10YR 5/6 

sediment treated as 015 but fi:z;ed to 1100 C. 

• 

Objects from the Square Structu're (101-108) 

, , 

,This collection of eigh ~ vases was found as a group 

in a-corner of the structure making up the second phase of 
) , 

EH II, occupati~n at Lake 1 VOU1iagm~nif They are thU~ aIl 

aècessioned in level (,18sq), and are gi ven ind,i v~d~<?-~ vase 
'. , 

'number:s • 

, .' 
'j 

- - 1 ~-) . -

167 
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AIl '(18sq), Vas'e no. 1 
7.5YR 7/5 

~ 

sapcer: complete (rnended) 
/ -

semicoarse buff, varying to orange and pink (lOYR 7/4 
. to 5YR 6/6) , wi'th large (c. 0.2) dark red grains, 

sorne sma11er orange-brown and many tihy dark grey 
and lack ones; nq traces of either slip or burnish 
i ide or out; low foot-ring and inturned rirn: cf. 
iedentopf 1973: 4,fig. 2, 7; 1erig-tailed T incised 

outside be10w rirni h. 6.1, max'. d. 12.3; (" Saucer" 
is the t'echnica1 term used 1:>y Caskey and Caskey (1960: 
165 n.33) for these srnall bowls, which can be very 
shallow or relative1y hemisp.herical, as this one is). 

AIl (lBsq) Vase no. 2 saucer: complete (rnended) 
lOYR 7/3 . 

Q • 

semifine pale buff, varying to yellow and pink 
(2.5Y 8/4 te 7.5YR 7/4), with varicus tiny inclusions 
in dark red, orange-brown, brown, black, and ,dark 
grey; p09r1y preserved dark red-brown slip inside 
(2.5YR 6/6 to 7.5YR 5/4), with traces of horizontal 
brush marks; low foot-ring and inturned rim (il1. 
Michaud, 1973: 275 fig. 43): cf. Caskey a~d Caskey 
1960: 154 fig. Il,, VIII.34; h. 6.2~ max. d. 11.2 . 

. ' 
AIl (lB~q) Vase no. 3 
5Y B/2 

~'&Jd.ceboat: spout mis~in'g 
~ 

f,ine pale green, wi th no traces of slip or burnish - , 
inside or out; low foot-ring, deep cylindrical body, 
double vertical handle like an 8 in' horizontal' sectidn: 
cf. C~skey 1960: 291 fig. l, III; h. (as preserved) 
13.8'; max. d. 12.6. . 

AIl (lBsq) Vase nô. 4 
wi th -handle 

sauceboat: rim fragment 

SYR 8/4 

selni fine orange wi th sorne dark red, orange-brown, 
brown, white and beige inc1~sions c. 0.1 and srnaller, 
and sorne irnpress"ions of p1ant-stalks c. 0.1 l-ong: no 
traces ,of slip inside or out i squat horizontal handle 
at level of rimi cf. Caskey 1960: .291 fig, l, inter-
rnediate between ty~es II and IV. ", 

, ,. 
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'. 

105 AlI (18sq) v'ase nb. 5 bowl: rirn te base preserved 

106 

107, " ---.-

10'8 

7.5YR 7/4 .\ 

coarse' b~ff, wï th large (0.2 - O. 5-) angu1ar grey-brown 
inclus,ions, smaller 'dark réd ones, and others i thick 
c~earn 'sIilp in'side and out; very sha110w (cf. Caskey 
1972 t . 371 fig. 6, C34 for rim) , with a low foot:-ri~gi 
h.- 6. 9, d. 70. . ' 

AIl ~18sq) Vase no. 6 bowl: rirn fragment 
. 10YR 7/4 i' 

Q·ce'a.rs~ dar'k red (SYR 5;~) with large (c. 0.2)1 white, 
beige, dark red, grey and black inclusions; ulns1ipped, 
bu~ srnoothed on outside':; ,lug handle just be10w thickened 
rim, cf. Saflund 1965: '147 fig. 112, 19; d. greater 
'than 50. . 

AIl (18sq}" Vase no. 7 Il saI t pot": complete 
7'.SYR 7/4 , 

" 

':, semicoarse buff, poor~y fired, with small {co 0.1) 
angular dark grey and btack inclusions; many t~aces 
of red slip (2.5YR 4/6) inside anq out; fIat oblong 
dish di vided into two compart.me[lts,. 'Wi th small vertical 
ribs and horizontal lugs, applied outsidei h. 4.6, 
1. 16.4, w. 8.1. 

AIl (18sq) Vase no. 8 
!)YR 6/6 

ram vase:' complète 

semicoarse orange, with ~arge (c. 0.2) dark red , 
inclusions and sma11er wh'i te, brown, grey and black 
oneSi plastic vase in ~orm of crouched'ram, w~th the 

, op'ening on its back, Ç>ff centre; similar heads have 
occasional1y been found on sauceboàt spouts, cf. 
Weinberg 1969; 1. '13.,6, h. 6.6, w. 5.2 . 

. 
Miscel1any from the pottery Dump (111-116), 

These six siimples '"ere taken from obJect~ of " 

particular archaeologicaI'interest found in the lower levels 

of trench AI; levels (12) and 113) correspond to the d~mp 

" 
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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 

~eparately !ecorded as srnall-finds. The subcode UT is short' 

for "CJnaccessioned Tile" i' i.e., tile fragments only separately 

reco~ded after the excavation, ~uring study. The waster 

fragments were also separately recorded then, and given capital 

letters for' identification. 

III 

112 

113 

114 

A+ (12) incised sherd 7.'5YR 7/4 
, 

semifine, well-fired buff with a few tiny (less than' 
O~l) orange-brown, dark red, and black inclusions; no 
tracesJoi slip either inside or out; a few deep incised 
lines outside, many lighter scratches insidé, aIl made 
before firingi 8.2 by r.S(. . 

AI' (13) bowl(?),; impressed base 7.5YR 7/4 

semiIine 'buff, dense and we1l-fired, with very sreall 
dark red, dark grey, and black inclusionsi very fine 
stalk impres sions visible on fresh break; traces of , 
red slip (SYR '6/4-6/6) inside and ouf; impressiqn of 

r a woven mat 'on the bottom, probab1y the mat on which 
the pot was resting while i t was being formed; cf. e. g. , 
Blegen 1928: 177 fig. 109; base d. 6.0. 

AI (12~ t 

sealings on fired clay lump lOYR 7/1 . 
sernifine pale buff, hard and well-fired, with a few 
yery small black inclusions i' S tamped four times wi t~ 
the sarne seal (circular, d. 2.55, of cornplex non­
syrnmetric design) i lump dimensions 5.4 by 4.2 by 1.9. 

\.I (9A) 
10Y~ 7/3 

plastic vase fragment: head of fAsh 
, 1 

semifine pale bu~f, hard,"dense and well-fired, with 
specks of dark grey, brown and black in6lusiQns; reddish 
slip (2.5YR 4~5/6) outsidei preserved 1. 4.6, h. 3.5, 
w.3.2., 
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A J; '( 13 ) UT :3 
lOYR 7/3 

tile: large portion including edge 

171Y 

semifine pale brown with small (c. 0.1) grey-brown 
stone inclu~ions; unslippedi along edge, three para11el 
rows of impressed slanted triangles, similar ta the 
decoration on a pithos rim from Eutresis (cf. Go1dman 
1931:' 96 fig. 124,2); 1. Il, w. 12, th. 3.7-3.9 at 
edge, 2.4 e1sewhere. 

AI (12) waster B 2.5Y 8/2 

extreme1y hard, semifine greenish clay with sma11, 
, (c. 0.1) black or dark grey inclusions, and patches 
of bluish grey-green (7.5Y 8/2?) pn surface; large 
rnass (l~ .by 16 by 7) of collapsed overfired pottery 
from a ki1n accident" twisted and stuck together. 

Objects from an o6cupation Layer (15l-.!2.9) 

~ 

AlI' ten objects in this group come from levè1 '(17) 

in trench AIl, which i5 part of the, third phase ~f EH II 

occupation, inunediate1y preceding the final destruction of 

'" the site. The sherds chas en for samp11ng were typica1 in 

colour and fabric of m05t wares found in occupation levels, 

except for 160 , an examp1e of the rare "fine mott1ed ware". 

151 

152 

AIl (17) 2 bow1 (-;)': handle fragment SY 8/2 
~ c, 

coarse green with tiny black, white) and grey 
"inclusions; uqs~ipped; lug br strap handle- ~ttached 
,ta plain ?bowl rimi th. 0.7. 

AIl; (17) 4 jar: rim fragment 2.5Y 7/2 ' 
. , 

semifine qreen vd th tiny :b lack inclusions; uns1ipped; 
neck of jar with f1aring ~im, d. 12: cf. S~f1und 1965: 
151 fig. 119b, 4. 

a 
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157 -..-

15B 

'159 

AIl (17) 5 jar(?): handle fragment 5Y 8/1 
o 

semifine green with tiny black inclusions~ uns1ipped~ 
handle circu1ar, in section, d. 1.8. 

AIl (17) 13 bowl: rim fragment 

semifine buff with a few dark red inclusions; boWl 
with thickened, flat-topped rim, d. 46; dark red 
(lOR 5/6) thick matt worn slip inside; cf. Saflund 
1965 : 14 7 f i'g • 112, lO . 

, Al: l ( 1 7 ) 3 '0 
~YR 6/4 

large bowl (?) : wall fragment 

semifine pink with tiny dark grey and dark req ~ 
inclusions; ,wall or possibly rim fragment of làrge 
bowl (or pithos?), d: 55, with.two horizontal applièd 
bands of-~pi~crust" decoration on outside; light 
brown (7 !,'5-;-lOYR 8/3) matt slip inside and out.' 

AII,(l7) 31 bowl: rim fragment lOYR 7/4 . 
" ' 

172 

coarse red with large (c. 0.2) dark grey angular inclusions; 
fIat rim, d. 60, cf. Saflund 1965: 147 fig. 112, 23a. 

AIl (17·) 33 bGwl: rim fragment 7.5YR 6/4 

coarse red with, large dark grey inclusions; thickenéd 
rim with fIat top, d. 33; thick matt cream slip (2.5Y 
8/2) inside and opt; cf. Saflund 1965: 149 fig. 117, 5. 

AIl (17) 35 
lOYR 6/3 

bowl: rim,and handle fragment 

coarse red with large (c. 0.2) dark grey inclusions; 
plain bûwl rim (d. 40) with beginnings of round handle 
emerging from tep, width 1.8; thick matt cream slip 
(2.5Y 8/2) inside and out; cf. Fossey 1969: 66 bow1 2. 

,AIl (17) 36 bow1: rim fragment 
,-' 

7.5YR 6/4 

coarse red with srr.all èark red and grey inclusions; 
incl.lrving rim, d. 32, with applied "p iecrust" decoration 
outside along edae; t~ick matt crearn slip (2.5-51 8/2) 
inside and out; cf. Saflund 1965: 149 fig. 116, 8. 
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AIl (17) 52 sauceboat: rim fragment 2.5Y 7/2 

fine grey-pink mott1ed ware, very smooth surfaces, 
varying in co1our from 7.5YR 8/4 to N B/O, th.' 0.3-0.4; 
for fabric cf. Caskey -and Caskey 1960: 150 and 153. _ 

Fragments of Mud-Brick (201-206) 

Six of the many pie ces of sun-dried mud-brick were 

samp1ed, with colours varying from orange to green. Most 
- ~ 0 

were recorded as sma11-finds during excavation and so given 

~urnbers enclose~ in triangles, but a couple \",ere only separately 

recorded during study as lIunaccessioned terra-cotta Il or UTC. 

201 

202 

203 

204 

205 

,AIl (11) ~ mud-brick fragment 2.5Y 7/2 

brigh t yellow wi th sma1l black inclusions i \S. 2 by 
4.9 "by 3.7. 

AI (SE) & mud~brick fragment 7.SYR 7/4 

, pal~ orange 1 q\li te pure; 
-,( 

6 • 0 by ~. 5 bi 2. 8 . 

AIl (7)' .~ mud-brick fragment 10YR 8/3 

pale orange-buff with light red inclusions, among , 
others; 5.3 by 4.6 by 2.4. 

AI (SE) ~ mud-brick fragment 2.5Y 7/2 

pale ye1low-green with fine stalk impressions; 4.S 
by 3. 5 by 3. 0 . 

AIl (18sq) UTC 8.1 mud-brick fr'agment 2 •. 5Y 8/2 
, , 

pale yellow with small black inclusionsi a fIat 
surface, with traces of burning; 5.7 by 4.6 by 3.3' . 

---, 
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AIl (18sq) UTe' 8.2 roud-brick fragment 7. 5YR 7/4 

semifine«orange-browni a fIat surface; 3.2 by 3.2 
by 2.7., , , 

,() 

Vases from Area "B" (301-304) 

The four outstanding objects from the small excavation 

(designated "B"). on the hilltop just north-west of the main 

excavation ("A") were a1so sampled. They are EH II in date, 

though their chronological relationship with the three phases 

of occupation of the main excavation is rlot yet clear. 

301 

302 

303 

BII/J;II (3)' 51: B Vase no. 4 jug: rim to belly 
prèserved at handle 
10YR 7/4 

semifine buff-brown, with a red slip (SYR 4/3) outsidei 
globular upper body, constricted neck, conical rim, 
possibly a spout, strap hand1e fragments at rim and 
shoulderi preserved h. 7.0i cf. Go1dman 1931:· 103 
fig. 136. 

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

fine pale yellow-buff (2.5Y 8/2 to 7.5YR 8/4) with 
flakey worn black(?) slip insidei d. 13.6, h. 6.0i 
cf. Caskey and Caskey 1960: pl. 50, VIII .22. 

BII baulk, (1) 1: B Vase no. 3 sauceboat: rim to 
base preserved at back 
7.5YR 7/4 

semifine buff ewi th a few smal1 (c. 0.1) light red and 
red-brown anglllar inclusions i thin matt slip inside and 
out, . dark red to dark brown (5YR 6/6 to 5YR 4/4), with 
brush marks; "quite squat, ring base, high horizontal 
hand1e; roughly shaped outs~de, smoother insÙ:le i preserved 

\ 

h. 11.0; cf. Caskey 1960: 291.fig. 1, intermediate 
between types II and IV. 0 ' 

• 0 
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:304 - BIll: (3) 37: B Vase no. 2 askos: rim with 
handle 
lOy,Ii 7/3 

semifine orange with a few srnall (0 • .5-1.5) white and 
grey inclusions; dull orange slip- (lOYR B/3) insi"de 
and out; handl& round in sec€ion leaving horizontally 
from edge of rim; d. of opening 9.0, th. 0.45; cf. 
Caskey and Caskey 1960: pl. 51, VIII.2B. 

~ RepresE7ptative Sherds from the Pottery- 'Dump (401-422) 

~- Sherds from pots of typic~l shape and fabric were 

selected for sampling. Among the rnost commèn., shapes were 

plates (401-407), bowls with "piecrust" agplied, d~çoration 
", ). .... -~ ... ~ .-

(408-413), and jars (415,416), in fabrics ranging from buff 

to green. 

401 

402 -

4'03 

404 

AI (12) 707 plate: rim fragment 7. 5YR ,6/4 

coarse red with many inc~usions up to 0.';1- ~n size; 
uns1ipped; f1at or slightly concave shêqie, '\o[i th,' p.lain 
ri~: cf. Ca~key 1972: 364 fig. 3, B28~ d. 60~ th. 0.9. 

AI (12)' 711 

" 
'. 

plate: rim fragment 
""-

7.5YR 7/6 

semicoarse orange-red with several inclusion ys to 
0.06 in size; uns1ippedi plain rim, as 401; d. 0, 
th. ,O. 6 •. " -, . . 

" 

AI (12) 713 plate: rim fragment lOYR 7/4 

semifine buff-with a few inclusions up ta O_~ 02 in 
size; unslipped i plidn rim, as 401; d. 22,': ,th. 0.6. -
AI (12) 747 plate: rim fragment . iOYR 7/4 

\.. . 
semifine buff with a few inclusions up to 0.02 in 
size; unslippedi plain- rim, as 401; d. 35, th~- 0,.7. 

. --
-' 

v_" ._ .... 
~_t ~ . " 

.: 

_ .. ____ . __ t 
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406 

407 

408 

409 

410 

AI (12) 753 plate: riin fragment 2.5Y 7/2 

coarse green ",·li th severaJ-o inclusions' up to 0.08 in 
size; uns lippec;:I i plain rim, ,as 401, possibly from a' 
large bow 1 id. 60, th. O. 8 . 

AI ~ (12) 507 plate: rirn fragment lOYR 7/3 

semicoarse buff with sorne small dark red inclusions; 
unslipped; thickened, rou,nded rirn: cf. Caskey 1972: 
3 71 fi g. 6 , C 3 4 ; d • 50, - th. O. 6 . 

AI (12) 545 plate: rirn fragment 10YR 7/3 

semicoarse buff with sorne inclusions up to 0.1 1n 
size; unslippedi slightly inc~rving, rounded rim: 
cf. Caskey 1972: 37.1 fig. 6, CS; d. 24, t.h. 0.7. 

AI (12) 706 large bowl: rim fragment 10YR 5/2 

semifine reddish (with a grey core) with a few 
inclusions up ta 0.1 in' size; unslipped; thickened, 
incurving rim with scalloped "p,iecrust" outsidei cf. 
Siedentopf 1973: 10 fig. 8i d. 30, th. 0.8. 

AI (12) 719 large bow1: rirn fragment 7. 5YR 7/6 

semicoarse orange with~a few inclusions up to 0.1 
in size; unslipped; srnoothly inturning rim with 
"piecrust" decoration applied below lip, ,outside i 
cf. Fossey 1969,: .58, fig. 3, 2 (top) i d. 30, th. 0.5. 

AI (12) 733 la,rge bowl: rim fragment J.,OYR, 8/2 

176 

" 

1 

sem.t.coarse yellow wi th many inclusions up' to 0 ~ 2 i-n _____ "'j 

sizei unslippedi °thickened rim with "piecrust" 
decoration outside,below lipi cf. S~flund 1965: 
1,47 f.ig. 112, 22; d. 40, th. 1.2. 

'411' 'AI (12) 756 large bow1: rim fragroel).t 7. 5YR 6/2 . 
? 

o 

coarse pale green "with rnany inclusions up ta 0.2 
in size i unslipped i thickelfed rim ':,ii th "piec:::-ust fi 

decoration applied outs1Be; cf. Sâflund 1965~ 149 
fig. Il 7, 5 ; d. 35 "th. ~. 5 • " 

" , 

\ 
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II '(12) 558 large bowl: rim fragment 7.5YR 6/4 

'Cd~r~e red with many large (c. O.2)inc1usions and, 

177 

a th~~k green slip ~nside and outj "piecrust" decoration 
alonç outside of lip; cf. Sâflund '1965: 14~ fig.-116, 8 
(but 'yet rnoré incurvin'9, th'an his) id. 30" th. 1. 0, . 

.. '--.. , 
" 

;. 

563 large bowl: rim fragment 7.5YR 8/2 
/ / 

s.e~~~ine 'çuff with only a few very sma11 (c. 0.05) 
1~ 1usions; unslipped; "piecrust" decoration outside 
'be ow gent~y inturned, thickened rimj cf. Siedentopf 
1973: 9 fig. 7, 7"6 (but deeper th an h~s); d. 60, ,th.' 1.8. 

,\, 

AI (12) 567 thick pan: rirn f~agment 7.5YR 7/4 

semicoarse dull orange'with many small (è. 0.1) dark 
red inclusions; uns1ippedi very shallow, with thick 
rounded vèrtica1 rimi cf. Caskey'1972: 367 fig. 4, 

.' B66 (but a 1itt1e more upright than his); d.:30( 
n . 4. 5, th. 1. 5 . 

AI (12) 547 jar~' fragment Qf rim with handle 
lOYR 7/2 

semicoarse ye110w with many small black inclusions; 
uns1ipped; base of vertical handle of twisted-rope 
type attached to slightly ou~turned, roun~ed rim; 
cf. Goldman 1931: 113 fig. 151, 3i d. 8~,th. 0.6. 

/ 

AI, (12) 569 jar: fragment of rim with,handle 
,10YR 7/2 

" 

semicoarse yellow with many small black inclusions; 
unslipped; base of verticàl h~nd1e of twisted-rope, 
type attached to slight1y outturned, rounde9 rimi 
cf. Go1dman 1931: 113 fig. 151, 3; almost identical 
in form and fabric to 415; d. 10, th. 0.5. 

AI (12) 576 saucer: rim fragment 2:5Y 7/2 

fine ye1~ow-green; unslipped; pointed, sharply 
i~turned rim; cf. Siedento~f 1913: 4 fig. 2, 7; 
d. l5! th. 0.3. 
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AI (12) . Silt9 jar: rim fragment SY 8/1 

fine ye11ow-g~e~n; uns1ipped; rounded, smo~ly 
outturned rim; ~f~ Caskey 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 sorne mediym (c. 0.15) 
inclusions; d~rk re~ slip inside; gently ipturned, 
flattened rim; cf. Saflund 1965: '151 fig. 120, 'lOi 
d. 30 1 th • 1. 0 • 

1604 bowl: rim fragment 7.5YR 7/4 

semifine orange, with a few small dark red inclusiqrts; 
red slip inside and over lipi flat, smQothly inturned 
rim with lug hand1e below 1ipi cf. Caskey and Caskey 
1960: 141 fig." 7, IV.2; d. 42, th. 0.6.. 

AI (12) 609 bowl: rim fragment lOYR (5/1 

fine grey, ,s+ipped inside in red and outside in 
mottled' shades of orange, brown, grey and black; 
hard clay, oute~ surface pitted, a1so showing 
burnishing marks; 'plain I;im, but ,twisted. (due to 
a kiln accident?) • 

AI (12) 843 bowl: rim fragment 

, semicoarse buff, with many small black "inclusions; 
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. 

Late Helladic ("Mycenaean") and .Archaic (IICorinthian") 

Pottery (501-526) 

1 

These sherds \o1ere found in the uppef ievels of 't~1e 

excavation more or less associated with the Mycenaean '.wail 

178 
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" . ~nd the post-holes of the Archaic periqd. 'The qates and 
~ \ 

attributions given were ~indly supplied by the excavator. 

In this section, FM stands for the Fururnark Motive Number 
-

(s'ee Anie FUFurnark, The Mycenaean Pottery: Analysis and 

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

sherd of unusual nature which had found its way into an 

uppe:;:- 1evel. 

. 501 

503 

. . 
1 

504 

AI (4) l Cori'nthian skyphos: base ,fragment 2.5Y 7/J. 

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

. . 
AI (4) 2 Corinthian bowl or skyphos: ,base fragm~nt 
lOYR 8/3 

fine buff, with thin flakey blàck'glaz~ inside and 
oùt. 

AI (4) 3 Corinthian miniature bowl: 
7.5YR 7/7 

. , . 

" 

rim fragment 
'(' 

~ine orange; unslipped; apparently hand-made; d.B. 

AI (4) 19 Corinthian skyphos: base fragment lOYR 8/4 

fine buff wi th orange surface ~ooth shiny bla:~~ 
glaze inside and CH-:t. ~ " ~/ 

505 AI (4) 20 Corinthlan p~xis lid: rim fragment 10YR,8/3 

fine yellow-buffi painted design on upper surface: 
red bands borde'ring a band of black checke'::-board: 

506 

Middle'orLate proto'corinthian (c. 700-640 BC). 

AI (4)' 30 Corinthi8n sky'phos:, basé frAC]rnent 7. 5YR 7/5 

fine orange, with re~ paint in the "ra~iating base 
lines" pattern, ana red circle underneath base. 

~ 
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508 --

- 509 \ 

510 -

AI (5A) 25 Mycenae~n vessei: fragment of spout 
5Y 7/1 

fine green (ltMinyan")i a rnatt brown horizontal 
stripe of paint around the rim, with attached brown 
vertical stripes. 

, , 
\-

1 

AI (SC) 6 Mycenaean'closed vessel(?): wall ~ragrnent 
lQYR 8/3 

, ' 

fine' buff, wi th one,- wide and three nar'row bands of 
red lustrous paint (5YR 6/8) on the outsidei th. 0.5; 
LB IlIA or II"IB. 

, 
AI (6) l Mycenaean kylix: base fragment 7.5YR 7/4' 

fine yel1ôw-orange, with black pa,int on upper surface; 
LH IlIA or IIIB. 

AI (7) 277 EH rI vessel: 'wall fragment 10YR 7/1 

fine grey, with rnottled dull red, brown, yellow and 
grey surfaces, slipped and polished (cf. Caskey and 
Caskey 1960:" 153); possibly from sauceboat; th. 

, 0.3-0.4. 

180 

\ \ 

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

fine beige; interior dull black glaze, exterior dull 
black g'laze under base ring inside wh,ich' two concentric 
circles and filled centre in red painti d. ,4.0 . 

. 
512 AII~ 1 (1) 5 Corinthian large" closed vessel: base ;fragment 

7.5YR 8/4 

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

AllI (1) 12 Corinthian pyxis lid: rim fragment 10YR 7/3 

fine buff with traces of white or pale pink slip on 
upper surface; d. ~2.0. 
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" 

AllI (3) 8 Corinthian pyxis lid: fragment 7.SYR 7/4 

fine buff-orange, with filled centre and compass­
drawn concentric circ les in dark red paint on upper 
surface; Late- or Subgeometric (c. 750-650 BC) .. 

AllI (3) 37 

This sample was taken but not analysed. The number 
remains in the catalogue to simplify th~ coordination- ~ 
of analytical and archaeological records. 

516 AllI (4B) 7 Mycenaean kylix: base fragment 7.5YR 7/4 

,518 ,-

fine o~ange-brown, with traces of ~ed paint on upper 
~urface; LH IlIA or IIIB; d. 9.0. 

AllI (5) 2 Mycena~an conie al bow1: rim fragment 
10YR 8/4 

fine buff with yellowish'slip inside and out; pa~nted 
with a black band on the ,inside and a broaw red band 
on outside of rim and top of shoulder; LH IlIA or IIIBi 
d. 56. . 

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

possibly rather an amphorai up1ifted horizontal handle 
attached at rim; fine buif with traces of black and 
red paint on outside; LB III. 

519 AIIIS (4) l Mycenaean vessel: wall fragment 2~SY 7/3 

pale grey with tiny black inclusions; unslippedi a 
single band of dull brown paint 0.6 broad; th. 0.4-', 
0.6; LH IIIC? rl 

520 AIIIS (4) 3 Mycenaean deep bowl: rim fragment 10YR B/3 

fine pale yellow, with high-quality black'~ustro~s 
pai~t insidé and out; d. 18, th. 0.4-0.5; ~H IIIA,or 
IIIB. ~ 

, ' 

.' ' 

.' 
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521 

,522 

AI (3) 51 Corinthian larnp: spout fragment 7.5YR 7/4 

fine ~uff, wit~ black ilaze inside body and spout; 
semi-open type; 5th century BC? 

,AIl (6B) l Mycenaeap open vessel: 
7.5YR 8/4 

wall fragment 
.... 

fine buff, with a cr~am slip inside and out; a black 
band-of paint inside, and a black band with~red cross­
hatching outside (FM 78); LB l or II. 

523 AIl (68) 6 Mycenaean vessel: -wall fragment 7.5YR 8/4 

182 

.fine buff, with a 'crearn slip inside and out; on the' out­
side, two parallel wavy red lines painted between 
two parallel straight horizontal red lines (FM 53.9); 
La l or II., 

524 AIl (6B) Il Mycenaean open vessel: handle fragment 
7.SYR 7/4 

525 

fine buff, with a, crearn slip inside and out; a stripe 
of brown paint on the inside and a stripe of black on 
the outside; lower jupction of high-swung handle. 

AIl (6B) 14 Mycenaean deep bowl: handle fragment 
7.5YR 8/3 

fine buff, with a cr~am s~ip inside and out; cracked 
black paint on the inside, ~nd black vertical stripes 
under the handle on'the outsidei rirn and beginning'of 
vertical strap handle; probably LH IIlC. 

AIl (6B) 36 Myc~~aean bowl(?): rim fragment 2.5Y 8/2 
'J • 

fine buff, with a thin dull line arDund the outside 
of the rim; possibly from a snall.ow, carinated bowli 
LH II or IIIŒ 
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Early Helladic l Pottery from the 1965 Excavation (~-623) 

'Most, though not aIl, of this mater,ial was published 

in the Annual of the British School at Atnens for 1969. The 

description.,S given here maY:,,,differ slightly from the pub1ished 

ones as a result of further examination of the p<?ttery. 

601 

602 

603 

604 

605 

606 

VP65 YZ pot 4 /ryin~ pan": rim fragment 40YR 6/2 

" coarse grey-brown with burnished black slip insidei 
incised with simple strokes, spirals, and connecting 
,tangents; of mainland type as opposed, to Cyclad{c 
'(Renfrew 1972: 536); ill. Fossey 1969: 68 top right. 

VP65 Z JI jar: r,im fragment 5YR 7/3 

fine dark red, uns1ipped but burnished; thick f1aring 
rim; i11. Fossey 1969: 66 top left. 

' VP65 Z JlO jar: shou1der fragment 7.5YR 7/6 

fine orange-buff; pattern of small ,stamped triangles 
on shou1der, combined with deep incised lines and 
srnaller, shallower incisions) ill. Fossey i969: 66 
top centre. 

VP65 Z .Jll 
10YR 6/1 

jug: fragment of neck and shoulder 

coarse grey with small black inclusions (similar to 
608); incised lines in groups of three on shoulder; 
ill. Fossey 1969: 66 centre. 

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

fine buff, with traces, of smoothing lines on' outside; 
heavy loop handle rising above rim; ill. Fossey 19,69: 
66 top right. 

VP65 Z B3 bowt: rim ,fragment 10YR 7/3 

fine buff, with thin red slip (5YR 6/6) ~nside and 
out, burnishedi flat-rimmed shallow bowl with a hole 
pierèed a little below the rim; ill. Fossey 1969: 
66 top right. 

, . 

" 
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6,12 

1, • 

VP65 Z Pl 
10YR 7/3 

, \ 

Itfrying pan" (?): ri,m fragment. 

coarse orange~ unslipp~d, 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 IIfrying pan" 
it is of Syros type" (Renfrew 1972: 528); ill. Fossey 
1969: 66 ~ottom right. 

VP65 Z P2 "frying pan": rim fragment 2.~Y 6/2 

c~arse-grey with small black or dark grey inclusions 
(similar to 604); decorated with i~pressed,spirals, 
j_oining lineS;-and tiny stamped triangles; ill. Fossey 
1969: 66 bottom right.: 

VP65 Z Ml ladle(?): bowl fr'agment 7.5YR 7/4 

fine pink! with good ... quality dark red sl'ip (2.5YR 4/6) 
oovering the outer surface; d. 6; cf. ~legen 1928: 
96 fig. 84. 

-
VP65 y B27 'bow'l: rim fragment 7.5YR 6/8 

184 

semifine red with a few tiny black and white inclusions; 
a 9ull, dark red slip-inside (2.5YR 7/6) and out 
(lOR 6/6); a disorderly double row of deep, point 
impressions a10ng the flattened rimi d. 32, th., 0.9; 
cf. Goldman 1931: III fig. 146, 8. 

\TP65 y P2 "frying pan": rim fragment 10YR 6/2 

coarse grey-brown, 'neither slipped nor burnished; 
decorated with radial strokes, deeply inciséd, on 
upper surface and along edgei of rnainland type, as 
6,0.1 (Renf~e\V 1972: 536); ill. Fossey 1969: 63 
bottom right. 

VP65 y Pl IIfrying pan ll
: rim fragment 2.5Y 6/2' 

coarse grey-b1;own, with grey b"urnished slip outside; 
on the upper surface, incision forming three concentric 
circles, the inner and outer in-zig-zag forro, th? middle 
of short radial strokesi of .mainland type (Renfrew 1972: 
536); ill. Fossey 1969: 63 bottom ri~ht. 
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VP65 y Ml 
10;YR 6/2 . 
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lIscoop" (?'): complete prOfile preserved. 

coarse red with large (c. 0.2) grey-brown i~c1usions; 
burnished inside and out; possib1y rather a narrow­
mouthed jug; i11. Fossey 1969: 63 bottom left 

1 (restored as a scoop). 

VP65 Y J6 jar: rim fragment 10YR 7/3 

fine buff, neither slipped nor burnished; outturned 
lipi knob decoratipn àpp1ied on outside at constriction 
of neck; i1l. Fossey 1969: 61 top right. 

VP65 y Jl 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 lef~ 

VP65 X B20 bowl: ri~ fragment 2.5Y 8/1 
-jf 

fine buff, with burnished slip~ dark red (2.5YR 4/6) 
inside and red-brm..;il (5YR 5/6) Qutsidej wide bo~ll 
with flattened rim and trurnpet-ended handle; ill. 
Fossey 1969: 58 middle righ~. 

.... VP65, X J19 
to belly 
10YR 6/4 

small jar: piofile preserved from rim 

fine buff-orange, unslipped but fire-b~ackened outsidej 
high collar neck; ill.Fossey 1969: 56 lower left. 

VP65 X J20' 
lOYR 6/4 

srnall ja~ complete from neck down 
'\ ' 

finè buff-pink, with thin dark o~ange (2.5YR 6/8) 
matt slip outsidej attachment for handle preserved 
on bellYi,îll. Fossey 1969: 56 lower middle. 

VP'65 "'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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VP65 X J22 
neck down 
5YR 8/1 

smal1 jar: complete from base of 

fine pale pink, varying to pale green, without slip 
or burnish; traces of shaping marks on lower exterior; 
ill. Fossey 1969:' 56 lowe;- right. 

VP65 X M3 
preserved 
7.5YR 7/4 

small,Pspoon": complete prbfile 

fine pink, with red slip (2.5YR 6/6) inside and out; 
beginning of 'vertical ring han dIe preserved on rim; 
ill. FoOssey 1969: 58 bottom l~,~t. 

VP65 X MS 
7.5YR 7/5' 

"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 o'f the shallow side; vessel 
flares both upwards and downwards, with a double 

\hori~ontal strap handle and incised slashes around 
~o~itrictioni probably six bored holes spaced around 
vessel on shallow side; ill. -Fossey 1969: 58 bottom 
right. 

~' 

186 

VP65 X M4 lentoid pyxis: most of body preserved 
lOYR 7/2 

coarse grey-brown with sorne 1ight-coloured inclusions: 
slightly flattened base, d. 8: traces of~burning on 
outside: ill. Fossey 1969: 58 bottorn middle. 
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5. THE ANALYSES: NEUTRON ACTIVATION PROCEDURES 
) 

5.1 Choice of method 

Neutron activation has several advantages over other 
~{ 

techniques for "this set of analyses. Sorne of these advan-

'tages are intrinsic to the method, whereas others depend 

more on the particu1ar circumstances of this'project. There 

~. 

'" f _ \ 1,' 

are a1so a few disadvantages which must be ~taken into account'. 

.This section discusses the factors l~ad~ng to the choice of 

anal'ytical technique'. 

First proposed as an analytical rnethod soon after the 

discovery of the .neutron (von Hevesy and Levi 1936), neutron 

.~ctivation became a routine method for trace analysis witp 

the development of ~uclear reactors in the 1940's. The basic 
, 0 " 

principle is simple, though rnany refinernents have been 

deVèloped. These are covered in several reference works 

(e.g., Lyon 1964;, De Soete et al. 1972; Coomber 1975), soonly 
. . 

a brief summary will be presented here. 

When' ~aterial to be analyzed is placed in a flux of 

'neutrons, sorne of' the neut~ons will, be, absorbed by nuclei in 

., the sample. If,thè resultipg nuclei are unstable, the sample 

will give off radiations for sorne tirne following the irradia-

tion. The\~~--asu're of these radiations can be used to identify 
\'\ 

the radioad~ive nuclei~ and the intensity can be used to 
\ j 

calculate th~ quanti ty of the stable pre'cursor e"i~rnent in the 
\ '\ ' 

\ \ 
sample. Mos\\analytical determinations are mqde relative to 

u 

. 
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" 
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a standard of known composition subjected to the same treatment 

as the sample, making the calculations quite simple (see below, 

section 5.2.6)_ 

Unlike most analytical methods, neutron activation relies 

on properties of the atomic nucleus for its sensitivity and 

discrimination. These properties include the activation cross-

seqtion, or the ease with which,a nucleus can absorb a neutron; 

the half-lite of the transformed nucleus, which in most cases 

remains unstable ~ven after the prompt emission of a gamma 

raYi and the mode of decay of that nucleus, usually by the 

emission of a beta particle (and an antineutfino) immediately 

followed by one or more gamma Fays. The great sensitivity of 

the technique (for sorne "elements) arises from the fact that 

one can count these emerging gamma rays directly and relate 

their number to the number of activated ~uclei. Even th~ugh 

a very small proportion of the nuclei of a given element are 

activated, their total number can be very large. If their 

half-life and gamma-ray energies are suitable, many disin-

tegrations can be counted in a short time, and t~e number of 

those nuclei estimated with seme precision. 

The multielement capability of neutron activation anal-

ysis arises from the very narrow bandwidth of the gamma rays. 

Analysts could not take full advantage of their monoenergetic 

nature, 'however, until the development of the semiconductor 
! 

g,anuna-ray spectrometer in the' early 1960' s'' (see reviews by 

Goulding 1966; Hollander and Perlman 1966). With this 



·! 

l 

1 

1 

instrument, hundreds of gamma rays can be resolve~,a~:OWing 

the concentrations of many elements to be determine~ from a 

single spect.rum. 
-

The high resolution oflt~e semiconductor spectrometer 

also enables measureÎnent!? to be made without any chemical 
( 

treatment of the sample. In the case of a detector,having 

low resolution, the intense gamma rays from an âbundant, 

easily-activated element can mask those of interest, requiring l 

that this element be removed ei ther before or after·' irradi-

atioh. With the newer spectrometers this is not usually 

necessary. Instrumental neutron activation analysis (INAA) is 

the term used for measurement of irradiated sample~ without 

chemical separations. Doing away with chemical treatment is 

not just a convenience, but also eliminates the possibility of 

incomplete separations and imprecision in measuring the 

.~emical yield. Nor need the sam~le be dissolved, ashed, 

melted, or otherwise transformed chemically prior to analysis, 
, 

as would be the Icase, for example, for atomic absorption or 

electrochemical methods. In fact the chemical forro of the 

elemen~s is irrelevant'to their determination by INAA. Th~ 
" , 

there is a reduced risk of contamination; that ~s, 'of inad­

vertent additions to the sample bef6r;1.rradiation (but see 

section 5.2.7.5, on contamination during sampling). 
\ 

1 
INAA also has, of course, several disadvantages. In 

.. " arder to deter~ne the concentrations of as roany elements 

as poss'ible, measurements must be made of radionuclides wi th 

' ... , • 4 _: ... _ )"... 
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half-li ves ,:ç-ahgi'rlg fram minutes to years. In practice this 

means ~erfor~n~ sevèral irradiations, and measurements on 

each sample (two and three respectively for this work). The 

wai~ between the last irradiation and the last measurement 
( 

can amount to severa~ weeks. The full analytical cycle for 

'a given sample cari require more th an a month, thoqgh as a 
1 

batch process INAA can'be quite ef~icient . 
, , 

Exposure to radiation was not found to be excessive in 

this research. In fact, the irraàiation dose accumulated by 

thi~,author over the two years o~ experiments amounted to' 

about 35 rnrem, much less th an that received fram environmerital 

sources.. Under different experi.mentâl conditions, hawe:ver, 

accumulated dose may be a significant factor in the choice 

of analytical methad. 

Unfortunately, the cost of the irradiations and meas-

urements must also be assessed. Access to a source of ',' . 
neUtrons (reactor or generator~ can be expensive, but may be 

reduced by packing.irradiation yessels 'with roany samples at 

Oonce. The cost of a gamma-ray'spectrometer is of the same 

------- arder of magnitude as that of ather modern analyt~cal 
----=--'.-.",.,.., 

instruments. Obviously, availability af~instruroentatian 
o 

will be one af the most important practical factors in the~ 

choice of analyticaL .method. For the present research aIl 

~ tne·equip.ment was at hand,> and irradiation could be 

performed conveniently (but nat without charge) at a nearby 

facility. 

.. 
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The final practical consideration has to do with p~evious 

research in the same archaeological domain. Provenance 

determinations of Greek pottery have beert carried out by 

analytical means for a quarter-century now, yielding a large 

quanti ~y of composi tional data. "Sorne of these analyses would 
, 

be directly relevant to the presen~~study, as they concern 

pottery of the same period or from the sarne area as is treated 

here. Analyses carried out by a different technique, however, 

·are not 'easily comparable to INAA data, for usually there are 

few elements ~nalyzed in common. Even when there are severa! 

elements in common, questions of standardization and 

calibration often make cornparisons vfI!-ry difficult. '(For 

discussion of INAA comparisons b~tween laboratories, see 

Yellin et al. 1978; Harbottle 1980; Yeh and Harbottle 1981; 

f,or problems in long-term reproducibility of analyses from 

a single lab, see Catling et al. 1980, pp. 61,...63,) For this· 

study, it was most important to be able to include data from 

two earlier phases of Early Bronze Age provenanc~ analysis: 

the examination of pottery production at Lake Vouliagméni 

(Attas 1975)' and at Lema (Attas 1980). Neutron activation 

analyses of Greek Late Bronze Age pottery have been 

carried out at the Lawrence Berkeley Laboratory (Karageo~ghis 

et al. 1972i Asaro and Perlman 1973) and at Brookhaven 
<fi 

National Laboratory (Bieber et al. 1976a). The desirability 

of'rnaking comparisons with these' large banks of .data was the 

last factor in the choice of instrumental neutron activa-
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tion analysi s as the preferred meth"od for this study. 

5.2 Experimental procedure 

5.2.1 Introduction ~ 

The procedure used. for ,the analyses performed'at McGill 

University has been adapted from those in use at other es­

tablishments perfonming routine"instrumental neutron activà~ 

tions. Features of several laboratories have been combined 

to suit the archàeological and technical requirements of the 

McGill research. Each section below treats one step in the 

192 

analysis and compares it to equivalent steps in use elsewhere. 

A final section discusse~ the validity of intercomparisons 

between the data of several laboratoiies, in the context of 

estimating the accuracy of the McGill results. ~he following 

abbreviations are used to denote archaeometric laboratories: 

BNL=Brookhaven National Laboratory; U.S.A. 
principal researchers: G. Harbottle and E.V. Sayre, 
Department of Chernistry 

LBL=Lawrence Berkeley Laboratory, 
California, U.S.A. 

\ . 

Universi ty of 

principal researchers: F. 
(the latter now at HU)· 

t'., 
Asaro and I. Perlman 

., , ,\ . 
'HU=Hebrew Uni versi ty of Jerusalem, Israel 

principal researchers: I. perlman and J. Yellin,· ~ 
Laboratory for Archaeometry . 

GANOS=Groupe d'Archéologie Nucléaire d'Orsay-Saclay 
- Laboratoire Pierre Süe, Centre d'Etudes Nucléairés 

de Saclay, France, and Laboratoire de Spectrométrie 
Nucléaire, Orsay, France 
pri'ncipal researcher: F. Widemann 

U.'of T=SLOWPOKE Reactor facility, University of Tor0nto, 
Canada -
princ,ipal researcher.: R.G.V. Hancock 
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Poly=Insti tut de G€n'ie Nuc1~aire, Installation SLOWPOKE 
Ecole Polytechnique de Montréal, Canada 
,(archaeometric work is carried out primarily by 
,external researchers) 

'5.2.2 Sarnpling 

Sarnpling w~s carried out in August and September of 1977 

in the Archaeological Museums at ancient Corinth (material 

from Ker~dh~ki, Koràkou, Phlious, .and-zygouriés), at Argos 
f 

(Lerna material), and in the Lion~rdho at Nàvplion (Asine 

mat~rial). The latter storehouse was visi~ed àgain in ' 

'October', 1980, to sample Tiryns material and supplementary 

objects from Asine. 

Finely-powdered pottery was extracted 'from a broken 

edge of each sherd using an ordinary hand drill fitted with 

a solid tungsten-carbide bit and fixed te a table. The epge 

of- the sherd was first cleaned by ~,craping itwi th the side 

of the turning bit; the bit was wiped before the actual. 

sample was taken. Bit diameters were 2.4 mm (3/32 inch) 

fer most sherds, but 1.6 mm (1/16 inch) fOr the thinnest 

ones. In order ta extract several hundred mg of powder, two 

or 'three larger holes or half a dozen smaller ones were 

drilled parallel ta the original surfaces of the pot. ,The 

powder was collected on a fresh sheet of paper and tmme~iately 

tr'ansferred to a polyethylene vial. 

Larger quantities of powder were required from sherds 

with a heterogeneous paste (i.'e., coarse wares, containing 

bits of tempering rnaterial or ether,inclusions), in'arder ta 

... ' 

" 
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ensure that the sam~le be represéntative'of the sherd as a 

whole. (The aim of the analysis i5 ta determine the -_overall 

paste composition rather than that of the clay fraction alonei 

these approaches are contrasted in section 2.3.) A theoret-
\ 

ical treatment indicating the amount of samp1e required ta' 

ensure a gi ven degree of representati vi ty, based on 'the size 

and abundance of inclusions, has b~en published by Bromund 

et al. (1976). Their graph indicates that for most of our 

potsherds, sample sizes of the order of tenths of a cubic 

centimetre are ample. As the thinnest pottery usually has 

the finest paste, restricted sample siz~ i5 not a problem, 

even in cases where only a few smal1 hales can be dri11ed. 

The representativity of the sampling is further discussed 

below (section 5.3), where its contribution ta the overal~ 
,t 

analytica1 reproducibility i5 estimated. Consideration of 

the effects of_5arnple contamination from the drill bit, a 

problem more serious than' previously estimated (Attas et al. 

1977, p. 36; Attas 1980, pp. 51-52) is also discussed 

'separately (section 5.2. 7 .5) . 

This, method of samplin9, also used by the BNL tearn 

(Aba5cal-M. et al. 1974, p. 86), was chosen because it causes 
. 

-less obvious damage to the sherd than others. That the 

archaeological' usefulness of the sherd be unchanged after 

sampling was a standard prerequisite to obtaining permission ... 

to samp1e in most Greek museums. DéOther methods curre.Ittly 

employed include drilling shal10w holes into the sherd's 
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r 
abraded surface using a synthetic-sapphire bit of l cm di-

arneter (Per1man and. Asaro 1969, p. 21; also. used by GANOS), 
-. 

and hammering an abraded sherd enc10sed between heavy sheets 
1 

of polyethylenE7' (Birgül et al. 1977, p. 46). With these 

to the sherd would have been up.acceptable to the Greek 

authori ties. 

A few of the samples from very crurnbly, poorly-fired 

objects contained lumps of various sorts. These were cru'shed 

to powder in a porce1ain roortar. 

5.2.3 Preparation and encapsulation 

Once in powdered forro, each sample was p1aced in a 

porcelain crucible and baked at 1000 oC for _thirty minutes. 

This procedure drove off trapped water, decomposed Calcium 

carbonates, and axidized i~on ta the +3 state. In this way 

the effect of variatiOns ~n the original firing are reduced 

(see section 2.3). Baking-is carried out by GANOS; a recent 

study at U of T (Franklin and Hancock 1979), reaffirms its 

value. 

The standard container for irradiations in'many reactors, , 

including the SLOWPOKE, is a small polyethylene snap-top 

,capsule (Hancock 1976, p. 1444). The SLOWPOKE capsule has 

an ex,!:ernal diameter of 16 mm and a length of 54 mm. Usua1ly .. 
it contains two polyethylene sam~le vials of external diameter 

12 nnn and length 24 mm (volume approxirnately 1. 4 ml) placed 

" 
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end-to-end. -' As 300 mg of powder only half-filled these vials 1 

eaeh vial was eut in half before filling, thereby enabling' 

to 

of thern, to fit into each capsule. The packaging pro-

was as follows: a stainless-steel scalpel was used 

off the upper half of each vial, which was discarded, 

except for the cap. The lower half was fi~~ed with 250 to 

300 mg of pottery powder, weighed to the nearest 0.02 mg. It 

was then capped, labelled with an indelible felt marker, 
'," 

heat-sealed with a copper-tipped soldering iron, and trimmed 

of pr'otruding polyethylene with the scalpel. On seve\ral 

occasions empty vials handled in the same way were' tested 

and found not to contribute significant1y to the concentrations' 

of any elements determined. 

Two other methods of sample preparation are more corrunon. 

The BNL group fills quartz tubes with, 40 mg of pottery powder 

(Abascal-M. et al.' 1974, p~ 86); this was ~he procedure at 

McGill when the NRX'reacEor at Chalk River was used for the 

irradiations (Attas et al. 1977; Birgül et al. 1977). In 

fact, to maintain consistency, the McGill work on Turkish 

pottery is being carried out using quartz tubes packed 

eight tnto each polyethylene capsule for irradiation in the 

SLOWPOKE reactor (D. Dautet, personal communication 1981). 

It was fe1t that in order to compensate for the re1atively 

low neutron flux of the SLOWPOKE, irradiation of a large 

sample was important to this study. Although each poly-

ethyl~ne capsule could contain more quartz tubes than ha1f-

J / 
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vials, the greater volume of tpe half-vials influenced the 

decision in their favour. 
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The LBL, HU, and GANOS groups irradiate pottery samples 

in the J,form of disks, made by compressing a mixture of 100 mg 

of pottery powder and 50 mg of cellulose in a hand-press 

(Perlman and Asaro 1969, p"" 2 2 i Yellïn et al. 1978, p'. 97; 

Attas et al ...... f_979). The advantage af this method is that 

the dimensions of the disks are extremely consistent, al-

lowing the samples to be pazi tioned autoJ;na tically, very close 

to the surface qf the detector can, for high-efficiency gamma-

ray measuremen ts . lts disadvantages are the long preparation 

time and the extra oppartunities for contamination of the 

sample. A practised technician at GANOS required over two , ~ 

hours to prepare a set of twelve sarnple disks (J. Sturton, 

personal communication 1978), wh,ereas at McG:i,.ll the same 

number of vials could be pre~ared in an hour . 

5.2.4 Irradiation and measurernent schedules , 

Three rneasurernents were made of the gamma-ray emissions 

of each sample (Table 5-1). A short irradiation at Poly, 

Il lasting two minutes at a flux of 10 neutrons per square 

centimetre per second, was followed after a de1ay of ten 

minutes by a measurement period of ten minutes. This meas-

urement served to determine elements whose activated forros 

- have half-li ves on the arder of minutes or hours. The 

samples were irradiated one at a time. Their gamma~ray 

, . 
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TABLE 5-I: Irradiation 

\ &. 

and~easurernent Schedules 

Short irradiation 

Long irradiation 

first measurement 
o 

second measurement 

Neutron 
flux 

(cm- 2 s-l) 

1011, 

10
12 

Dur a t ion 
Irradiation Decay 

(t. ) (td ), 
~ 

120 s' 600 s 

0.25 dày 

4-6 days 

20-40 days 

4 -, 

o f 
Measuremen,!= 

(t ) 
c 

600 s 

0.0463 day 

0.1157 day 

Note: e1ements listed in parentheses are determined with very poor precision . 

.. .. 

.' 
~ 

- ... 

" 

':-

Elements deteimined 

Na, Mg, Ca, Al, Ti, V, Mn 

Na, K, Sc, La, (Sm), Yb, 
(Lu), (U), W, As, (Sb) 

Rb, Cs, '(Ba}, Sc, Ce, Eu~,­

Th, Hf, (Ta)., Cr, Fe, Co, 
(Ni), (Sb) 

~ 

.. ' 

..... ' , 

\D 
_ 00 
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spectra.were acquired using either a large- olUme or a 

medium-volume lithium-drifted-germanium ctor. These 

detectors each had a resolution ot just over 2 keV full width 

at half maximum (FWHM) at 1332 keV. In bath cases the signal 

,was fed, th,rough standard preamplifier and amplifier modules 

to a Canberra 4096-channel pulse-height ,analyzer'. A linear 

energy calibration of the analyzer (usually 0 to 4 keV over 

the 4096-channel range) allowed peaks corresponding to 

activated É!lernents of interest to be readily identified on. 

the cathode-ray display. The areas under these peaks and 

under, nearby background regions '(selected by the user) were 

calculated by the analyzer and printed. 

The second irradiation'was performed several weeks 

after the first, on batches of twelve half-vials. Thes~ 

-
occupied three sites of the Poly SLOWPOKE, packed four to 

a capsule. 

12 

The irradiation time was 6 hours at a flux of 

10 neutrons -2 cm s-l, which was the maximum available at 

,the SLOWPOKE. After four days, the samples were returned to 

the McGill University Radiochemistry Laboratory for a 

sequence of two measurernents. The same gamma-ray spectro-

meter was used for both: a vertically-rnountea lithiurn­

drifted-gèrmanium detector of medium volume linked thr~ugh' 

'standard prea~plifier and amplifier modules to a Nuclear 

Data Madel 2200 multichannel analyzer. (Resolution of the 

system was relatively poor, usually 3-4 keV FWHM at 1332 keV, 

owing t~ difficulties in keeping the crystal cool.) In these 
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cases, however, spectrum -data were not printed, but trans-

ferred to m~gnetic tape for sub~equent processing at the 

McGill University Computing Centre. Energy calibration was 

achièved by recording the spectrum of a stândard source 

(~26Ra) before the measurements of each bat ch of samples. 

The first measurement at McGill took place four to six 
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day~ after the long irradiation. This served to determine LI 

elements whose activated forms have half-lives on the o'rder 

of a few days. 'Each half-via'l was placed in a holder 

mounted. coaxially wi th a distance of 48 mm (" shelf 4") 

between the, bottom of the vial and the top of th,e detector. 

cano 'The gamma spectrum was acquired for a live time of 

4'000 seconds (about 70 minutes including the ayerage 5% 

dead time) . 
, 

After a fûrther wait of two to three weeks, each sample 

was measured again for 10 000" seconds (just under 3 hours) or 

more. This measurement served to determine elements whose 

activated forros have half-lives of several weeks or more. 

The distance from sample to detector can was 19 mm for 

(

hiS measurement ("shelf 2")., 

. This schedule of irradiations and gamma-ray roeasurements 

~s designed to determine the concentrations of as ,many 

elements as possible within the limit.ations of the availa-

bility of the instruments. It is quite similar, to those in 

use at other laboratories since most of them de termine the . ~ 

same elements. There are variations in fhe in'tervals and 
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the counting durations, and sorne laboratories perform-more 
.. 

'measurements in aIl. A significant advance has been imple-

. mented at LBL and HU with the use of small-volume detectors 

of extremely high resolution to measure low-energy garruna 

rays (Yellin et al. 1977). At least 4 measurements are 

performed, but more elements can be determined, and the 

determinations are much more precise than they would have 

been with a larger detec~or of lower resolution. Discussion 

of the choic~ ofcelements determined and factors affecting 

their precision is reserved until after the sections on 

standardization and on calculations. 

5'.2'.5 Standardization 

5.2.5.1 Selection of standard 

Most activation analyses are carried out using a 

• Il relative" technique and the present work is no exception. 

, . 

In addition to being simpler than absolute methods, it is 

more accurate, sinee a number of physical and experimental 

parameters need not be included in the calculations (Lukens 

1972). Instead, a standard of known composition is ir-

radiated under the sarne conditions as the sample. If 

their acti vities are also measured under identieal condi-
~ 

tions, the activity ratio for e<;lch element 1s equal to the 
, 

ratio of the mass of that elemen~ present in the ?ample and 
\ 

in tpe standard. (The relevant equations are presented in 

section 5.2.6.2.) 
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Clearly, accurate determinations of elements in samples 

depend on having a standard whose composition is well-known. .. ' 

Sing le-elemen t standards are not di f f icul t ta prepare, 'but .for 

best efficiency of operations a multi-element standard is pre-

ferred. For pottery analysis 1 many archaeometri~ laboratories 

use either a set of rock standards from the United States Geo-

logical Service (BNL), or a single pottery standard prepared 

by Perlman and Asaro (LBL, HU, GANOS). Slight discrepancies 

exist in analyses conducted using these two standards, but 

these are gradua1ly being resolved (Harbottle 1980; Yeh and 

Harbottle 1981). Since previous analyses of Greek Early Bronze 

Age pottery had used the Perlman-Asaro standard (Attas et al. 

1977; 1979), direct comparisons were simplified by using i t 

for the present work as weIL The major difficulty in using 

this standard, whose composition is given in Table 5-11, is 

that the supply i5 almost exhausted. Had We' .~een required to 

incl ude one or more· uni ts of standard wi th every irradiation, 

as is cornmon_ly done in most activation analysis laboratories, 

these analyses could not have De en carried out using this 

standard. Fortunately, an unusual design feature of the 

SLOWPQKE reactor, described below, permitted us to use up 

on1y a very $rna11 quanti ty of standard pottery. 

5. 2. 5 • 2 SL0W'0KE reactor stabili ty 

The SLOWPOKE reactor wa5 designed by Atomic Ener'gy of 

Canada Lirni ted to be a safe, extremely stable source of 
... 

Il 
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TABLE 5-II: Composition of Perlmaq-Asaro 

* 

Standatd Pottery* 

". , 
~ 

Spoc.- ChomooJI. e_ - T __ t DoII1 .. _ _v..... .~ 
's,mboI -- .... ..... lC1 1 (153 :co'.2) x 1~ .. -- "'Sb .-. ... 3 11.88 = 012) )( ID-' 

'Mg, _oct" 1173=00111 x ID-' (1,71 =005) x 1~ , Sb, - ..... '-'1C1 3 (lM ± 0 22) x 100i .... 
a.- '''lia .-. let 2 (113±0~2) x ID-' 

ilia. .-. oct " (ID::!: 11) x 1Q-4 (712 ± 032) x 10-" ··80 - "Br neullC1 3 (2.3 ::!: 0 il x 10-' ' Br 
c:- "CIl nlUllet 3 <, X I~ ... ...., <, X 10-1 

_ehom <2x 1~ <2 x ID-' Ca 

c- cc, C-H_ (3 =31 X 1~ C 

Cenum "'Ce ..... let " Il.03 = 0.311) x 10-' Ca 

c-.n "'Co ..... let " (8.31 = 0 51) x 1&-" Co 

CHarww '"CI _ICI 1 <1.3 x IQ-4 C 

CIwanoum "(;, 
-'ICI " Il,151 = 0.0311 x .0-' CI 

c:œ. '"Co .-...,. " (1 40e = 0-015)( 10'" Co 

c- '"Cu _1<:12 180::!: 0.8) X !C)', 

cu -- 15.8:1: 0.5) X I()"I (5.11 = 0 51 )( 10-' cu 
~ ""Dy '*'1 lC1 2 (4.711 ::t: 0.111) X 10-' Dy 

~ '-eu _tel 2 (1 285 = 0,0481 x lQ-4 

"eu ..... ICI " (1 2U::t: 0,04 7) x lQ-4 (1.2111 ::t: 0.03")( Jo-' Eu 

a....m na. MUt K1 2 (" "" '" 00'48) x 10-' G. 

GOId , .. ..., _ ... 3 
:!; 1 )( ID-' .., H_ 

l"Hf -..,- (11.23 = o. .. ) X 10-' HI 

~ H,o C-H_ ~4 + O~X 10" 
- O. 

H ,- """n _ICI 2 ".08 = 0.(8) X 10-' ln 

lion "F. nIUI~ 4"; (1.017 '" 0.012) X 10-' Ft 

~ '''lAI _..,3 (4.411O % 0.(45) )( 10-' LI 

~ '"Lu '*"1ICt 3:;. ...... (4.02 '" 0.38) X 10'" Lu 

~ "Mg '*11 tet t::::. ~ 15", 2) X 10" 

... - (7::>2) X 10" (5::t: 2) X 10" Mg 

M_ ....... -..;.~ (4.()g = O~) X 10" Mn - '"Co nouI 0<1 , 12.7i = 0.201 X 10-' N. - "le nouI 0<1 2 (1.35 % 0.04) X 10-' K - '"Rb 'WU" " 17.00 ::t: 0.031 X 10'" II> -- "'Sm nout 0<1 3 115.78::1; 0.12) X 10-' ~ 

Sc-.m "!c nouIlCI 4 (2.0118 :t: 0.033) )( 10-' Sc 

~- SoC, .... - 111.04 % 0.03) X 10-' 500, 
-.... "H. _0<12 (2.118 % 0.04) X 10-' • N. 

SmImun -s, l''IIUt ICI 2 ;1.4& = 0.22) )( 10-" St 
T_ 'ar. 

_.., 4 
(1..1150 ::t: o.a..) X 10-' T. 

1horvn "'Pa """'ICI 4 (1.3"::t: 00311) X 10-' Th 

T~_ "Sc '*" Kt 3 17.82 ::t: 0.34)( 10'" T. 

Utonoum "'No nouIlCI 3 14.82 ::t: 00'44) X ID-' U 

-... '''Yb ...... teI 3 12SO!!:030) X 1~ Yb 

Zinc "Zn '*" 0<1 Il (&.11 ::1; 0.8) X 10-' Zn-

.n.... COft'IC)OIrtlOllland .. omen W'I tr. -...,. to 'hl! ~ unfnI ~ ~, 
In.....-., lM e ...... """ Ihot-.g ""_:_ «1 '. __ ... __ _ __ '"-"""..,.y....,~_lCtl, ____ far..-1ooo 
_ 't»t;""" ... 3,. _nouItOn~_-...far_ ....... "05 __ «14, 
..... ___ "'" __ for fIeII_1ongor then 5 do"1'*" oct 5, ...., .. """""" .. -. 
~ Ibout 8 l'nC)I'Itha ,n., ~~; ctOf IP«', me~ ...m opteal IC*:trQgll'''''; MIM ~ 
~ bv- _al..-...; C·H,.,." __ 01 eorllon ..... ~ bv_analyoa. 

.. 

From Perlman and Asaro (19'71., ,p. l87) 
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neutrons fqr activation analysis (AEeL 1976; Ryan èt al. 

1978). The flùx can be set ta 0.1, 0.25, 0.5 or 1.0 tiines 

the maximum aI 1012 neutrons cm2 5-1 . There is a flux 
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-1-gradient of about 1% cm along the axis of the capsule :'(and 

the reactor) at each of the five i:rradj.ation sit.es, and up ta 

5%-difference from one site ta another. These differences 

are very near1y constant in the long term, however, sa that 

at -any given positaion "the actual variation in the neutron 

flux is 1ess than" 2%" (±2a: Ryan et al. 197W, p. 89). At 

Poly, the consistency is maintained within ±2%(10) even 

through one of, the periodic (approximately biannual) up-

gradings of the reactor, involving the addition of an extra 

beryllium plate to the upper reflector. In fact, for short 

irradiations, the variation is no more than ±1% (la: 

Bergerioux et al. 1979, p. 234). This exceptiona1 stability 

a110ws researchers ta determine, for each element of inte:r;est, 

eXJlerimental activation constants for a g~ven combination of 

sample irradiation and' measurément positi6ns. Thus the 

inclusion of a standard is not necessary for every i~radiation. 

5.2.5.3 
{ 1 • { 

Determination of act~vatlon constants , 

For the short-lived elements (those measur~d at P01y), 

the Po1y values of the activation constants were u5ed. These 

had been determined by irradiating pure. cornJ?ounds and meas­

uring their activity at various distances froID the Po1y 

detectors (Saint-Pierre 1979, p. 39). __ For the longer-1ived-
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, , 

elements, a capsule containing Perlman-Asaro standard pottery 

. ~. t d f . h at 1012 neutrons cm-2 s-l~an~d Was ~rr_~~a e, or SlX ours 

taken to McGill for a series of measur~ments at the same 
\} • 1 

- , 

sample-to-detector distances used for the pottery sarnples. 

Six measurements were av~raged for the first (shelf 4) deter-

rnination, and 13 measurements were averaged for the second 

(shelf 2) determination. The precision of these measurements 

is discussed in section 5.4. 

. ' 
5.2.6 Calculations 

5.2.6.1 Spectrum processing 

Spectra from the measurements made at McGill were 

processed at the McGill University Computing Centre using the 

computer program GAMMANAL (Gunnink et al. 1967). This pr~grarn 

scans a spectrum to determine the position of "each potential 

peak, evaluates its suitability in terms of breadth, height 

above background, and multiplicity, and calculates its net 

area above a straight-line background. .This net .area _is _______ < __ ~_ 

accompanied by an uncertainty value based on the magnitude of 

the total peak and of the background. Doublets and triplets 

can be resolved if a valley is present between them. The 

eriergy of the gamma ray .forming the peak is calculated from 

the channel number of its summit using a fit _ (almop.:t .1in_e_arJ. ____ _ 

to reference peaks of kn6wn energy~ The limits of- detection 

are quite conservative, so that in a ~number of cases where 

~AL did not report a peak as significant its area could 

,/' , 
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be calculated by hand from the listing of the'chanrie~ contents. 

Many other laboratories use sophisticated large-comput~r 

programs fpr spectrum pr~cessing. At BNL, the prograrn BRUTAL 
, 

is q Control Data version of the code written by Gunnink, 

Len, and Niday (1967), ,subsequently rnodified by B.R. Erdal 

(G. Harbottle, persona1 communication 1979). The LBL group 

has created an elaborate program quite 'specific to activation 

analysis of pottery (Per1man and Asare 1969). Inste?d of 

searching, for peaks wherever they rnight be found, the program 

integrates prèdetermined regions of the spectrum Where~eaks 

are known to exist. Experimental conditions such as amplifier 

gain and system reso1ution must be strictly contro1led. A 

version of this program i~used also by GANOS. At HU, Ye11in , 
(1980) has developed a more flexible program based on the 

s~e philosophy of proçessing spectra whose general charac-. 
teristics are a1ready knewn. 

5.2.6.2 Forrnulae 

, The process of radioactive decay iS,such that the activity, 

is proportiona1 to the number of unstable atoms present, so 

that both quantities decrease exponentially with time: 

J '-Àt 
A = A e o (1) 

o 

where AD is the activity at time t=O and À ls the dècay constant 
,-. 

for the radioactive species in question. The halfrl;i.f~" t! is 

1 

l 
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relÇi ted ta À as 

.69315 
-À 

. 
The process of activation i8 a linear one" if two factors 

are determined ta be negligible. The first is that the de-

crease in N, the number of target nuclei during the period 

of irradiation t., is insignificant, 50 that N is effectively 
l 

constant. This i8 true for almost aIl analytical activations. 

( 

In the irradiation of ma teriaJ.s to produce radioa'?ti ve sources, 

however, often a substantial proportion of the target nuclei 

are transformed. Secondly, the number of activated nuclei 
0.;, 

which disintegrate during the irradiation period must not be 

significant with respect to the total number produced. 'If 

the half-life t, is much longer than t i , this will be the 

case, but otherwise the decay during irradiation must ·be 

considered in calculating the -total activity at t=ti . (A 

Iurther effect res~lting from attenuation of ther~neutron flux 

, ',t.", 
in i;l thlck samplEi!, dJ.scussed by Friedlander et al. "(1981,' 

1 

p. 116), ~s not relevant here.) With E ,the proportion of 

decays actually detected, m the mass (in grams) in the sample 

of the element under analys~8, M its atomic weight, K the 

'relative abundance of the isotope to be activated, NA 

Avogadro' s number, 0 the activation cross-sectio'n in crn~, 
, -2 -1 

~ the flux ln neutrons cm 8 ,and t i and l/À expressed in 

the sarne units of tirne, the measured activity in counts per 
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second at the end of bornbardment i5 given by, 
) 

, 
(3) 

\' 

(see Friedlander et al. 19~1, P" 425) . 
.-

After a time interval t d following the end of the ~r-

radiation; the activity Will have decreased to e-Àtd tirnes 

its former value. If the activity is then measured during a 

period of time te' the nurnber of disintegrations detected 

i5 the integral of the activity over that periode The 

-Àt integral of A e dt from t = t to t = t + t i5 l/À o d d c 

times the difference between the activities at the beginning 

and at the end of that periode This value, which corresponds 

to the observed peak area mentioned in the previous section, 

can be factored to yield 

(4) 

When t »t, the factC;;r l_e- Àtc can be,approximated by Àt ,-! c _ c 

but it proved simpler in this work to use the same formula 

for the calculation of aIl elemental concentrations. 
, 

The activity equation can be solved for Cf the concen-

tration of the element of interest in the sample (expressed. 

as a proportion). If we let w represent the total maS5 of 

tAe sample 1 then 

, . 

, 0 

,. 
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CS) 

The factors À, K, M, NA and cr are constant for a giyen 

element. The detection effi.ciency E: is constant for a given 

gamma-ray energy and measurement geometry, and as we have 

seen, so is the flux ~ for a given reactor power level and 

irradiation position. Following Bergerioux et al. (1979) 1 

who term this the semi-absolute method, we can replace aIl 

these factors by an experimentally-determined ir~adiation 

constànt, here called B: 

C Area 
= -Àt· -Xtd -At . Bw ( l-e J.) (e ) (l-e c) (6 ) 

J. 

" Th~s is the forro of the activation equation actually 

used in the calcul~tions. Values of the constants.B'for 

each e~eroent have been calculated by irradiating standards 

of known composition, and exchanging the factors C and B in 

the above equation (see section 5.2.5.3). 

5.2.6.3 Refinements 

A further simplification was made to the calculations 

of elemental concentrations based on the measurements of 

short-lived radioisotopes at Poly. For most of the samples 

the irradiation, decay, and measurement times were fixed at 

2, 10, and a further 10 ~nutes, respectively, so that the 

e~onential factors of'equation (6) remained cObstant. 

, \ 

• 1 

. L 
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Their product with B'was calcu1ateq in advance for each 

element, making the rest of the calculation particularly 

simple. Even in cases where formula (6) was used, the 
~ 

calculation was simple enough that it could be most effi-

ciently done with a programmable pocket calcu1ator. 

The sho~t irradiations were aIl performed using the 

bottom position of irradiation site l, which is the flux 

reference position for POly's SLOWPOKE. As the long ir-
,~ 

, <-1 

radiations usually t90k place in tbree of the other four 

sites, the spatial variations of flux had to be taken into 
" 

account. Measurements of these variations, made by 

sa0i:-Pierre (1979, PP: 24-26) and Kennedy (personal' com­

muniéation 1981), are summarized in Table 5-11I. For the 

early irradiations using whole capsules, the values from 

Table 5-111 were used as is; subsequently, when half-

capsules were used, the lower, or "Bas" value for each 

site was multiplied by the half-capsule value at the cor-

responding position in site 1. In- bath cases the sample , 

weights were multiplied by. this flux correction factor as 

a separate step before formula (6) wasJapplied. The calcu-

210 

lations for the e1ements measured at McGill were done at the 

McGi11 University Cbmputing Centre using punched-card data 

generated by GAMMANAL for the peak areas of interest. The 

short prograrn BETACONC, written by' J. Edward in 1980, was 

modified for the analysis of pottery to include several cor-

rections for interferences due to overlapping gamma peaks. 
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~~LE 5-11I: Spatial v~riation of Neutron F1u~ in SLOWPOKE, 

Relative to Site 1 Bas* 

Site! ,1 2 3 4 

Haut' 0 ... 972 0.988 0.981 0.945 

Bas l.OOO 1. 017 1.004 0-~968 

, ( 

* ~ 

5 

0 .. 987 

1.010 

'" ,-

ha1f-capsu1es 
in site 1 

0.943 
0,.981 

0.997 
1. 003 

• ,! • .-. ,,,~-:;:",,,,,,,~,,,,,,,._~ 

,-.. 

" 

, ' 

Data from Saint~pierr~ (1979) and ,Kennedy (persona1 comm~ication, 1981) 
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These are discussed in the fol1owing section. 

5.2.7 Methods used' to determine the concentrations 

of various elements 

5.2.7.1 Introduction 

In this section is presented detai1ed information on the 

determinatioh of each chemical e1ernent. Factors af~ecting 

the precision are rnentioned, as weIl as corrections ~~ï~h 

may have affe'cted the accuracy of the determinations. Sorne 

notes on elements whose concentration is not reported are 

,also included. 

5.2.7.2 Short irradiation (see Table 5-IV) 

Na: This element is easily measured at Poly, but thé rneas~ 

urement at McGill is more precise. Both values have 
4 
, been ca1culated,as a control on the accuracy of the 

determinations t~ee below, section 5.7.2.3). 

'Mg: A large proportion of the peak results from 27Mg produced 

R in the (n,p) reaction on 27Al . Th~re i8 an additional 

sreall contribution from the (n,a) reacti~n on 30Si . 

Corrections have been applied using i~terference factors 

experimentally determined'by Poly personnel (Galinier 
.; 

et al. 1980, p. 35). The uncertainty in these corrections, 

compounded by the fact that the Si concentration wa8 not 

measured but instead estimated to be 20-30% in cornrnon 

earthenware cerarnics (Picon 1973'4 PP . 122-129), means 

that the overall precision for Mg is low. 

Ca: The 49 ca pèak lies in an energy region both free from 

interferences and of very low background, 50 it is we1l-
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TABLE 5-IV: Elements Determined from the Short Irradiation 

Ganuna-ray 
Determined 

Half-life t energy Interfering Interference 
Element from (keV) reaction factor* 

Sodium 24
Na 15.02 h 1369, 2754 

Magnesium 27Mg 9.45 min 1014 27A1 (n,p)27Mg 5.7 
30S ' ( )27M ~ n,a 9 600 

Calcium 49
Ca 8.72 min 3084 

A1uminum 28A1 2.2'4 min 
J 

1779 28si (n,p)28Al 200 .,.. 
Titanium 51Ti 5.75 min 32Q 

Vanadium 52v 3.76 min 1434 

Manganese 
56

Mn
' 

2.58 h 1811 

~ 

t Min = minutes, h ~ hours; data from Lederer and Shirley (1978). 

* Interference factor: ,the ratio of the concentration of the interfering element 
to the apparent increase in concentration of the element being determined; e. g .. , 
if 5.7% Al results ~n an, apparent extra 1% Mg, the interfer~nce factor is 5.7. 
These val'l;les we:r~ det,~rmined by Galinier et al. (1980, p. 35). 
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suited to the deterrnination of percentage levels of 

calcium in pottery. The deter.mination from the isotope 

47ca gives less precise results, but its half-life of 

4.54 days makes it more convenient for laboratories, 

not set up for measurements immediately after irradiation. 

This element is the majo~ contributor to the activity of 

the sample at the beginning of the measurement at Poly. 

By the end of ~he measurement, its cor(tribution has 
/ 

~ diminished by 95%. Although the.-Ânâ:lyz~:r automaticall'y 

increases the measurement time by abou~~B% to compensate 

for the average dead-time over the ten-minute period, 
l 

this correction i5 best suited to elements with half-

lives long compared to the measurement time. For Al, 

and ta a les8er extent V, this results in a systematic 

underestimation of the concentration. The under­

estimation amounts ta 4-6% of the reported concentration 

for most of the samples (with an increase of 1% (10) in 

'the uncertainty), but may be lower for -samples of lower 

mass which give rise ta a lower dead-time. Since no Al 

concentration data are available for the earlier sets of 

Early Bronze Age pottery analyses, the Al values are 

used for internaI comparison only, and no correction for 

the systematic error was made. CA &malI correction for 

28A1 produced by the (n,p) reactian on 28Si has been made 

~: routinely, even though it is negligible compared ta the 

errar arising tram the dead-time correction.) 

t 
- ! 

L 

. 1 h h f f . f h 51. k" T~: A t oug ree rom ~nter erences, t e T~ pea ~s ln a 

'region of high background, which limits the precision of 

its determination. 

V: Vanadium is qui te sensitive ta analysis by neutron ac­

tivation, 50 that concentrations around 100 ppm are 

easily determined in pottery. Because the half-life of 

S2v is only 3.76 minutes, the deter~nation has a 
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systematic underestimation in the range of 2-3%, for 

reasons'explained in the paragraph on Al, above. Just 

as in that case, no correction has been made. 

Mn: The most intense peak of-2§Mn is the one at 847 keV, 

but this lies very close to a 27Mg peak at 844 keV. The 

56Mn peak at 1811 keV is sufficiently distant from the 

large peak of 28Al at 1779 keV that no interference cor-

f rections qre required. 

,'-

5.2.7.3 Long irradiation, first measurement 

(see Table 5-V) 

Na: The precision of this measurement is excellent. There is 

a small systematic error between this and the poly meas­

urement, since the McGill value is more often higher than 
. ~ 

'lowér. Although both values are reported,' o~~the second 

is used for grouping. Different standards may be~t the 

root of this'd~acrepancy, though analysis of the standard 
, ,1 

pottery at Poly (Table 5-XI) gave results for Na in excel-

lent agreement with those reported by'Perlman and Asaro 

(1969) . 

K:' Because of the relatively short half-life of 42K (12.4 

hours), the precision of the determination was dependent 

strongly on the interval between irradiation and meas­

urement. Within a given batch of twelve samples, those 

measured last had the highest uncertainty aspociated 

with the K concentration. 

S Th ' 46 . l' l Il' db' c: e lsotope Sc 15 re atlve y ong- lve, ut lt5 

activity is 50 intense that a good estimate of the Sc 

concentration can be obtained from this first measurement. 

The value is used as a control of experimenta1 condit~ns 

and calcu1ations, qeing checked against the more precise. 
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TABLE 5-V: Elements Determinèd 
.~ 

from the LO~~ Irradiation, 

Ij 
FiEst Measurement 

/ 
1 

Gamma-ray 
Determined Half-life energy 

Element from (days) (keV) Inter ferences 

24 () 

Sodium Na 0.626 1369 

Potassium 
42

K 0.515 1525 

Scandium 
46

Sc 83.8 889 

Lanthanum 140La 1.68 1596 

(Samarium) 153
Sm 1.95 

~ 

103 
239

Np 

Ytterbium 
175

Yb 4.19 396 
~ 

(Lutetium) 177
Lu 6.71 208 

2!9
N p, 

187w 

(Uranium) 
239 ' 

Np 2.35 278 

Tungsten 
187w 0.996. 479 

Arsenic 
76

As 1.10 559 

(Antimeny) 122Sb 2.72 564 

Note: Elements listed in parent~es~s are determined with very peer 
precision. 

'-=> 
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La: 

value from the second meas~rement; 

An intense peak free· from interferences is used t~, 

de~er.mine this rare earth with high precision. 
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Sm: Aithough l53Sm is the strongest activity in the pottery 

sampl~s after a few days, the region of the gamma-ray' 

spectrum around 103 keV is very complexe The isotope 

239NP , formed by beta decay from,the activated species 

of uranium, 239u, emits a gamma ray at 106 keV, and gives 

rise to, Pu X-rays at 100 and 104 keV. In most cases at 

~ McGi11, 'hone of these is res01ved from the much 1arger 

Sm gamma raye An attempt has been made to estimate the 

Np and Pu contribution, using the ratios of the peaks 

in the region 99-106 keV to the peak at 277 keV in an 

irradiated sample of pure natural u~anium. The scatter 

in the corrected Sm concentrations indicates that this 

correction was not very successful. Since at other , / 

laboratorics (e.g., GANOS) where Sm is determined more 

precisely the correlation between Sm and La concentrations 
\ 

' .. 

". 

is exact to within experimental error (Laubenheimer and' .~ 

~=.~.. Widemann 1977, p. 75) 1 the 1058 of Sm as a diagnostic 

element at McGill was not considered serious. 

Yb: Although free of interferences, the l75Yb peak.at 396 keV 

is smaii and sits on a high background, so that the de­

ter.rnination of Yb is not very precise. 

Lu: Thi~ ~s one of the elembnts which is most sensi ti ve to. 
<. "'" ~ ('0 

neutron activation, but interferences make it unsuitable 

at McGi11 for the determination of pottery provenance. 

An attempt was made to estimate the influence of the 
,\ gamma 'ray from 239Np at 209 keV and the one from I87w ~ 

at 207 keV, but these corrections were found to be un'­

reliable. The BNL group have aiso had problems with,Lu 

(Fil~ières I978f, but:. GANOS and bther groups who do not 
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sample with tungsten carbide bits report resu1ts of 

good precision . 

. The concentration ·of Il was measured (using 239NP ) 

in order to make an approximate correction to the Sm 

and Lu concentrations. The determination Was never 

precise, and occasionally uranium was not detedted~ 
This imprec~sion was the major contribution ta the poor 

values for the Sm and Lu concentrati9ns. 

The precision of the measurement i5 excellent; however, 
, , 

roost of the W has entered the sarnple by contamination 

from the drill bit (see section 5.2.7.5). Its con­

centration in standard pottery is very 1ow, but an' 

lndependent check of the irradiation constant with pure 

irradiated tungsten gave agreement within 6%. The GANOS 

values are consistent within eacn capsule (group of ten 

samples), but they seem' to incorporate a systematic 

error varying from one capsule ta another. Use of the ~ 

GANOS values to ~rrect the Co concen~rations i5 _ 

discus5ed in section 6.3.2. 

As: The deterrnination of As presents no problems, as ,the 

peak at 559 keV is easily separated from those of B2Br 
at 554 keV and 122Sb at 564 keV. 

Sb: An attempt,was made ta determine Sb using the'122Sb 

peak at 564 keV, but in about one third of the-meas­

urements it was not detected, and agreemènt with the 

l 1 " d' ' 124Sb ong- ~ve ~sotope was poor. 

5.2.7.4 Long irradiation, secQnd measurement 

(see Table 5-VI) 

Rb: Although the peak is small, it i5 free of interferences,~ 

The McGil1 determination is more precise than that of 
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TABLE 5-VI: Elements Deteonined fram the Long Irradiation, , , 
l Second Measurement 1 

Gamma-ray 
Determined Half-life energy 

r 
Ele1l'ient (days) (keV) Interferences .1 from 

; 
1 86

Rb Rubidium 18.65 1077 
~ '. 

t 
~I 

134C$ 
, 124

Sb 
! 

Cesium 753 605, 796 at 603- keV 

\ (Barium) 
131

Ba Il. 7 496 ~ f 
j 46

sc 
182 

Scandium 83.8 889, 1120 Ta at 1122 keV 

Cerium 
14l

ce ~32. 5 145 

Euro}>Îlnn 
l52

Eu 4894 1408 

Thorium 
233pa 27.0' -312 

181
Uf 

• î-
Hafnium 42.4 482 

L Tàntalum 
182

Ta 115 un 
t 51- ~ 

j Chromium Cr 27.7 '320 
1 , 
! 59Fe 182 
r Iron' 44.6 1099, 1292 Ta at 1289 keV 
1· 
r 

60eo 1 \::obalt 1925 1173, 1332 
r 
1 S8

co 
, 

~el) 70.8 811 

(Anti~ony) 
l24'Sb 60:2' 1691 

.. 
Note: Elements listed in parentheses are determined with very poor 
precision. 
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GANOS whère'the interval from i~radiation to measurement 
. 86 

was often more than twice the ha1f-1ife of Rb (18.65 

days) • 

134 Each of the two main gannna rays of Cs was used ta 

deter.mine the Cs concentration. The value from the 

higher-en-ergy ray is more precise, as the other has an 

interference from 124 sb , which has bèen taken into 

account in the calculation. 

Ba: The l2-day half-life of 131Ba is such that neither the 

first nor the seconà measurement is ideally suited to 

the determination of Ba. The second i5 slight1y better, 

·but even then the 131Ba peak at 496 keV was not detecteq 

in many samples. The reservations expressed by other 

researchers with regard to the utili:ty of Ba as a "ô., 
discriminating e1ement (see section 2.3) imply that extra 

.. effort to determine it with precision would -not be 

~orthwhile. 

Sc: The two most intense gamma rays in the pottery spectrum 

several weeks alfter irradiation are those of 46 Sc . The 

higher-energy peak gives a more precise value for Sc 

concentration, even after a smal1 correction is made for 

a 182Ta interference at 1122 keV. ' 

141, ,,'~ 
The low energy (145 keV) of the main Ce gamma ray 

\ 

places it in a region of- the spectrum with high back-

ground. The potential interference from 59Fe àt 142 keV 

is usua11y resolveù by GAMMANAL, and 50 does not reqûïre 

separate correction~ 

Eu: The determination of this rare earth is straightforward" 

and its precision i5 fair. 

Th: There are no major interferences to the determination of 

Th, sa that its precision i5 good. Results at GANOS " 
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show systematic differences f~om those àt McGill, but , 

their nature is not clear (see secti,on 5.4). 

Hf: Again, the straightforWard integration of a medium-sized 

garnma-r~y peak leads to results of medium precision. 
(J 

Ta: Low leVels of this eleroent in Greek potte'ry .make the 

precision of its determination poor, both at McGill and' 

by GANqS. There is a noticeable increase in concen­

tration when the sample has been heavily cèntaminated 

by the drill bit (see section 5.2.7.5). 

, 
Cr: The precision of the concentrations reported'for Cr is 

good, since the large peak is free of interferences. 

Production of 5lcr by (n,a) on 54 Fe in the PQly reactor 

is neg1igib1e for Cr and Fe concent~ations in the 

ranges found in Greek pottery (i~ference factor = 
4 2. 7 x 10 1. 

Fe: This minor constituent of pottery can be determined 

through either of two strong gamma rays, the one at 

1292 keV giving slightly more precise results, even 

after correction for a sreall interference fram a l82 Ta 

gamma ray at 1289 keV. 

Co: Again, two strong gamma rays make precise,determinations 

of Co in pottery straightforward. The one at 1332 keV 

has a lower ba~kground, giving more precise resultp • 

Samples contaminated by the drill bit contain extra 
" 

Ni: 

'.., 

Co (see sect10n 5.2.7.5}. 

The determination of this elernent can' be accompli~hed by 
58 

mea~uring the BI0-keV g~ ray of Co, produced by the 

() . 58, h' . h . n,p reactl0n on Nl. T ls-gamma ray, owever, 15 very 

weak in these ~pectra, 50 that even when it was evident, 

the precision of the Ni determination was poor. 

c, 

" , , 
, ' , 
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SbJ : The backgro1,.Uld aroung.1691 keV is very low, but so is 

thé detector efficiency and resolution. The 124Sb peak 

is therefore weak, and'spread over a large number 

channels, so that GAMMANAL sometimes did not find 

integrate it properly. The peak int~grations were 

checked by hand. 

5.2.7.5 Drill-bit contamination 

of' 

it or 

For the reasons mentioned in section 5.2.2, solid tungsten-

carbide bits were used to drill out powdered samplès of pot­

tery for analysis. The effects of contamination of thB samp~e 

by this procedure are more serious and more frequent than they 

appeared to be in earlier work (Attas et al. 1977, p. 36; 

Attas 1980, pp. 51-52). As mentioned in the previous section, 

the concentrations of the elements Co, Ta, and Lu are af-

fected. (A Danish ,archaeometric group (Hansen et al. 1979, 
" 

p. 128) has exclud~d Cr as weIl, but no justification for 

this' has been observed in the present work.} An atternpt was 

made to correct these concentrations using the tungste,n peak., 

area and tF0ncentration as a contrÇ>1 of the degree of con-. 

tamination. 
II 

A~salesroan from Arthur Balfour Ltd., the supplier of' 

the bits, explained (1979) that although their actual com­
s , 

position is a trade secret, they consisted of about 70% 

tungsten carbide, w~th sroall quantities of titanium, niobium, 

and tantalum carbides "acting as "body" (or Iliass, or· fillers) , 

alfd a binder of cobalt, with a very small percentage of' nickel. 
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An analysis at Poly of a large (0.6925 g) fragment of drill 

bit gave the following concentrations: W, 52%; Co, 5.5 %; 

Ta, 0.13% . The high activity from 187w immediately after ir-

radiation precluded the deternànation of Ti and Nb. (The 

con~ration of Ti' ~n pott~ry is in ~y case sufficiently 

h~ (c. 0.5%) that it would not be significantlyaffected 

by drill-bit cOllltamination.') 

A discrepancy exists i therefore, between the quoted and 

measured W concentration, even when the latter is expressed 

as a ,carbide (55%). The ~asurements of the drill-bit 

~omposition were us~d to correct the Co and Ta ooncentrations 

measu:J:ed in the pottery samples, by subtracting from them a 

quantity proportiona~ to the W concentration: 

[ Co] t d = [ CJ.. 1 d - o. 106 [W] -corree e , r measure 

[Ta]eorrected = [Talmeasured - O.0025[W] 

, 
where [Jrefers to the concentration of the element. The 

value of [W] in the samples was determined from the first 

measurement made ~t McGill, as detailed in section 5.2.7.3. 

An indication that the correction has been properly made, at 

least for' Co, comes from analyses of duplicate samples from 

'the sarne vases. As the de~ree of contamination differed 

fram sample to sample, the Co concentrations are quite dif-

ferent. The data are discussed in,detail in the following 

section, where Table 5-IX includes the variability of Co 

, , 



,0 

( 

r , 

1 

L 

- ' ',224 ' ' 

concentrations before and after correction. In three out of 

the four cases, the match between the'corrected values was 

much improved. (In the fourth case the values were already 

close. ) In fact the pairs of analyses themselves could have 

peen used to esti~ate the proper correction. T,he ratio of 

the difference in Co concentrations to the difference in W 

concentra tions is again close to 0.1 in three out of the 

four cases. 

One factor which could in valida te the corrections is the 

presence of significant quantities'of W already in the 

ceramic. Although this cannot be directly tested in every 

Cqse, geochemical and practical resu1 ts both indicate , 

natural abundances of no more than a few parts per million 

(ppm) . In a table of abundances of elements in the igneous 

rocks of the upper continental crust, Wedepohl (1971, p. 65) 

quotes a value of, 1.3 ppm for W. Perlman-Asaro standard pot-

tery contains about 4.2 ppm (F. Widemann, personal com-

munication 1978) f and the clay VOU OlB about 2.2 ppm 

(Table 5-XII). Several samples t.aken from easily-drilled 

objects have concentrations below the limit of detection. 

If we assume the maximum natural concentration of W is 10 ppm, 

the corrected Co concentration rnay be up to l ppm too low. 

Adding an uncertainty of ±O. 5 ppm,- or---±1-.7% for an average 

30 ppm Co concentration, may yet be generous. 

'For Ta the correction makes little dif'ference to the 

scatter in the concentrations. The uncertainty of the 

" 
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determination itself is so large that it masks the effect of 

drill-bit contamination. The correction hàS been made, but 

the data are not usefu~ for provenance studies. 

Finally, the unreliabili ty or the Lu concentration 

results largely from imprecision in estimating the proper 

Np correction; the W correction is estimated as a fraction of 

the area of the main W gàmma-ray peak, and does not depend 

on the drill-bit composition. 

~. 3 Precision 

Two approaches have been taken to determining the pre­

cision of the measurements. The' first of these is indirect, 

consisti~g of the surornation of the errors attributable ta 
1 

each factor in the basic equation for activation analysis, 

, (5) in section 5.2.6.2. The second i5 a direct evaluation 

of the.variability evident in multiple measurements made on 

the same material. 

Individual sources of uncertainty Occur at every stage 

of the analysis. The estimation of sorne .of these is simple, 

while otners are more difficult to quantify. For instance, 

the .representativeness of the sample with respect ta the 
, . 

heterogeneity of pottery is best determined experimentally 

(but see section~2.3). On the other hand, imprecision in 

) 'weighing the sample and in measuring elapsed times is 

negligible, amounting at the most to 0.2-0.3% in'each case. 

This corresponds to a combined total of 0.4% (since only .. 
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squared errors can he directly summed), resulting in a 

standard deviation cr of ±O.l%, if we take the maximum 
, . 

variation to be equivalent to ±2cr (e.g. 1 Baird 1962 t p. 67). 

The half-lives are known with sufficient precision that the 

uncertainty in the exponential factors of equation (5) 

remains below a total of 1% (or ±O.25% as la). Flux varia-

. t~ons may amount to ±2% (la), or half as much in the short 

term, as explained in section. 5.2. 5.2. 

Variation in positioning the sample with respect to the 

detector contributes to the uncertainty as weIl. Although 

the capsule can he positioned very precisely in its holder, 

the powder inside is free to move. The capsule was tapped 

to force the powder to one end, but a maximum uncertainty of 

±O.5 mm in.the mean sample position rnay he expected. If the 

centre of the McGill detector is taken ta be approxirnately 

. 30 mm below the top surface of the can, ·the inverse square 

variations caused by al-mm shi ft at distances of 80 and 50 mm 

above the centre of the detector (section 5.2.4)'wauld amount 

to 2.5% and 4% for the first and second rneasurements respec-
, 

ti ve~y. These correspond ta uncertainties of il. 25 % and ±2% 

total, or ±0.62% and ±l~ (la). These values may be slightly 

overestirnated, since they disregard the fact that the sample 

and the detector are both extended objects rather thqn 

abstract po~nts. This fact affects the measurements at Poly 

to the extent that the uncertainty must be determined êx-

perimentally. The maximum variation in the activity of a 
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half-filled capsule attributable to the arrangement of powder 

inside i5 5% (G. Kennedy, personal commUnication 1981). For 

fuller capsules, the variation would be lower, ta a minimum 

of less than 1% when the powder is immobilized. The half-

capsules in this study were usually 9uite weIl filled, 50 

the variation can be estimated at around 2% maximum, or ±O.5% 

(la). Early stages of research using whole capsules may have 

had variations up to 5% maximum, or ±1.2% (la). 

Finally, the statistical uncertaint~ arising from the 

random nature of gamma-ray emission contributes to a greater 

or'lesser extent depending on the number of gamma rays 

detected and on the background. This is the ± figure, rep-

resenting la, associated with each value in the table of 

analytical results (Appendix A). An average a for each ~ 

element can be determined from these data, and is presen ed 

in Table 5-VII as c61umn 6 (estimated from the Tiryns ' 

data). Column 7 has been calculated as the square root of 

the SUIn of the squared uncertainties in each of the other 

columns (Baird 1962, p. 65). 

It was also possible to obtain direct information on 

analytical variability. Although practical considerations 

precluded conducting a dozen complete analyses of samples , 

from a single sherd, multiple determinations of several types 

provided a good indication of the precis{on of the data. For 

the short 'irradiations, Il analyses of a capsule containing 

clay from the Vouliagrnéni site (VOU OlB) were performed 

( 
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TABLE: 5-VII: Contributions ta AAalyticàl Precision 
" 

-i 

Percl:.!l!-_ uncertainty (lO)Arising from variouS Sources Total Uncertainty (10) 

we1ghing 
+ Timing 

0.1 

'" 

0.1 

Expon~nt,ial 
factors 

0.25 

. 0.25 

Flux 
variations 

1.0 

2.0 

Sample 
positioning 

0.5 

0.62 

Counting 
statistics 

3 

13 

3 

0'-8 (+1.0) 

4-, 

3 

2 

,e.5 

8,' 

3, 

2~ 

4+ 

15 

20 + 

25 - 40 

3 

la 

30 - 50 

(excluding 
sampling) 

3.2 

13 

3.2 

1.7 

4.2 

~.2 

. 2.3 

2.6 

8.3 

3.7 

3.0 

4.6 + 

15 

20+ 

25 - 40 

3.7' 

10 

30- 50 

--~~ ... - ...... ~ ...... ~'l ... • ..... 'r-"'"" .. , 

<'-

~ 

N~ 
N 
.co 
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,TABLE 5-VII continued 

Percent uncertainty (la) Arising from Various Sources' 

Element 

Rb 

Cs 

Ba 

Sc 

Ce 

Eu 

Th 

Hf 

Ta 

Cr 

Fe 

Co 

Ni 
-, 

Sb 

Weighing 
+ Timing 

0.1 

Exponential 
factors 

0.25 

Flux 
variations 

2.0 ' -

.) 

Sample 
positioning 

LO 

& 
c 

." 

Counting 
statistics 

9 

8 

25 

0.5 

4 

9 

6 

10 
20 

4 

1.0 

1.5 (+1.7) 

20 - 40 

15 - 40 

! ; 

/' 

" 

Total _Uncertainty '(la) 

(excluding 
sampling) 

9.3 

8.3 

25 

2.3 

4.6 

9.3 

6.4 

10 

20 

4.6 

2.5 

3.3 

20- 40 

15- 40 

Al: 1% has been added to the total uncertainty to take into account the uncertainty in the systematic 
underestimation of Al (see section 5.2.7.2). This is negligible in the case of V. 

Sm, Lu: The + indicates the concentrations are'unreliable (see section S.2.7.3). 

CO: The extra 1..7% uncertainty arises from the correction of the Co concentration for drill-bit 
contamination. This i5 negligible in the case of Ta. 
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over a period of six months. The results are presented in 

Table 5-VIII. They indicate that al though counting statistics 

are a major source. of uncertainty for sorne Of the elements, 1 

even with very good statistics it was not possible to reduce 

the actual precision below 3.9% (la).' It should be noted 

that for this set of analyses a half-filled whole capsule 

had been used, 50 tha t the error in positioning was greater 

than t,hat quoted in Table 5-VII. Nevertheless these data 

provide independent IFstima tes of the precision of the 

analyses as a whole. 

In a number of instances a pair of samples·could be 

attributed to the same vase on typological grounds with a 

high probabili ty, and in one case with. certaint~ (the vase 

.. was later reconstructed). A comparison of the composition 

of each mernber of the pair gives an idea of the overall ' 

,analytical variability. sampling variability forros part 

of this evaluation, but in aIl except one of the 4 cases, 

both members of the pair happened to be included in the 

same long irradiation (the exception being TIR 61 and 86) , 

1 

50 that the effect of variations of flux wi th time is not 

taken into account. Table 5-IX shows the variation for each 

-element in the 4 sample pairs, and the average variation, aIl 

expressed as a stàndard deviation in per cent. For the short- ~ 

irradiation elements, differences between these values and 

those derived from the multiple analyses of VOU DIB 

. (Table 5-VIII) and from consideration of individual contri-
~ 

- 'l 
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TABLE 5-VIII: Multiple Analyses (Short Irradiation Only) of Vouliagméni Clay VOU 01B 

Daté Na C%) M2 (%) Ca (%) Al (%) Ti (%) V (pprn) Mn (pprn) 

, 81.2.24 0.65 1.6 19.3 5.65 0.35 94 827 

l, 81.3.5 0.67 \ 1.8 18.0 5.'74 0.30 100 852 
1 81.3.26 0.73 1.7 19.8 5.98 0.35· 101 920 ,',' , . 
i 
l' rp' .. 
\ 81.4.2 '" 0.72 1.9 :1.9.5 5.88 0.35 107 892 

81~4.9 0.71 1.8 19.9 5.98 0.37 108 921 
.r 

. -81.5.f4 0:72 1~6 20.3 5.90 . 0.35 106 908 

81.6.4 0.72 .1.8, 20:0 5.92 0.33 102 937 

81.6.23 0.73 2.2 J 20.2 6.26 0.31 100 922 

81.7.15 0.68 1.5 18.4 5.54 0.31 101 862 
c 

81.8.5 0.68 2.1 18.8 5.51 0.34 100 864 

81.8.12 0.69 
c 

1.9 20.3 6.04 0.33 105 .950 

Counting, 
Statistics (10) ±0.02 ±0.24 ±0.4 ±O.OS -±0.02 ·±3.5 ±IS 0 

Counting 
Statistics (%) 2.9 13 2.0 0.9 5.9 3.4 1. 7-

Mean 
Concentration 0.700 1.81 19.50 5.85 0.336 10~L2 896 

Standard 
Deviation 0.027 0.21 " 0.79 0.23 0.022 4.0 39 
,Standard ;;. 
Deviation (%) 3~ Il.7 4.1 3.9 6.4 4:0 4.4· 

Uncertainty not .i 
due to Counting 

.,' ; 
N - -~ J w Statistics (%) 2.6 3.6 3.8 2.5 '. .,2.1 4'.1 ..... 

, 
Il { ~ 

~.' 

1 
, , 
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TABLE 5:-IX: Variabili~y of Duplicate Same1es from the 

Na 

Mg 

Ca 

Ti 

Na 

K 1 

Sc 
\ 

La 

Sm 

Yb 

Lu 

,U 

W 

As 

Sb 

Sante Vases* 

KER 
60 & 61 

KE~ TIR 
68 & ~9 61 & 86 

4.6 

7.9 

4.7 

2.~ 
Il.6 

3 .. 5 

1.1 

10.6 

0'.1 

0.9 

1.2 

6.0 

2.2 

21. 7 

, 1..4 

5.0 

, 1.9 

9.4 
" 

0.1 

1~4 

2.2 

0.9 
, -----...,-----. 

10. 5 ~1' 9 . 

9.,0 26.9 
.. ~;;,)l 

" 

7.0 16.9 

55.2 31.1 . 

,27.5 74.8 
$-

35.9 15.9 

\ -~-_. -- --....---

" 

3.2 

0.0 

4.1 

0.1 

. 3.3 

. 0.2 

3.0 

5.3 

0.3 

1.3 

5.8 

4.9, 

21.2 

43.3 

34.1 

70.J{ 

TIR 
73 & 74 

.) 

5.2 

14.9 

1. \8 

3.0 

4.0 

0.3 

4.8 

3 •. 8 

3.1 

1.4' 

6.3 

7.1 

5.0 

5.4 

5.6 

5.,1 

1 

.. 

Mean 
cr 

3.8 

Il. 4 

1.5 

5.7 

2.4 

3.4 

5.~ 

1;4 

1.9 

2.3 

7.2, 
~ 

16 .•. 0, 

18:0 

31.'4 

44.5 

19~0 

232 
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* , - AlI figures represent one standard deviation, expressed in 
1 percent. 
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butions to the precision (Table 5-VII) exist for Mg, Al, V, 

and Ca. For the first three of_ these, the'precision is 

234 

better than expected, probably by chançe. The larger varia­

) tians in' Ca concentration, "on the other hand, must reflect 

heterogeneity of the ceramic paste. For almost aIl elements 

determined in the first measurement'following the long ir-

radiation, the standard deviations,are again smaller than 

those of Table 5-VII. Constancy of flux accounts, to sorne 

extent at least, for these diffe~ènces. The variations in , 

tungsten are ta be expected, since that element enters the 

sample largely through,the drilling process. Arsenic; however, 

varies far more than expected on analytical grounds. It may 

be partially volatilized during the origi~al firing of the . 
\ 

pot or in the baking of the powdered sample, or it may sLffiply 

be distributed very he,terogeneous J y in clays ( as Franklin and 

Hancock (1979) claimed. In any case, these large variations 

make it unsuitable for provenance studies. " Among the elements 

determined from' the second meas~,rement, only the uncorrected 

Co shows variations larger than th6se predicted by Table 5-VII. 
1 

5.4 Accuracy 

Thè accuracy of the analysis -is an estLffiate of how close 

the reported concentrations are ,to their "true" values,' or 

at least to thos~ deter~ned by a conSensus of analYtical 

~~~~ods. The accyracy is thus the relevant indicator ot 

reliability to be' used when comparing analytical data from 

_l 
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different î~boratOiies. Llke the precision, itcart be 

~ ,: ',." -.' -, \ ~,. 

es'timated by cOmbining the errors associated with the various 
~ , . ~ 

experiment'aI factors in the calculations, though a true test\ 
~ ~ , ., \ 

, would involve ,interlaboratory comparisons. In this case, the 

total measurement precision, the precision of the activation 
, { , 

constants (B, valu~s), and the accuracy of the quoted com-

position of 'the standard pottery must be ,taken irito accolint. 

(It should be noted that this does not include the sarnpling-~ 

uncertainty. ) For comparisons wi th ot;.her work using the 

Perlman-Asaro pottery as a standard, however, the last factor 

need not be considered, as the sarne values for its composi-

tion. (Table 5-II, taken from Perl man and Asaro 1971) would 

have been used at all the laboratories. In fact, laboratories 

(such as BNL) using other standards often perform inter-

calibrations, involving multiple high-precision analyses,of , . 
o 

" " 

one standard using the other as a reference, in qrder to 

determine correction factors which ~nable direct comparis~n 

of analytical data (see Table 7~X). Since aIl the cornpa-

risons of data from this work use either data oa1culated 

from the Perlman-Asaro standard or BNL data, for which a 
~ 

good intercalibration exists (Yeh and fIarbottle" 1981), the. 

uncertainties in the standard pottery are not include,d in the 

estimate of the total accuracy. They can nevertheless be 

found in Table 5-II. 

, Table 5-x shows the results of corobining the analytical 

precision with the preci~ion of the activation constants. 

\",. ----11(,-

l 
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'\ ,- ') 
Precision 'of 'Activation Constants 'and Overall 

Accuracy 
1 
\ 

Precision of Activation Experimental Precision Overall Accuracy , 
%)* (:fro~ Table 5":VII) (la, %) t Constants (la, 

i 

Short irradiation "-

Na 2.5 2~3 3.4 

Mg 2 13 ., 13 

'Ca 3 3.2 4.4 
- .;-, 

Al, 2 1.1 2:6 + 5 _ -+ 5.6 

''J.'i, 
. 

f 3 4.2 5.2 , 
~ , 

V 3 ,,3.2 4.4 +2.5 -+ 5.Q 

Mn, 3 1 2.3 3.8 
• 

,Long irradiation, first'measurement 

Na 0.8 2.6 2.7 

.IL . ~~-O- • _ ~_ 'F t' 8.,3 8.4 --, - -,... ~ t -----,-- -

Sc 1.8 3~7 4.1 

La 1.0 3.0 3.2 

Sm 1.5 4'.6.;t. , ,4.9 + 

Yb 7.6 15 17 

Lu 5.5 20+ '20+ 

U 6.0 ~5"- 40 25- 40 

w 4.9 3.7 6.1 1 ,.. . 
As 1.6 10, iO 

\ 
--...--

Sb 3.9 39 - 50 30 ... 50 
1 

1 

---, ( 
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TABLE 5-X - c'ontinued 

.. " 

Precision of-~ètivati1:>rr =cS-lCPetiJn~~1 Precision 
Constants (la" \) 11 (fram Table 5-VII) 

. Long irr-adiation, second, measureiœnt 

Rb 7.7 9.3 

Cs 2.8 8.3 

Ba 9.5 25 

Sc 1.1 2.3 

Ce 3.4 ' 4.6 

Eu' 4.0 > 9.3 
C!;) 

Th 4.0 _ 6.4 

Hf 4'. ff- 10 

Ta. 10.1 ,20 

Cr / 2~6 " .4~6 
/ , 

1 
1.8 2.5 F/:l 

Co' 2.0 3.2 

Ni' 13.2 20 .. 40 

Sb, 13.0 15 - 40 

~ 

11 

, ' 

OVerall Accuracy 
(la, \) 1 

12 

8.8 

27 

',2.6 

5.7 

10.1 

. 7.6· 

11 

22 

5.3' 

3:1 

3.8 

25- 40 

2Q- 40 

For the short irradiation, these data were provided Py G. Kennedy 
(pérsonal communication 1981). For the long irradiation, the first 

0 

set represents' the standard deviations of 6 measurement~ of the standard 
pottery, and the second set represents the standard deviations of 13 
such measurements. 

tRelative ta ~~andard p~ttery for long irradiatio~l data • 

Al, V: Th~ inaccuracy arl.s:L.ng fx-om the systematic underestimation CS,f 
these concentrations has been ?dded. 

Sm, Lu: The + indicates that the reported concentrations are unreliab1e 
owing ta int~rferences which have not liFceived adequate correction. " 

.. 
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n / 
For the sho+t irradiation the activation constants were 

deter.mined from irradiations of pure compounds, so that the 

--~uoted accuracy should be valid for any comparisons. The 

". 

reSt of the data are valid for comparison with other standard-

pottery-based data. 

As was the case for precision, direct eviden'ce for 

rnea~urement acc~racy is also available from several sources. 

First of aIl, ~he standard pottery itself has been analyz~d 

at Poly for el~ments whose activated forms are short-lived. 

The results of this analysis are compared in Table 5~XI to 

the Perlman-Asaro (1971) determination and to a U of T 

ana1ysis (Hancock 1976). Agreement is exc~llent for aIl 
-' 

el~ts except Mg, where the preci,sion is very poor, and Ca, . 
wnich may be non-uniformly distributed' ~n the standard pot-

tery. (The low sample 'mass of the Poly analysis xesulted in 

a reduction ot the systematic underestimat~on of Al and v.) 

A second material has been analyzed at BNL and GANOS as 

weIl as several,times at McGill. This is the fired clay 

VOU 01. Agreement is in generai very gobd (Table 5-XII). 

The BNL resuIts, converted to the Periman-Asaro standard 

using the intercalibration of Yeh and Harbottle (1981), stand 

a 1ittie apart for sorne elements (Na, K, La) but are other-

wise perfectly acceptable. ~ong the e1ements whose deter-

mination presents difficulties,'Lu at McGill is significantly 

Iow, though Sm is consistent from laboratory to Iaboratory. 

The McGill'Th value is aiso lower than the others. 

/ 
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TABLE 5-XI: Partial Analyses of Per1man-Asaro Standard 

Pottery 

perlman and C 
Asaro (1971) This' work Hancock (1976) 

Na (%) 0.258 ± 0.004 0.25 ± 0.02 0.274 ± 0.006 

Mg (%) 0.5 ± 0.2 0.74 ± 0.46 1. 32 ± 0.16 

Ca (%) < 0.02 0.4 ± 0.1 '0.2 ± 0.1 
,~ ---' Al (% ) 15.3 ± 0 .. 2 15.5 ± 0.1 13.6 ± 0.4 

- - -- ---- - -- --- --~ 

Ti (% ) 0.782 ± 0.034 0.86 ± 0.04 0.844 ± 0.074 

V (ppm) 168 ± 6. 150 ± 10. 

Mn (ppm) 40.9 ± 0.5 41 ± 6. 37.6 ± 1.9 

"l< 

* The ± terms accornpanying the Per1man-Asaro data are indica-
tions' of accuracy, whereas those accompanying the other data 
represent ±la counting.statistics on1y. 
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, TABLE 5:-XII: MUltiple AnalYs,s of Voulia<jméni Clay 
" 

Mean of ~ean of 
Element VOU 012, 013, 014 v;p 13 VOU 001, 002 VOU OlB --

(Attas et BNL* GANOS 
al. 1977) 1976-77 (Attas 1980) (this work) , 

Mg 1.8 

Ca 20.4 20.2 20.4 19.5 

Al 5.85 

Ti 0.34 

V 102 

Mn 911 816 896 

Na 0.93 0.68 0.71 

1<: 1.46 1. 78 1. 73 

La 2-4.9 -20.2 24.7 23.4 

r Sm 4.47 4.30 4.37 

\ \Yb 2.45 2.16 1.96 

Lu 0.33 0.32 0.32 0.26 

U 1.2 

W 2.2 

As 8.8 11.6 6.2 

1 

Sb 0.88 0.93 0.52-, 

Rb 81 87 n 
Cs 6.6 7.5 10.6 9.5 

î 
Ba 234 282 

Sc 15.7 14.7 16.2 15.5 

Ce 47.0 43.'0 45.1 
"" Eu 1.04 0.92 1.22 1.01 

Th 8.2 6.8 7'.8 5.2 

Hf 3.41 3.38 3:b 3.0 

Ta - 0.56 0.43 0.48 

Ci 212 209 190 178 

Fe 3.92 3.60 4.08 3.77 

( -, 
Co . 24.6 23.5 25.3 23.3 

* 
' , 

Converted using factQrs from Table 9 of Yeh and Harbott1e (1981) • 
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Finally, a set of saroples whose analysis at GANOS had 

been incomp1ete was re-analyzed in full at McGill. These 

were the samples KER 9-18 and KRK 5-14. The partial GANOS 

data (Attas 1980) have been compared with the McGi11 values 

(appendix A) both as group means, the sets each being 

archaeo1ogically homogeneous, and on a sample~by-sample 

basis. Agreement was satisfactory (indeed, within the limits 

of experimental precision) for aIl elements except the 

following: 

w; . GANOS -values are a factor of" 10 lower, but follow the 

same trends as the McGill values. GANOS had difficulty 

in measuring the very snall W peak in the standard 

pottery. The activation constant used in the MéGill 

work was checked against that derived from a pure W' 
\ 

compound and was found to agree within 5%. 

Lu: ' The McGill values ar~ 25-30% higher than those at GANOS. 
,~ 

Difficulties in correcting for the Np and the W- con-' 

tributions may exist at both laboratories. 

As: Large random deviations exist between the two sets of 

measurernents. As no technical difficulties are evident, 
.r 

perhaps natura1 variation~ in the clays are. the cause 

(see also section 5.3) • 

. . Rb: The GANOS values have measurement uncertainties of 50% 

or more, and are therefore not useful. 

Ce: The McGill values are systematically 10% hi'gher than 

those a t GANOS. 
• .It 

Th: The GANOS values are 40% higher than thqse at,McGill. 

Again, the McGill activation constànt was checked using 

1 
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a Th standard and found to agree within 16%. C?mparison 1 

of pottery groups from other sites (that ~s~ sindlar, 

Ta: 

. 
though not identical samples) shows good agreement for 

vouliagméni, Asine, and zygouriés, but again 'a 40% 

discrepancy for Phlious. Since at GANOS the samples 

from each site were irradiated as a group, each group 

with its own pottery standard, it is likely that in 

th t f 233p . th d d sorne cases e measuremen 0 a ~n e stan ar 

pottery at GANOS presented problems. 

Neither determination is very precise .. 

Cr: The McGi11 values are systematically 9% lower than those 

at GANOS. ' 

With these few di5crepancies indmind, it is therefore 

possible to combine MCGitl and GANOS data with confidence, 

knowj:~g that the accuracy of both i5 sufficient to ensure " 

the succeS5 of direct comparisons. 

'l 

1. 

.,. 

\ 
. . 



, 
i 
ï 

r 

1 

i 

1 

f 
~ t 

1 r 1 .... 

l" 

, " 

1 

1 

L. 

." ' 
. ' 

" 
, ' 

6. FORMATION OF 'REFERENCE GROUPS 

;." 

6.1 Introduction 

The resu~~ of the chernical analyses is a large data 

table, presented, for ease of consultation, in Appendix A. 

243 

This mass of data is not easily interpreted by eye, but there 

e se'veral means of condensing or otherwise transforming it 

to ma 

study 

'. .,.- ~ , " 

'it more tractable." The aims of data analysis in this 
'" ar~~llOWing: 

1) to esta~chemical g~ouPS, e~~h a single 
, ... ,............ \J=.r ... -:._~~ 

"-
c' provenance (but pG~bly more than one with the 

, , 
's.ame provenance); '"''-, ~ 

2) ta assign other, samples ta ~~ps, if they 

had been excluded from the analysis~ the first 
" 

stage;' ~ , 

3) to distinguish or,conflate archaeologicai grou~ 
~. ~-------

An arChae010giCal~grOUp i~ ~ere taken to mean a set of she~ds 
.of similar form/paste/decoration and findspot. A chemical 

group, for the purposes of this chapter, is a collection of 

samples from a single site whose compodltion is similar. 

since the chemical attrioutes of a sample (the concentration 

values] are aIl numerical ones, a mathematidai approach to 

the definition of "similarity" is straightforward. The 

constitution of chemical groups then becomes a problem,in 

numerical taxonomy (Sneath and Sokal 1973). 

Q 

, , . 
{ 

o 
Since many 
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warks describing the application of taxonomié and multivariate 
, 

statistical techniques to provenance analysis have recently ap-
,,', 

--../ 

peared (Ward 1974; Doran and Hodson 1975; Bieber 
~ 

et al. ~76a; 
T .. 

Harbottle 1976; Sayre 1977; Wilson 1978; Catling et al. 198,q) " 

the theory behind these techniques is not described in detail 

~-here. Instead, the first part of this chapter demonstrates 

the use of these techniques with rnaterïal from a typical sit~1 
o 

Keramidhtki. In the second part are presented results of 

group formatioq for the o~her sites. The approach whereby 

the material from each site is-first handled on its own is 

recommended by Wilson (1978, p. 230) on grounds of clarity 

and flexibility. Once one or more tentative .groups have been 
, 

established for each site, they can be compared between sites 

bath as groups and on a sample-by-samp1e basis. This proce-

dure may lead to adjustments of the group constitutions, and 

possibly to the merging of groups from separate sites. 

~ 

6.2 Procedure, exemplified with Keramidhàki material 

6.2.1 Histograms and scat ter plots 

The examination of data from a single site can result· 

in the isolation of single sarnples with ùnusual compositions 
, 

(" outliers ") as weIl as the subdivision of the maj ori ty of 

the samples into subgroups, each of relafively uniform 

composition. Several techniques exist for identi!ying aut­

liers, sorne of ,which/are- useful aiso for subdividing groups. 

Perhaps the simplest is the exandnation of histograms and 

Q 
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scatter plots, visual representàtions of the distrLbutions' 

of elemental concentrations for orie and two elements respé~­

tively (Picon et al. 1971; 1975; Brooks et al. 1974). Samples 
. . 4 

with extreme values for one or more elemental concentrations 

are easily identified, and can be set~aside for consideration 

at a later stage of e da ta analys is . Occas ionally a hi-

modal (two-humped) istribution of concentrations can,be 

observed, pro idin prelirninary subdivision 
~ 

of the samples into 'two groups. 

The elemental distribution fQr a 

'chemical group is a m ter curr~ntly under discus'sion;' sorne 

researchers claiming have found normal (Gaussian) dis-

tributions and others log-normal ones. Catling et al. (1980, 

p. 68) point'out that a rigorous decision in each case May 
~ 

be made only on the basis of statistical tests for p+opeIties , 

'. known las skewness and ~urto·sis. Unfortunately, thes~ tests 

require numbers of sample$ greater than those used in Most 
~ , , 
provenance studies., Moreover, these authors found "by 

extensive experimentation that ~here strong structure ïs 
latent in the composition data the forro of the probability 

distributions employed has relatively little effect on the 
l 

resul ts obtairied". In the present stl:2dy, as in theirs, a 

logarithm~c transfor~tion was not routinely performed ~n 

preparation for tlüyfuulti~ariate analyses; where occasional 

compari~on che~have been made, the transformed data gave 

groupings similar to those found using untransformed data. 
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~he'effect of other transformations is discussed in the next 
l ' 

1" • 
sect~on. 

Histograms' of'"elemental concentrations for the 

Keramidhaki analyses, ïncluding the four KOR samples from, 

other excavations at ancient Corinth, immediately enabled 
" , 

certain samples to be identified as outliers (see, e. g.', 

Fig. 6-i; others not shown). For instance, KER 63 stands 
1 

out with extremely high Mg, V, Cr, ahd Fe concentrat'ions; 
;' -

KOR 3 with the highest AI,~i, ~a, Yb, Ce, and Hf valuesi 
• 

KER 62 (low Al, La, Yb, SCi high Cr) i KER 24 (low Mn; high' Th, 

Hf); KER 26 (high Mn) i KER 29 (high Cs); KOR 2 Uow Sc, 'Fe); 

KER 20 (high Co); and 50 on. The shape of the distribution 

for most elem~nts is unimodal, but is, not 'clearly enough 
~ 

defined tq be' cal/led ei ther normal or log-normal. The 

distributions for a few e1ements are unusual: that of Ca is 

very broad, and may be mu1timoda1i that of K appears to have 

a valley around 2%; and that of La has one around 32 ppm , 

lFig. 6-i). ' Scatter plots of the Keramidh~ki d~ta reveal " 

other interesting features., There is a negative cor~e1ation 

between Na and K (correlation coe'fficient r = -0.64), 

indicating that an ionic substitution may have taken place 

(Fig. 6-ii). Sùch an effect'has been noticed for these 

elements by Asaro et al. (1975, p. 227) and by Fil1ières 

(1978, p. 1191. Widemann (personal communication, 1979) has 

postulated that when substitution has occurred, the molar sum 

of these concentrations, namely [Na)/23.0 + IK]/39.1, shou~d 

, ' 

\ 

l 
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remain approximately constant: The 'relative standard devia~ 

'tio~ of this SUlU over the whole Keramidh.iki data set is 

indeed lower than that of either element alone (18% vs, 53% 

fo~ Na and 32% for K). The plot of Yb vs. La (Fig. 6-iii) 

seems to show two groups divïded on the basis of La concen-

tration. Th~ Fe vs. Sc plot (Fig. 6-iv) does not show a 

'correlation ()s strong as that observed by Brooks et al. 

(l974), indicating that the KER samples as a who1e do not 

form a homogeneous group. Infor,mation of t~is sort 15 

intriguing, but its in~rPretation can be made more' explicit ~ 
" t , 

by the results of multivariate data treatments. 

6.2.2 Cluster 'analysis 

Oné of the most useful techniques for'exarnining the 

interre1ationships of samples is cluster analysis (Sneath 
1 
1 

and Sokal 1973; Doran and Hodson 1975; Bieber et al. 1976a). 
, 

This is a procedure, almost'inevitably performed by computer~ 
, 

whereby samples are linked one at a tirne, on the basis of 

compositional similarity, to forro clusters of ever-increasing 

size. ~Dependin~ on the nature of the data under study and 
1 

on the desired forro of the results, several options are 

available to the user o~ a cluster-analysis program. First 

, of all, there are many ways to calculate the similari ty of 

two samples .. For numerical data, the most common is a forro 

of Eucl idean distance, based on the surn taken over ail the 

elements of squared differences between elemental concen-

j) 

1 

) 

\ 

l 
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FIGURE 6-i~i: Scatter plot of Yb and La concentrations for 

the Keramidhaki samples. 

<, 

FIGURE 6-iv: 
;;;...;;.;..;;.;;:~~.;;...-;;;;..;.o 

Scat ter_ plot of Fe and Sc concentrations for 

c the Keramidhâki samples. 
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trations. Squared Euclidean distance (SED) is ca1culated 

1 between samp1es A and B as follows (Sneath and Sokal 1973, 

p. 124): 

SEDA,B = 
n 
E 

i=l 

2 
CA.-B.) 

'1. 1. 

, 

\ 

where A. and B. are the concentrations of the i'th element 
1. 1.-

in samples A and B, and n is the number of elements con-
, 

~ 

sidered. When n=2 or 3 the SUffi corresponds to the familiar 

Pythagorean formula for distance in a plane or in space. For 

any number of dimensions (elements), a small value of SED 

indicates a pair of very similar samples. Before ~he actual 

clustering this value must be calculated for aIl possible 

pairs of samples. (To -facilitate comparisons between sets 

of data where different nurnbers of elements are being con­

sidered, the mean squared Euclidean distance (MSED) is oc-

casiona1ly determined, by dividing the sum by the number of 

elements in each case [Bieber et al. 1976aJ.) 

Using the SED or MSED values arranged in a table, or 

"'distance matrix", the cluster analysis proceeds in steps. 

At the first step~ each sampI] constitutes its own single­

member clusteri the last results in the fusion of aIl the 

samples into a single cluster. A choice of criteria exists 
\ 

'.' for determining which two clusters at any stage are "most 

similar", and henee are the next to be j oined. Frequently 

uaed for arehaeological applications are the single-linkage, 

average-linkage, and centroid methods (Doran and Hodson 1975, 

, . 

" ' 
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pp. ~ 76-'177). The first of the se uses as"the distance between 

two clusters the smallest distance bet~een two sarnples chosen 

one from each cluster; in the second, the average distance 
''il, 'J 

between aIl such pai~s is usedi and in the third, the distaqce 

between the centroids (mu1tiv~riate rneans) of the two clusters 

is calculated. Single-linkage c1ustering tends ta produce 

"chained" clusters, with rnany single sarnples being joined in 

preference ta mUlti-sample clusters. A1th?ugh superior on 
o 

theoretical and computational grounds (Doran and Hodson 1975, 

p~ 176), single-linkage c1ustering has been found by archae-

ologists to be less useful for forming meaningful groups than 

the other two methods. Average-linkage is one of the most 

popular méth?ds for formingunchained, or relative1y homo­

geneous; clusters (Wilson 1978, p. 230). The centroid 
" 

method produces almost identica1 'resu1ts but re4uires 1ess 

computer memory than the average-Jinkage method (Dixon 1981, 

p. 459). Its main ~ecu1iarity is that the sequence of 
h 

amalgamation distances need not be strictly monotonie (see, 

e.g., Fig. 6-v). 

Although raw concentration values could be used to cal-

cu1ate the distance matrix for cluster analysis, in most 

cases these data are first standardized. By subtracting 
i 

from each concentration value the rnean value for that element 

within the archaeological group being considered and dividing 

by its standard deviation, the concentrations are norrnalized 

so that aIl have the same basic statistical pararneters 

_L 
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(zero mean and unit variance). In this way the effect of 

different units of measurement and different concentration 

ranges for each èlement is eliminated. AlI elements contrib-

ute equa~ly to the calculated distances. (This can also be 

'achieved to a certain extent thr~~<I!( a Jogarithmic trans­

formation. ) 

The presence of outliers can distort the normalizing 

effect of 'the standardization procedure. If one sample has 

a very different concentration value for a certain element, , 

then the standard deviation for that' element will be greatly 
, -

increased. After standardization, the concentration range 

\for that element will be much smaller (except for the aber-
-i _/ ' 
r~t sample's value) than the ranges ~ the other,elements. 

Il 
That element will therefore play a smaller role in clustering. 

Tc avoid this eventuality, outliers should be removed 

before a definitive cluster' ~nalysis is performed. Which 

samples are to be considered outliers can be determined from 

histograms, as descri~ed above, or from a preliminary cluster 

analysis. The latter choice has the advantage Gthat, if the, 

analysis is performed several times in succession each'time ... 
after the rernoval of a few more outliers, ,the changes in the 

remaining clusters can be examined. Their eventual stability 

is an indication that the~effect of any remaining samples 

with slightly aberrant compo~itions is negligible. 

The results of a cluster' analysis~are most conveniently 

represented in the form of a dendrogram, or tree-like struc-



, 

t !, 

l, 

1 
1 

1 
f 
! ' 

! 
1 

- r 
! " 

1 , 

L 

-{ 

254 

~ 
ture, 

!~ f 

with ~ single sample at ,the ~i~'Qf ea~h- branch. The 

vert'ical axi's ,-shows the distances betwe~~ samples and 

clustersi s~roilar ones join at low~istances (near the branch 

tips) and very different ones ,at large distances. If there 

are outlièrs, the y often 'appear as a set of single-sample 

çranches joining ,oply tow~t~s the end of the clustering 

procedure. 

The computer program BMDP2M (Di:xon 1,981) :was found to 

he convenient for cluster analysis. Iterative clustering ~ 

was applied to the Keramidhâki data under the following 

conditions: the elements taken into account (based on the --. 
information in section 5.2.7) were Ca, Al, Ti, V, Mn, Na, K, 

La, Yb, Rb, Cs, Sc, Ce, Eu, Th, Hf, Cr, Fe, an~ ÇOi the 

elemental concentrations were standardizedi centroid clus-

tering was,performed on a Euclidean distance matrix. The 

first attempt, using, aIl 72 KER and KOF samples, gave a 

dendrogram (Fig. 6-v) with one small cluster, two large ones, 
~ 

an'd, these outliers (listed in decreasing order of linkage 
.st 

distance): KER 63, KER 45 and 62, KER 20, KOR 3, KOR 2, 

KER.i'24, ~C'Ki~'29 and 46, KER 47 and 49, KER 23 and 26, KER 22, 
.. 

25, and 28. A second clustering which included aIl samples 

except the eight farthest outliers produced two large 

clusters, several small ones, and fourteen outliers, either 

singly or in pairs. Removing five of these and repeating 

the analysis produced a dendrogram of similar overall 

structure, with seven outliers. The five most extrerne of 
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théS~ were ·removed for '~he next ·c1ustéring·, 'after which 

three l'lOre were removed in preparation _for an att.enipt with 

51 samp1es in all. By this point, al though 4 few outliers 
, , .J • ... 

wer~ still pre~ent, the structure of th~ rest of the ~ 
, '. 

,dendragrarn remained unchanged (Fig. ,6.;.vi) . At the dissimi-· , 
.... ,-. ' , 

1arity, leve1 of 4.0., it compriseêl .the fQl,lowing clusters: 
" 

, , 

A. 'KER l, 2, 6; 7, 14, , 15, and,KOR li 

B. KER 4.3. and 57:; 
~4., 

\ 

; - ., 
C. KER ,4, ,~', 10', 12, l,6, l,~, 21, ,34, 35, 41, , 55', ~ 9., 

60, 61, and 66; 
, 

+' p. (i. e. associated wi th D~ KER 53; 

D. KER 3, 5, (a, 13, ~ 19, 32, 36, ;3 9, 40, 48, 51., 52" 
, J , 

56, and. -(F7 ; 

E. 'l<ER ,22, 27.' .44, 58, 65', and !COR 4; 

'.{J.. 

and the outliers, KER 25 i ~3" '38,' 54, and the'. pa:Lr (.F.) KER ~7 " 

, 1 

6.2.3 'Interpretation Of elu~t'~r-an'alYSiS' dendrag;::';ains 
.. - 1 ..... - Q • .., 

, If'one chooses a 'diffèrent' dissimilarity level at which , . , 

, to examine the "tlendragram' s structure,' this 'would na~4rally 

resul.t in a different s~t of clusters. A high~r le'val woulâ - .. ~ 

yie1;d a smaller humber of larger 1 mOre: disp'e~sed, cl u~ters i 

'an'd' a lawer ievel would have the appasi te" effêet. 'Seve'ra~ 
, , -

indic ations ean guide the user in sele.cting. the most" sui table . . 
dis~indlarity eut-Off, and hence the most suitable number of 

J ' 
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FIGURE 6-vi: Cl us~er-ana'lysi s dendrogram for. 51,' Këramidh~i 
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< clust~rs (Wilson 1978, p. 231). The first of these comes 

" from the dendrogram itself. Doran, and Hodson (1975, p. 182) 

have suggested exami_ning the sequence of dissimilarity-level 

values through the later steps of the clustering procedure . , 

Abrupt changes in the values ~ndicate that very dissimilar 

clusters alte being jo;ined; thdse clusters would best be kept 

separate. The dissimila~ity levels of, the final KeramidhAki 
, , 

de~drogram show several "jumps" in the last steps, but the 

f~rst,of these occurs between the values,of 3.949 ~d 4~118 .. 
\.. 

Prior to that step, mOreover, single samples are' being added 
'-.... ' 1 _ ( , 

t~ clusters, whefeas in the steps i~diatèly following it, 
, 

the cluster~. themseives are bein~ combined. There~ore this 
, " 

, ' 

arran~ement .seems ta be ti),e ear~liest' 0!le in :which the 

clusters ndght be, signi:Éi'cazit. 

A second form'of'eviâence often helpful to the i~ter-
, 1 

, ' ,1 , • ' '. ~ 

p~e't~tion of~ ~ius'ter ana~ysis results. is chemical. ,"~ 1.~w~r' .' 
.-' - ' . 

limit' on' the 'leve1 of d,iss'imilarity which is ,significant"~an, 
: , ... ~ -, ( .( , 

6~ âetermined by estimating the greatest'distancé va~ue whiçh, 
, " 1 

-
could ari'se between ,identical samples as' a r~sul t of \artalytie~l ... 

, , 
" ' 

imprecision (WiJ-son 1978, p. 232). ' Th-i-s may not be a ,si'înple" 
, OJ '( ~ 

, , 

calculation, and when tbe data, a.re' staz:tda'rdize,d, the result", 
, , 

d~pends on the part~cular' datà set being studied. For this 
<!' • . '. , 

r Sl-sample Keramidhaki - cluster analysis', the minimum si~~,fi-, 

cant distance is approximately l~ 9. ,'perhap,s a 'morJe ~earüng­

fUl ~igure can be determined from the analysis of dupl~cate 

samples fr9m the sarne vase. Table S-:-IX lists two such KE'R 

.- . , 

• '! ~ 
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pairs, but only ~R GO and'Gl are included in the cluster 

analysis (KER 68 
\ 
hnd 69 being outliers). They' join at a 
\ 

dissimilarity level of 2.4. We may therefore a~sume that 

di.ffez.:ences smaller than this value are not significant • 

This result has no beari~g, however, on the significanèe of 

clusters separated by greater di$tances. Natural geo~ 

chemical variations in clay composition within à given 

chemic~l group certainly account 'for at least part of the 

larger observable di~ferences. 

Fi~ally, the nature of ,the samples themselves can aid 

in selecting mean~ngful clusters fram tpe dendrogram. As 

,."Wi,lson (197é,· p( 231-2'32) 'point~d o~t by way of example" 

if the individual spec~mens from each of the dif­
ferent styles of pott,ery e~amined were scattered 
mqre or less eveply ove~ the complete dendrogram, 
it would be reason~ble.ta conclude that composition 
types are not correlated wlth ~ nature o~ the ,pot­
tery from that, site. One large cluster- might theri be, 
a satisfactory interpretation of the dendiogram. If, 
on the other hand, the different pottery styles were 
systematical'ly ordered wi thin the dendrogram, at 
least two composition types would certainly be 
appropriat~. 

~-

-"', When aIl three sources of evidénce f the Illathematical, th'e 

. chemical, and the archaeological, indicate the -sarne arrange-

ment of clusters, this arrangement can be considered si9-
\ .. . - .... 
\ 

nj..,ficant~ if pot defi~itive~ " If th,e i'ndicati~ns are 

conflicting, however, tentative judgments can be made, 

subject ·to later testing by comp~sbn 'With groups from' 

ether siees 'and open te subseque?t changes. 
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'Let qs take a close'r look at the nature of the samples ' 

,comprises ~ samples of fabric 1 and' 2 of fabric 2 (of 'Cherry' s" 
-' 

,~l./ficationi, see section 4.~.4). AlI are 'cQImnon shape.s \. 

~~~ium-or fine,pa~~e except KOR l, a coarse-paste.animal 

','figurine., The' .sec.o~d co~prises the two samples of fabrïc' 3b, 

coarse. fragment~ of wall and~of jar,rim. The third'~s a 

large clust~r'of 15 samples mostly fro~'~ommon vase shapes 
) 

in fahrics, 2, ~, and 4. The other large cluster has 14 
~ ~ . , 

members o:f ;,arious fo.rms 'and finenesses, in' fabrics l, 2'" and , . 
'/' 

J: .Quite d~sta:nt f·rom these clu~ters is onJ consisting o;e 6 
1 

relatiye1y coarse samples from Un us mil , objects ;fashioned in 
.; . , , 

pastes 2~ 4, 5, and 7 (mise.). 
-- _ .... ~I-. 

There is clearly's6me correlation between ,the chemiçal 
, - ~ 

.~~ture of t.~'e. cJ.usters and the f~ and ,fabrics of the~r 

members, The correlation is far from'perfect, howev.er,~par-; 
, . 

t:ieularly for the largest cluster •. 'If one interprets the \ , 
- '~ " . 

, ' 

dendr0'lram - in the light or Wilson' s r~marks, quoted above~' the 

: most that' can he said is that the ,first' 39 samples (c~ust.er~ 
- . 

-·A to D) may form one la~ge' Ker~midhÂki group . 
'. .. 

6.2.4 Including descriptLve information 

There are se~eral approaches by which the relationship 
.(il • 

between the appearance (form, pastel fabric) and the ch'ernic-al 

composition of pottery can be' further explored. Sorne of 

these may be usefu~ also for testing the single-group hy-

. , 
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pothesis just ~ntioned~ Th~Y have in eo~d,t~~ prior ar-, 

rangement of the samples intd\ arch~eoiogicai groups,' ~hOSè, 
J ~ ., 

, chemicai 'nature' :j.:~ tb~n e~~~ed by a. c~m:@ute:~'~tati~t;ical 
, , 

rqutine. This examination ca~ be llll'lÏvariate, usi,ng histogrâm~, 

or,mul~ivariate, ,using stepwise discriminant analysis. 'The 
.-

first arèhaeologicaI grouping!to bé investi'gated 'wa's the a~-'Il . , 
~.angement of the K~R sam~es i~to' ~~'e~ry 1 S fabr~c group~. ' , 

There are nine of these, inCIU~ing miseellaneous '(no. 7) but 
"'J ~ ,. " 

exeluding the rare fa~ric jb.,~ aÏ whJ..eh no sherds werè sampled., 
.... ~,1~1"' ... ~ lt '"1 ~ 

The program BMpP7D -in th~' ,ql:l.tîTersi~y of California 
\' J. 

package of Statistical Software {Dixon'~981) produces sid~-
, , < 

by..-side histograms of elemen'tal eo~c~tratïons" for ',samples in 

several preassigned groups. These can then. be Gornpared vis':" 
, f , 

ually and 'wi th the aid of t-tests foi~~valu~ting Po~'sible dif-' 
, {:. .... 

, 
ferences in the means. When the analytic,al data' for 'aIl 72, 

.,b K~rami.dha'ki samples (inciuding th~ 4 more p.;-ecisely ~rom the 

, , 

,Agor'a. area ·of ancient Corintn) were disp,layed in this 'way, 
" 

severai t;ends were evident. The h~stog~ams for severai 
1 

'elements are, shoWn here ('Fig. ,6-:-vii). The conce~trat~ons of 
j ~t. . - ~ 1" 1 ~ " '!. 

calci.um ,vary: extensi vely bétween groups: ·they· are high for , 
1 

• l , 

, sherds of 

sherds o.t, 

fabrics 4 1 ,5, ancl, 6, and Intermediate 'for' the two -' ;~ 
fabrJ.c 3b. Scandium copcéntr~tions are relative~y 

• 
Iow 'for. sherdS, P~ . fabric's 4: 6, ànd, part~.cularl~ 5... 'l\:tso 

ca _ .. j • 'l 

.,. reiatively lo~ i~ samples' ~r,om 'f~bric. ca~egçjry 5, are . a~num 

and vanadium ,concentrations. High concentration~ of'sodium, ' 
,1 • J 

oceur only in sherds'of, fabrics,~ and 2, where.Iow co~ee~-, ", 

• 
,. , 
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.' 
trations occur hs weIl. These trends indicate 'that fabrics 

1;, 2, ,3, 'and 3a May be chemically very similar.. They diffel!"· 

from the rest of the fabric groups, among which'only fabrics 

3b and 5 can be distinguished: 

6.2.5 Discriminant ana,l:(sis 

Discriminant analysis is another technique for visu9-lizing 

and testing differen'ces between groups in mul ti varia te ~ace. 

The version known as "stepwise diS9rimina'nt analysis", im­

plemented as prograrn BMDP7M in the University of California 

package af Statistical Software (Dixon 1981), uses preassig~ed 

groups of samples to select elements use fuI for discriminat~ng 

a,monc;r the groups. The rnethod i8 termed "stepwise Il because 

the e1ements are selected one at a time. ,Linear c1assifi-

~ cation functions are e.stab.l!ished, one for each group, using 

these elernents as variables. Wl1en app1ied to concentration 

data for a given sample, each functio~ calcu1ates the 
, -~ 

squared Maha1anobis distance D2 between the sample anq the 
'" 

centroid af ,the corresponding group.' (The squared Maha1anol;>is 

distance is the squared Euclidean distance di vided by the 

group variance a10ng the line pas'sing through the group 

centroid and the sample [Bie~er et al. 1976a, p. 67; Doran 

and Ho~son 1975, p. 210]. It is a useful measure of distance 
\' 

when variables show high correlations 1 since these are taken 
2 ' 

into account in the calcu1ation of D.l Probabilities of 

membership in each ,group are calculated on the basis, 'of the.,' 

, . 
J 
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..Mahalanobis dist~nce. The probabil,ities are normalized so 

that the y sum to 190% over aIl the groups. A sample is thus 
• 

assigned to the group giving the·greatest probability, even 
o 

if the absolute 0 2 value is very high (the sample being 

distant from aIl group centroids). Caution must thereforel be 

exercised in using discriminant analysis to assign samples to 

groups in this way ~ A further complication ensues if, as is 

often the case, discriminant functions do not include aIl 
• 

the elements measured. A sampl~' s composition may then match 

that of a group very closely for sorne ele.ments but not for 

others, and it rnay be incorrectly or unj ustifiably assigned 

by the program. 

Certain options of BMDP7M allow these difficulties to be 

overcome at least partially. It is possible to force the 

program to use aIl the elements in constructing the dis-
" 

crirninant functions, rather than only thos,e shewing the -

greatest differences between groups. Thosé ele.ments still 

, 

--­dorninate the functions, but the others are included as weIl. 
" ' 

An unusual concentration of any ele.ment in a sample would 
, 2 

then increase the value of D for that sample with respect 

to'a group te which it would otherwise belong. A further 

option of the pro gram per.mits the user to offer a list of 

samples for con.sideration as possible rnernbers of the groups 

dealt with in the discriminant analysis. They are entered 

as a final'" group" not to be incl-uded in the conrtruction 

of the discriminant functions. The program nevel\"theless 
1 1 

, 
, 1 

.i,1 

,l1 1 

\, 
l' 

" c 
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) , 
calculates their~Mahalanobis distances from each of the group 

centroids, and prints those di'"8t~n-ces as well a,s the not"lnalized 

probabilities of me~ership. Usèd"in conjunction with the 

forcing option, this procedure allows ~amples tO,be attributed 

with some confidence to previously-estaSlished reference 

groups. 

One very valuable feature of the discriminant analysis 
" _f~ _, 

program BMDP7M is the bivariate plot of -s~ple~,in discriminant 

space. The axes of this plot are the first two canonical 

~r: variables; that la, "the linear combination of variables 

entered that b~st discriminates' among the ~oups... [and] the 
- -

next best l"inear' combination orthogonal to the first One" 
~ \ ~- - ~ .. ~ ..... ~ ~. ~.,. 

(Dixon i9Éft,:, p. 523);. ,-SaCh S~mp'1.è ~'~f a group is J!'epresented 
• - ... _.... t' ~ .• (J , 

on th~, plot as a" letter' i~ ,tile:', piane which best shows the 
r ~ 0,.-. 

~ ~, . 
separation ~'f' thè 'group's., ~,~âÎnpi.e irs shown in Fig. 6-viii. 

, , 

'This plot is ,us~ful ~è;r ,visualizing the similarities and 
" \ • \ " • ~ .>,. , C" 

differences among groups, thëir nrlni.tburn 'overlap and their 
~ , . ~ 

maximum separatIon. :" In part"icular,' the validity of clusters ' 
, ,~ 

, .--
" _ J' 

devised from dend~Qgràma can bê examined in two dimensions. 

• The "clusters will not normally overlap, ,but unless there is a 

clear gap between them; they may actually be:two parts of a 

single, larger group. 

When the total number of samples is only slightly gr~ater 

than the number of elements used in the analysis', the bi-
, 

variate plot mayogive the illus~on of !~ll-Separated groups 
\.... 

when in fact the gfouPs differ only ~lightly or not at all..-
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'This occurs becausé 'in ,a "hyperspa'oe' with' a, sufficient nwnber 

of dimensioIfs" it is 'aiways po'sible to se,lect ~ hyperPI~~ 

which divides a sIIlÇlll colle,ction. of, points '(samples)' into 

any two parts desired (K. Worsley, person~l communication 
. ' 

1982): In order to enable significance tests for group 

differences to he made~ the program prints an overall F-

statistic as weJ.l as indi vidual Ones for each pair of groups, 
, ~ ~ ç , { , , 

wit)"indi~ations of the - nUmber bf de'grees of freedom in 
, 

each case. The significance ôf these statistics can be 

tested by comparisons- with, tables of critical values of F •. 

Stepwise discriminant analys~s was app~~ed ta 68 
, 

Keramidhâki samples divided·into eight fabric groups ($amples 

of fabric 7 - miscellaneous - were,omitted). The pro gram 
1 

. succeeded in separating the ~~ples of fabrics, l, 2, 3, 3a, 

and 3b ·from t:hose of :fabrics 4, 5, ~d 6, on the basis of 'Ca, 

,Ti, and Na concentrat,ions. ' ~6 distinctions of a finer nature 

wère evident. In an effort t'a bring such distinction's to . -
l, . ' 

light, BMOP7M was next t'ried on ~he four grOùps resulti,I:1g 

'A larger set of elements "was ohosen by 'the program (AlI' Ca, 
, ~, 

Ti, ,ca;c Cr) ~ but '6 o'f ~he 7 sherds belo~qing to the, fabric 

groupS 5 éUl;d '6 were once, aga~n' 'reassi~ned. ~he relati vely 

'small s!ze,of these.groups probably accounts :for this ,ap-. ~ " .... 
~ -

parent instabi1ity. -. E'fforts to separate samples ,of fabrics 

l, 2, and 3 were ho more successful, as the class~fication 

functions assigned only 71% o~ those 48 samples to thei~ 

.... ~-- - --

~. . , 
i 

_ ~ .. ___ ,. __ M 

1 • ~ l 
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fabrics 'Corre'ltly on ,the' basis gt: Na al'1d Th concentrations .. 

~re,led to conclud~ ,that the,fab~~c catégories are only 

approximate indications oi chemical groupin'gs ~ , III .'pa;rtic~la.r, 

three of themost prevalent fabrics at Keramidh'ki '(l, ~, 

and 3'), accounting~ for oV,er half of a sample of ~170 sher,?-s 
l ' , 

in Ch~y' s study (~9'73, p;, 7~'), are ~ndlstingUiShabl~ .. ~~ , 

chemicl~',means. The other fabrics are quite different;'but 
, 1 ~ • ~ 

their composition rânges overiap in som~ case~. 
r 

ReturIiing ta the examination of the c,luster-ana,lys~~ 

resùlts described in section 6.2.2, We next applied dis­

criminant anaiysis to the tent~tiv.e 'clusters. ' The six ëlus-' 

ters A to F consisting of more than,orte sample eaéh were used 
, éi 

as inpu~ ta BMDP7M. This 'arrangement includ,:d 46 of the 5'1 
(} , 

samples in the dendrog~am of Fig. 6-vi. The discriminant-

analysis pro~ram succeeded very weIl 'in distinguishing them, 
? 

assigning 'every sample ,ta it$ own' grou~. ,MpreoveZ:,f 'th~ pIa,t 

(Fig. 6~v.iii) of thé fir~t twa' c~nanical,c09rdtnates sho~s ~he 
.- - \ " - 1 

. clu~ters ta be :rèas,onably well~.~èpa~ated. . The ones appe:a'ring': 

to be the closest, c:andE; are in fa~t 'quite di~tànt alo~g 

the th;'rd and' four1:h cananical coordinates,' not shown in the. 
, 

bivaria'te p'lat. The·six,element·s J't?,. Th;"Sc, Cr, MJ1, and Yb~ 
r \ " 1 

, , 

:6.2.6, The Keramidhalti reference, group , , . ' ~ ~" . ., -, - , ) .. 

" Befo+e,sètt~ing,on a quasi~définiti;e à~~ànge~nt o~thè 

Ker~dhaki s~p~esl a ·further 'test cwas, 'm~de:, 'This ,,,?as 'the' 
. , . " 
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FIGURE 6-viii: Bivaria~e plot cif 't~s'amPleS in 6 

- '~~e;ami..dhki, C'lusters~ usihq- th~ f~st 
two canonical coordin~tes as calculated 

by stepwise discriminant analY,s,is. 
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" f .. ~ ... 

isolation" an,d ,e?camination o'il those' sh~rds among the Keramidhikï 

mate rial ~hich satisfy the criteri,a for a reference group, 'a$ 

, 'd1.scus~ed in ~ ~~ction' 4.4 '.Rims o'f sauceboats ànd' sm:alJ. bowls 

f . dhàk.1 .' rom Keranu. ~. (This low fraction, 16%,result~ 'from the 

decisio~ to include ,examp1es from 'al~ fabric groups in' the 

: ,K~ramidhik.i- co11e~1;.ion.) Seven more base sherds, from ei ther 

sauceboats'" Gr bowls, could be added to this reference c01-
" 

lection, giving a total of 18 'samples: ~ER 6 to '18, 35" 36, 
< 

,51, 52, and 67. The pastes of aIl of these belong to one of 

Cherry's fabric types ,1 or 2. More signif~cant is the fact 

th'at almost aIl were 'distributed among the three clusters A, 

C, and ,D (the exceptions befng the two out1iers KER' 11 .and 18). 

No,typological criteria are immediate1y evident which dis­

criminate among members belpnging ta reàch of thes53 clusters. 

,Fro~ an ,archaeologièal ,point of view, , then,' they may best be" , , 

,considere~'as one làrger group. Whether the chemica1 sub­

divisions imp1y any subtle'distinctions <of provenance, such 
\ 

. The requirement that the chemical referençe group for 

.K~r~mi~~ki include these 16 samples led us, to merg~ the 
, ' 

'clusters A, 'C",' and 'D of ,the dendrogram. The Sm~'l+ bowl ,RER 53 

was included as weIl, since cluster D ab~orbs it b~f9re merging 

,with the 'other large c1usters. The,pai~ of ~~ples KE~ 43 and 
• .p 

'.57, however, whîch form'cluster'B, could he excluded on the 
r 

, " 

~ l ' .. 
, , 
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" -
TABLE, 6-I: Keramidhâki Che~icai 'Reference Groùp and' ,Outlier's . 

ÏŒRGORÊ 
, ,E; Jo ~ 

("37 samp1es) * lŒltOUT. (35 samp1es) * 

" KER î A 1.' '34 C 2 "KER ll- 45 5', 'f 

. ' 

2 A 1 

-: 3 0 1 

5 0 1 , , 

6 'A. 1 
, 

7 ~ 1 

802 

9 C 2 

10 C 2 

,12 C 2 

. 
'13 '0 2, 

14 ,A 1 2, , 

·15 A 
~ . 

17 C 2 

'19 0' 3 

C· 3 
',1 

35 C· 2 

36 0 2 

'3.9 .0 3 

40 0 3 

4~ C 3. 

48 D' r 

51 0 2 
, 1 

5,2 0, 2 

," 53 D 2 

.. 

55 ,C 3 

. , 5 &a, , O. 3 

59 è 4 '<,.' 

60 C A~-

61 C 4 

,66 C 2 

'67 0 
, l . " 

1 

IÇOR 1 ~ 1 

18 2 

,20 3 

'4 

24 4 

4 

26 .4 

27 ,E' 5 

28 5 

29 7 

31 '1 

33 

3 

3 ' 

42 --" 3a' 

43 • B 3b 

. , 

" 

46 

47 

~ 4.?' 

50 ' 

54 

6 

l, 

l 

3 

,5,7 B 30' 

58 E,' 4 

62 5 

63) , 6 

64 

6S E 2 

Gê 7 

69 ' 

KOR 2 ,,2 

': 4 E' -7, 

: ' 'l' 

. , 

" 

' .. 
1 

· '. 
• 1 

* ~ 1 l " \ r 

" The letter accotnpanying the samp1e number :.:;efers tq the cluster'"to wh~qh 

.' ,- , 

, that samp1e,belongs ,(see séction 6.2'.f)"' Th~ n~er whicl) !ollOws' is >' " 
, 'the fabr~c <hassi fi cation of the. sa.tnF-led . sherd (see sect;,ion- (). 2. 3) .', ," ' 
" ,KER ~O does not -appear on this table becaW?e it was too ,bard to s~p,le. ' 

'~ , 

" 
• "l' 

. · . 

.. 

1" ' 

, " 
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,,'grounds that the two malte up the seEarate fabric group 3b. 
<Y, 

. 'Tpe l,arge group so ~ormed has 37 members, or' j ust over half 
, 

of thé total number of sherds' sampled. 1t can be use"d as it 
, ' 

is ta represent the KeramLdhâki re~erènce,co~position 

(Table 6-1)'. , 

, " 

f 

6."2 • 7 " Kel!'aIllÏ;dh~ki out,liers 
- . 

'1 

Just under haIt of ~he Kera~dha:ki': sampIes, then; have 
. , 

"atypicaI". c,ompositions. Six of these form .the c1uster E, , 

a ~aried'group of re~ativeLy 'cQars~ objects. In fact,'many 

of 'the ~!ltliers are' ~de of' coarse pastes-, and perhaps their 
• 

origins dan be more precisely de'termined by minera1ogica1, 
. " J' J 

rnethods than 6y activation ana1ysis: Such investigations are 

in progress, ifr 'collaboration with John ~ï1ey (University of 
" , 

.soutnampt~r) 'and 'JOhn Cherry (Cambridge, University). pending 

the' 'result:s ,of thàt st'Udy', indication's of 'the' . provenance of 
• f' • ',,' 

the se, sherds arising ~ from the activation ap;aIys~s are· 

used te assign them ten~atiy~' origins. The lack of reference 
, ,.'{ - , . 

material si~lar 'to ,these obje~ts' in ,forro ~d pas~e hinders .' . . ~ 
• ~'{2 

,such assignments, alt.hough any' ,cheIIJ,ica1 similarity t:!o the 

Keràmidha:ki reference group would constitute evidence of 
.. • <1 ~ • / -... -o. ~ 

local origin. Let us, examine the _ qut1'i'ers ind'i vidual1y,,. , 

KER' 18: 

KER 20: 

p' 

'. 
. , ' 

, '. 
" ... , 

sauceboat spout; high-Co 
, ~, ~ -' ' 

large, caarE?e bowl; very ~;l.gh Co . , 

" , " 
, - - ,-_ ,- 1 -

,. } . 

" . 
,'. .. . 

, . , 

\' 
, ' r ,4 

,- ,<' 

.' 

.. 

If 1 

1 . 

,,' 
" ( 

t, 



: '1· 

T 
~ 
~ 

i 
\. 
~ 

\ 
. ·1, , 
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''> 1 ; 

, " 

" '\ 

.; 

~ 
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" 

" 

tKER 23 
and 26: 

~R. ~4: 

" .., 

" 

coarâ~, fraiments, perhap~ both'from f~re , 
dogs'; 'low ,concentrations ,of many; elements,' 
but high ~ , ' 
. ' 

coarse· wall 'Sherd'; low conc~ntration's" of many 
elements, but, high Th . , 

KER 25: 'coarse wafl sherd; concent~ations generally , 
low, especially Eu 

KER 28: 

,KER 29 ~ 

KER 31: 
. 

, KER 33: 

KER 31 
and ,42: 

t<E~' 38: 

KER 43 
and 57: 

KER 45, 
62: 

coarse wall sberd;' concentrations quité ~ow, 0 

but hlgh ·Hf 

coar~wall ~herd; high-Cs 
, , 

?bowl base; high Cr· 

,jar handle; low Ti 

bowls of form VI.6 in fab,rics 3 and 3a; iow 
'rare earths and, particularly Th; high As 
(not used for grouping) , 

large; coarse bowl; low lU, Ce,· E,\l 

coar'se jar and wall sherd in fab,ric 3b; dif::'" 
ferent compo~it~on pattern although no few. 
elements stand"but in-particular 
~ , - • a 

" , 

.. 
27.2' 

'and sandy baking pansi low Al, Ti, rare earthsi 
high Cr, ,Co. Could sandy temper.be of 
partieular importance'to this type, of 'ceramiè? 
Prelirtri.narY petrographie examinatiçm indicate~_ '" 
that these sherds have "abundant gl'ass" 

, " 

(J. Riley, pe'rsonal communie at-ion" 1980). 

KER 46~ large, coarsé ?bowli high Cs' 
" 

KER -47, 
an'd 49~ j~r,éherds in fabric li'high Na,.Mn~,Sc; high 

As (not used".for grouping) 
, p , .,. 

KER 50: coarse wall:sllerd; low Ki high C1:,' Co 

KER 54: coarse .j~r; high Co, 

-KiR 63: large bowl; e~treII.1e1Y hi,gh Cr apd Mg (not us~~ 
for grouping) i high ,V, Fe; lo~ Ti, Ell. Pre- " 

.. " 
~-=. --~-l""~-~"""""""'-~ ~ ..... ~-~ 

. ' 
, , 

_r __ ' _____ _ 
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., iiminary'petrogr~~hic'ex~nàti~n'sho~s thls 
sherd ta be "serpentine-rich'" (.1. Ril.ey, 

. personal communication, 1980) . 

27,3 

" , .'.J' 
, l! • ,(;1, , •• 

t. 
KER 68 
and 69~ 'h~gp base and handle of (a s~ngle?} 'fine 

• 1 

KOR 2= 

KOR'-3:' 

grey (mo'ttled) saueeboat; low MIU high V, 
. Ti,- Cr' 

large, animal figurine; Iow Al, Yb, Fei $6; 
.' . high Ca < 

, 

pain~ed sauceboat J;.im; high Al, 'ri, rare 
earths; iow Cr 

, -' 

, , 

The nature of 'severai of, th~se object$ is un~sual" ' It 
, .' 

c,an i be argued on grounds of 'rar~ness as weIl' as on chelUical , 
grounds that the glZey mot,tled ,squceboat KER- 68 and ,69, the 

')< 

ani~i figurine KOR,2, and the pairi~ed sa~cebo~t KOR,3 had 

:b~en prought 'to'Corinth fram'otper centres :Of manufacture. 
,.IJ ) ~ , - ... _ 

The', ~'rigin of' the 6 objects belon:g'ing ~o' clust~~ E may ~lso 
, ' 

not be ~oeal. The animal figurines KER 66 and,KqR l, the 
1 • 

sherds ~ith aPPlied rope de~o~atian KER 60 and 61, and the 

paint~d sau~eboat KER (,7, on th~ oth~r·band,· rnay' be~ prdducts ,", 
, • ~ • l' 

ai 'Kerazrldh.{ki artis9ns., " t" . 1 
, J 

/. , 

, . 
6.3 Reference grou~s ~nd 0utliers at.other sites 

, ' , 

6.3.1 I{or~ou 

The same proGeclur~ as' fo~ Keramidh~i 'has ~ been followed', 

in order to ~stabl~sh a reference group', fo'r Kor~ou.' 'out- ' 

liers cau1d have been picked 'out from,nistograms~ but sinee 
D 

iterative cluster anal~sis was,so effective with the' 

; , 

• p '1 

, " 

F 
" -',' " 

~', . 'l' 
~ -' ~- . a. 

, " 

. ' 

't 

--1" 
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, ! 

" . 
" , - ,.. , , -

Kerami-dh~i data,'it was the main method used to define a 

tentati ve -reference group ,for Korak~u as we'll ~ 
- 1 

the progr~ . 

~P2M was again used for cent'raid Clu,st~r.ing of a Euclidean-
l ' 

distance ~atrlx, the 19 elemental conqentrations having 'first 

been standardized. Althpugh a large core of similar samples ' , , , 

~as, eviderit froin the first' dendrogrqm CFig. ' 6':"ix),' çlustering, 
.. ... " 

was performed r~peàtedly after'the ,removal of the following , 

outliers, ,ip turn; KRK 29', 33, 35, 37, and 48; K~ 4, -26, 

and 34 1 KRK 3, 8, and 47; KRK 25; KRK 11, 12, 23, and 30; 

KRK 9 and·31i KRK 32 and 41;' KRK:,17i.KRK 16; and' KRK '22' and,38. 

Once again',_ some ex,!=-ernal information was used to deter-. 

~ne the best point at ~hich ~o stop removing outliers. The 

archaeologic~1-refer~mc~ consists of' the, sa'uc~boat·'~herds',+,. 
" - -' - (), , ' \ 

K~ 5-14 ànd' the bowl sherds KRK 19-23, 38~ and 39. A few 

of these ~re among the out1iers just 1isted., The compositions 

of :he, last two out1iers, KRK, 22 an~, 38,~ ~ffer.fn1Y s~ht~y' 

fro~ the group average (see,appendix ~).- As we1~, the " 

sequence ~f amalgamation distances ,does' not'show large dis-
, , 

90nt~nuities at, a,ny point C:Fig. '6-x). ' ,These two ,samp1es . 
" , 
were therefore left ln the group xor the time being. Thè 

" . 
samp1es KRK ~ (hign Cs), K~ 8~ery high' La, :Th, Hf, out, 

low Ca, Mn),' and the cluster KRK l,l, 12, and 23 (high Ca), 

bowever, are more distant. Th~ were provisionally excluded. , . 

Sa were- KRK" 16, 17; '-artd more' distant s~mples not belongi~g .. 
to the archaeological reference group~ We were left with 

22 sam~les, or half qf the total number anaîyze~" f.9r~ng 

) , 
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'. 
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1.079 
1.322 

l 1.4-81 
1.375 
1.614-
1.653 
1.819 
1.857 
1.990 
1.870 
2.147 
2.153 
2.155 
2.281 
2.330 
2.278 
2.315 
2.508 
2.513 
2.563 
2.587 
2.692 
2.744 
2.761 
2.871 
2.944 
2.995 
3.151 
3.200 
3.259 
3.541 
3.739 

,4.026 
~" 4.246-
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4.875 
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the chemical referenc~'group (Table 6-I1). ,Besides ,the 

sauceboats 'and snall bowls, these inolude a cross~section'of, 
, , 

othe~ EH II ~orm'S' in fin~ or semifine 'pas,tes, as we'll as 

four 'of the six EH III sherds sampled~ 

Let '~s examine the nature df the outliers'from this 

grou~. The ordinary sauceboats and bowls haye already been 
i!<' 

mentioned.' KRK 3 and 4 are high bases, uncommon forros wh,ose 

compositions' are not similar. 
t 

KRK 16 and 17 are fine sherds 

(thé first definitely from.a' sauceboât) which bear a Dur-
, , , 

nishe,d, mottled slip. They resemble each other in com-· 

position, but are quite different from a thïrd mottled sherd" 

K.RK""18, included in ,thé chemical refer~mce (or "core ") group ... 

This is analogous to the situation of KRK 2~ and 26 vis-à-vis 

KRK 28; aIl three are closed forros in green pastes, but only 
-

the last belongs to the core group. The lad~e shaft KRK 30 

has b~en excl,uded fram the cpre group primarily because' of 

its high Cs ~ont~nt. The other sample from a ladle, KRK 29, 

is of coarse p~te, -as are KRK 31-37. Among these, only . ' , . 
o KRK 36, ·a '?~ar 'she~d with applied rope decoration, belongs 

to the core group. ~RK 29 has a ve~l composition, . . 
inc1 uding 7 % Mg. ~n many respects it resembles KER 63, 

perhaps sharing a common origin'. The weight KRK 37 and the 

sample ~f ~arth ~~om' its 
, ~. . \ 

. qu~te strongly, -,they are 

holes KRK 4a resemble each other 
" 

the mast calcareous df the KorAkou 
. , 

,samples. Probably the weight 'was fashioned tram local earth 

unsuitable far pottery manufacture. F~nal1y, two of·t4e 
~v_ 
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'TAB~E' 6-II: Roxâkou Gh~ical,Referencè Group and Outliers 

, ' 

KRKCORE' (22' samEles) .. 

KRK 5 

'6 

7 

10, 
, 

13 

14 
'"15. 

18 
19 
20' 

21 

22 

2~ 

36 
" , ' , 38 

3,9 

40' 

41 

42 - " 
\43 

45 

46 

l,' 

.( 

• 

K.RI<Ot,JT (22 samples,) 

KRK 3 

4 

8. 

9 

11.· 

'12 
16~ 

17 

23 
25 ' 

, 26 

29 

30 

31 

32 

33 
34 ........ 
35 

37 
44 " ' 

, ,- 47 
,1 

4'8 

, . 

, ' 

" . 

'" . , 

, 
, 1 

L 
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EH III sherds, KRK 44 and 47, have unusual composition$, the 

latter (almost no Ca) much more extreme than the fonner 

(low Co). One of '~hese, KRK 47, aiso bearS! unusuai deco­

ration in light paint On a dark slip, as 'does KRK ~6, a 
. 

menmer of' t~e chemical reference Qroup. 

6.3.2 'Zygouri~s 
, , 

With the zygouriés samples, ,a new 'èQInplicati'on had. to 

be acconnnodated. This was the- .me'rgipg of tl'\e data from GANOS 

(Atta~ 1980) with·-that generated 'at McGili. Analysis of 

nine ZYG'samples in France did not include determination of 

the elements measured at Poly (section 5.2.7. 2) and values· 

reported for Rb and Ce concentrations are unreliable. Tungsten, 
ï 

concentrations were reported to be in the iO-24 ppm range, 

lo!! enou'gh that èven if they are in error by a fàctor of 2, 
. ' 

the inaccuracy ,in correcting the Co concentration amounts to 

rio more than 2.5 ppm. This i·s an accept~bIe, though far, 

.' from ideal, degree of fmprecision. Because the cluster , ' 

, anaIys~s .program BMD~2M ca~not manipulate data with missing 
~ . 

" values, tW9 sequences of computer trea·tments. were performed. 

One included aIl :the ZYG saÏnples but only tl1.e 14 elements 

~ommon. ':t~ bath the GANOS prid the McGill .mea,sureme~ts (C,a,~ 
K, Mn, La, Yb," Cs', Sc, Eu, '-rh, Hf, Cr, Fe, Co), and the 

, .' , 

other included 'the .20, sampl,es IJleasured at MC,Gill with their 

full complement of concentration'd~ta • 

r' 
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The first clustering pf'2a of:the 29 pYG samples (ZYG 13 

be~ng excluded as its Ca value was 'mdssing) revealed'ZYG 2, 

'17, and 27 to be most distant from t~e,remainder (Fig~ 6-xi). 
< . , 

The ne~ dendrogram, produced after their removal from the 

'ana1ysis, showed ZYG 14 and 15 to be c1ear ~utliers. An 

element-by-element comparison determined that ZYG 13 apd 14 

are quite simi1a.r in composition, so that ZYG 13 could be : 

safely~cluded fram the reference groùp as weIl. A cluster . F . , -
analysis of the 23 remaining samp'les 1eft the jo{ning of 

ZYG l, 20, and 4 (in that order) to high amalgamation 

distances. A further analysis without thes~'samples showed : ~ 
" ' 

a smoother rise in the amalgamation distances, with a sligh~ 
gap at the ~our-cluster level (Fig. 6-xii'). These clusters 

are: 

... 
" A. " ZYG 3, 6, 21, 22, 26;' 28, 29, 30 

a. ZYG 8, ,9, 10, Il, 12, 16, 23, 2~, 25 
r 

C. ZYG 7, 19 

D. ZYG '18. , 
b ' , • 

This arrangement is' simdlar to that obtained by c1ust7ring 
" 

only the 20 McGi1l samples. ln, three pas~es, the followin9 

, ' outliers were, isolated from' the MoGill sB..!Ilples and, sùc ... 

cessiyely removed:' ZYG 15, 17, and 27; ZYG 4; ZYG '19 and 

20. 'A,discontihuity in the sequence of amalgamatiorl, 

distances at the 5-clustèr l~vel sugge~t the Io1ldwing 

, a~rangement: 
.' 

. , 

, ... . ~ 
, , " -;-,-..... ---_ .. - . ~- ----. ---~--=-....-.-, 

-' " - ~ ~ 

~ 

1 ..." ~ • ,t', " 
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Cl~s~e;-analysis dendrogram ~or 28 zygouri~~ 

-sa~ple~. 

1 .... ) t ' 

FlGUm!: 6-'xii: c;tu~ter""é?-p.alysis dehdrograin foi: '.20 Zygouriê's 
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Z YG - 3 1 6,. 21, 2 2; 25, 26, 28 1 29, 30, 

ZYG 12, 16, 23, 24 
, , 

ZYG 18 i ZYG' 19 ;,ZYG 200 

s,ubstantial differerices betwéen these two arra~ge-

men s is the position of ZYG 25; '1ts chemical re~emblance 
.~ " 

to ZYG 9 p~ts 'it in cluster B of the'firstiYàrrangementi 
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: 

wi thout ZYG 9, i t most resembles 2yG 22" ZYG 28, and ZYG 30 • .. 
Since lOOre eletnents are included in the ',calculations in ,the' 

.. ~, 1 ( 

latter .~.n,stanqe,: ~ssignmeIl,t}.'of ~G 25 a~ above,'wa~ preferred. 

~ discriininant analysis wa!3 pe.tforme? on the 4 clusters 

descrihed a,bove (with ZYG 25 re-as,s1.gnèd to A), in' order to , 

see how weIl they are separated and which ele~ents account 
, , 

for the separations 0 The'bivariate plot of the first two ' 

canonical variables, produced by the pro gram BMD~7M, shows 
, 

, the c,lusters to be quite' distinct., with: a clear g~J? betwe,en 
1 

A and, B (Fig. 6-xiii) 0' Z~G 25, is'the,member of' cluster A 

closest to 'clus,ter B'o These clusters differ in Fe and Sc 

conce'ntrations, \hose of the sampl(es 1:n_ B "being highero 

Cobalt' concentrations are, aIse sligh~ly'higher in sampI es '. 
from that cluster. ,~he other, smaller clusters are distin-

. 

'. " ~uiS~~d on the basis ,of high- Ca concentx:ations lCl, and' a 

hi?h Yb ,concentration (D) 0 •• 

-The 
","'- . 

was also 

che~cal,significance of' a chr6ne~ogical d~stinction 

test'ed \Y . di~orimin~~ analysis 0, : Th~ ~~mp~~s, 
'. ZYG 21-30 come. from a, deposit 'date~ to the early part of', , 

;: . . \, ~ . ~ .' 

. , 

the. EH II phase,' whereas ZYG 7 ... 20 are Sherds typical of',.the 

. , 
, , 

/ 

" 
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" 
Biva~iate plot of the samples in 4 Zygouriés 

clusters,. using the first two canonical 

coordinates'as ~a~cu~ated by' ste~ise 

discriminant analysis." 
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unusual object~ late part of that phase. .( ZY,G 1':'4 and 6 
~. , 

from various deposits.l The program BMnP7 was used to test 

the differepces between these two aréhaeolo ical groups. 
, 

Discrimination is'not so clear às in the previous instan~e, 

but the elements ~ and to a 1esser extent Cs appear useful 

in distinguishing the ,groups. The early ,group has higher 
• , 1 

conce,ntl;"at;ions of the,se. arid other elements thàn 'the late' . 

grC?up. 

This division of the 'Zygouiiés samples resembles the 

one produced in the cl uster analysi s. ' In the latter' c&se " 
, .. 

however, two member~ of the early group, . ZYd 23 and 24, are 

found ~~ 'oluster B; which also includes six.members of the 

late group. 'Al~ ,the members of cluster A whose oontext is 
, "" . , 

~noWn (i.e., aIl but ZYG 3'and'6) come from the eârlier 

deposit. ~e archaeological significance of these dis-
:... , 

tinctions becomes, élearer when the "ZYG samples are compared 

to those from other sites lchapter 7}i at this point the 

chemical, reference gx:oup was conservatively taken to consist 

of the 2-0 samples making up th~ 4 cl'usters listed above 

(Table 6-III). 

We may now consider the nature of the ZYG outliers,with 

. respect te this reference group. First of all~ neither of 

the two ra,m'.s headed sauceboats, ZYG 1 and 2, matches the 

zygouriés reference composition~ ZYG 2, h~s the 'more ·un-
. '---

'usual 'cOJ1lpositi<:>n, with"only 2.5% Ca, twi.ce the Hf of the 

other s~les, and very low Nn and Cs cqncentrations. ZYG.l 

• 
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TABLE 6*l!'II: 1 zygouriés Chemica1 ~eference Group and Out1iers 

'.' 

ZYGCORE:. '(20Ysampies) * ZYGOUT (9 sarnp1es) 

1 

" l, -ZYG 3 A 
, , 

ZYG :1 
1 
1 • . 

-}." . - ,6- A 2 

1 
1 
1 , , 

, 
. i 

1 
- 1 

) , 

l
i . 

, . 
i 

, 1 

1 

'7 

8 

9 

1'0 
\ 1 

1ater .' 11 
, EH II, 12 

16 

18 

~9 , 
'21 

~2 

23 

'earlier 24 . 
EH II '25 

26 
~ 

2B' 

29 

JO 

C 

B 

B 

B 

-B-

a 
.B 

D 

C 

A' 

A 

a 
B 

A 

A 

A 

,'A 

'A 

4 
,~ '." 

, ~3 

- 14 
'.,. 15 Il 

17 

20 0 

, .. 2·7 ..... 
. " 

, " 

," 

; / 

~ ! " 

. *The" latter A-, B, 'C , .or 'D fOl1owing th~' samp1e number' refera 
(. ta the âluster ta Wh~aQ thàt ~ample belangs (~ee text). 
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, .. 
has high ,concentrations of Ca and Cr. The curious jug neck 

~ ZYG 4 has very, low Ca and Cs concentrations, but a vâ1 ue 

for Cr weIl above the average for Zygouri~s. The pair of 

,sauceboat spouts ZYG 13 ano 14, although ordinary in ap-

pearance, have low ,concentrations of many e1ements, par­

tic~lar1y"Na, K, La, Sc, Fe, and Eu, but high ones of As, 
\ 

and for Z~G 14 at' 1east, Ca as weIl. ZYG' 15 is another 

ordi"nary":'looking sherd; a ring base ln this case, with 

. unusua11y high cor, ç's, and Ca values but low" V, Ti 'e Sc, 

Fe, and rare-earth ones. The'bowl rim ZYG 17 has the highest 
C< 

" concentrations of Al, V,, Ti" Rb, Cs, Sc, and Co. The compo-:-, 

si tion of ZYG 27 is even more extreme, ~i th 'Very hig!]. con-

centra'tions of Na, La', Ce, Eu, Th, and Hf, but low concen-

trations 'of Ca ,and Co. 

, , 

Ne are left wi th the borderline cases ZYG 7, lB" 19, 

- and 20. The fi~st and third of these malte up clu:s.ter C, 

a pai~ of samples wi th high' concentrations' of Ca· but 10w 

'ones of La and Hf. ZYG, 18 is n'otable for i ts high Yb ."\ 

, ' 

content, as mentioned above, but also contains above-

average concentrations of Na and Mn. Finally, ZYG 20 is 

unusual only in its a1kal~-meta~ composition: high in 

Na and Cs, but low in K and Rb. The clay (or the ceramic) 

may have undergone a transformation involving substitution 
, 

of these ions, a possibi1ity mentioned in section 6.2.1. 

In that case ZYG 20, would have the same origin as the 

• 1 f ZygourJ.es re erence group. 
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6.:3.3 Phlious 
C' 

-Only a small collection of Early Helladic materiai was 
.;" , 

pres~rved from the excavati'ons ~at Phli'ous. This 'limited' the 

selection of material for the archaeological reference group. 

The provisional chemi cal group establi shed on the basis of 
Q 

. ~ , 

',10 analyses at GANQS (Attas 1980, p. 90) was ~ bolstered by 

4 

. \ 

the inclusion of 5 ladle fragments and~ a 1 oomweight, analyzed 

at McGill. Cluster analysis of the McGill samples alone 

served only to indicate that PHL 4 (a coarse ladie hahdle) 

and PHL 14 (the loomweigh't) differ strongly in composit,ion' 

from the other 4' samples. , , 

The treatment of aIl 16 samples together required 
, 

limi ting the nwnber of ,elements considered to those - common 
. , 

to both laboratories,. in this case, Na, K, Mn, La, Yb, Cs, 

Sc, Ce, Eu, Hf 1 Cr, Fe, and Co. (Ca was not .meaau:red in 

this irradiatïon at GANOS, the GANdS Rb values are \,ll1reliable, 

and there appears to be a systematic difference in Th con-

centrations. The GANOS W values seem reasonable enough to 

allow the Co concentrations to be approximately corrected.) ~ 

In the first cluster analysis (not shown), the pair of 

samples PHL Il and 12 appeared to have the most extreme 

compositions" with high Mn, La, Ce, Eu, and Co concentrations 

but a low value for Na. These are two sauceboat sherds, 

ordinary in appearance, of g.reenish paste with a .medium 

guantity of dark gray (PHL Il) or black and gray (PHL 12) 

inclusions. The loo~ight PHL 14 also has an unusual 

------_ ... 

., 
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cOlnppsition, with, h~gh ',r~re.~~~~h con~ept:ra:t·ions. bU!:. ldw Al, 
. . .' ~. " ' , 

~9', 'V, Na., ~, Cs" ,SÇf and Fe ?oes.; The' ~n~~r ... h~'ad figu:x:ine 
, '. 

PHL i, i~ th~ ',fou:tth, eobjec~ o'f very 'dis~i:nct:i',!e ,compo,sit:.ion, 
, -

high in La but lôw in ,mos,t ·of the other 'elemental' conçen-
, 

, 1Frati'Ons. -The: compositions ot' a furthé:t: ~ samples_ d.i~:È~~· ',-

froIn the group average te a lesser ext~nt· (-,~~g., b .. ~'V) :' '; • ;i~d~­
âre,PHL' 4 '(high Cr., Cs, Co); PHL 7 (~igh"'L,a:, ,S~~"E:~);': PHL'âo~ 

- . - ~ . ~ 

, . 

•• - , ,...... .. ( -r 

(low' K; high EU,' Hf, Cr) f and, PHL, 2f '(high Na; ~ow La;, :ce " ër)'~ . 
• • • 'J _ ~ _ _ • .. ~ ..,...... ...... _. .... ." _, , 

Ali these sherds come from 'or~inàry-looking .ob'~e.ët'-s; SinC;;~: 

the .. a~lg'aIoation di s,tances . rü;'e 'Sm09th:l.y, thrQuqh' the· s,t'eps. , ." '. ) ~ -" . 
of' the cluster analY$is. where the' s~pi~s~ jo:i:n' th~ , core' , 

.. . ~ '" 
" .. " .. 1 ~ 1 .. .. .. .. 

clus~er, it was difficult, to.deç~de wnethèr or not tO,inciude' '. 
~ l ' .... 

SœDe Qr all. of them .in the chemical co~e; 9ro.up.', Since,',the 

PH,L 'group 'base~' on' the' ~~ 'datà' ;wa~ . ~~~~ai'iY broad':, (~~~as ' ' 
~ ~ .... --~~:-\ '~, 

" : -

1980, 'p. 90), thes-e"'.4 'sampl:es -'were- omit:t~. fo~ thé Inoln~nt -
• cl. _ l ," " , .... .. - -:, : - 1.. /0 : ... , _~ .. 

tT,able, 6-IV); 'put, aSide, fs>r ·p.oSSibiè d~-attribution to ' 
-<-. " • < ~ ~ ~_ .~ .. ~ • ~_~. .. - 1 .... : 

'Phlious' on tn~ basis -of irit~r~site comparisons. 

, , ,1 
6. 3 .• 4, > As in'e ~ , 
'..' : 

, ' 
~.' - . 

" 

J.'O .. -; 

" 
... ', .... 

, .. ~~ , 

-
" 
" 

.The èondi tion of .t.he AS'i.ne data .i.s si~lar to tbat of /// : .. 
.. ' . \, - ~ ..... ' .. / .:~" 

the zy.§purlés and Phiiôu~ ,dat-a.:, 'teh samp~,es' aniilyzed by,' , / /' . . ~ " ~ 

GANOS~" and a' furthe~ ~1 ana,l:yzeci' ai: MCG-iil. '~o~me'as-~/'<. '.'-

urements "w~r~ taken ~C;;r th.i~ i~~~d~àtion at ~os, 'an/oric~' ,p-
- ,\ .. 

again th~ GANO~ Rb va:~ues !:laye' very 'largé lq,eaBute;ment, ~-', :, , " . " " - . ~ 
t , .. '. .;' ';. • .-

certainties, but at least, the 'lb- concentrat~on ran'ges seem ' '._ ' 

to. agrée betwèen the two ~~~oratories. '''T~~' ~liniina~i.~~:·-o~:, ",:~':' : ' 
1 ..... _ ) 

'l' '( 
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F!GURE 6-rlv: 

FIGU;RE.6-xv: 
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Cluster-analysis dendrogram for 12 Ph1ious 

samp1es .• 
." 

.c!uster-ana1ysis dendrogram for 26 Asine 

s~les. 
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Ph1ious Chemical' Reference Group and Oùtliers . '. 
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outliers proceeded in a manner simlar to' that 'for othe'r_ 

sites. 

Separate cluster analyses were'performed for the foamples 

analyzed at McGill and for the entire data set,' using.in . { 
, 

each case the maximum number of reliable elements. Successive 

dendrograms for the McGill data alone (not shown) have the 

following sarnples as outliers, in order frorn most to least 

extreme: ASI 7, ASI 12 and 27, ASI 31, ASI 8, ASI 6 and 16, 
: 

ASI 9, and ASI 18. At smaller values of the amalgamation 

distance, 'multi-sample clusters are linked. The sarne ' 

iterative, process performed using the' 14 elements Na, 'K, 

Mn, La, Yb, Cs',' Sc" Ce, Eu, Th; Hf, Cr, Fe, and Co, and Ftl! 
.1 

31 samples' tq, b~gin'w,ith, gives these outliers: ASI!>,,7, 

ASI 12, ASI 27, ASI 31; AS! 8. The dendrogram prod~ced 

after their removal has no outliers, but is made up of 

several multi-sample clusters (Fig. 6-xv) .. The amalgamation 

distances increase rather srnoothly, making the choice of the 
/ 

best interpretation difficult. The nature of the ob~ects, 

in each cluste~and thè chemical dif-ference.s between clusters 

help in the interpretatio~ of this dendrogram. 

OÎ the six . s~ples _, of mud brick, five falI inta the 
'. ',\" 

most extreme cluster (i.e., the one joining the rest 'of the 

samples at the ?ighe~t. amalgamation distqnce). This cluster 

(" Ali) also contains ;two pottery samples, ASI 16 (a large 

bowl) and/ASI 17 (base of bowl or sauceboat). The clay 

sample ASI 22 joins the cluster- las't. These samples have 

.,' 

" 



" " 

f 
\ 

Î_ . 

'. 

, 
l~wer concentratio~~ Qf most elements than the res~ from 

Asine·. Since the y stand ~part so clearly', t'hey cannot b 
.. ' 

,used to deduce the local origin of the rest· 
/ 

samples. Çertainly ASI 16 and 17 can be co?sidered local, 

but for thè others we lack such definite indications. -It 

should be noted'at this point that sinee,most 0; these 

obj.ects were found out of eontext, all evidenee for thei'r 

dàte is typological. Th~ mud bricks in particular May 
, -

belong to any,pe~iod in Asine's history (Guest-Papamanoli 
" -

197a). This, 'of course, does not inval~date their use as 
. . 

local reÎeren'ce mate rial , but their connection with,,~ the 
',. 

Early Helladic period is tenuous. 

Sinee we wished to include ASI 4 and ASI 22 in this 

> firs,t gI;"OUp, but to keep the group apart f,rom the rest of 

the s~mples, the cut off point of amalgamation distance was 
> 

chosen to lie between 3.8 and 4.5. At the lower of 'these 

bfo values, two other clusters plu's two single samples are 

distinct. The smaller of these clusters ("B") is made up 

of the samples ASI 10, 20, 24, 25, an~ 33, aIL with high Na 

292 

and K concentrations. '!'he third' cluster ("C") con tains the'_ '. 'J " 

.. ~kl, '~ .-;. 

oth~~~mud-b'rick sàmp1e, ASI S" and the sherds ASI 9, Il, 14;." 
, ~~I 

Qf these, ASI 14 joins :.la~.t~ ':-~ .. . 15, fa, 19,' 21, 26 , 34, and 35. 
". ;.:.-, 

l'.~sr 13 join~ that clust,er at an amalgamation distance of 4.1, 

just befor~ cluster B and the s~ple ASI 32.' These tW9 
A 

single samples might best be kept aside. A discriminant' 
• , 1 

.~ai~s~s.s~ows. the three clusters ~be well-separated 

/ ... 

, . . ' 

' . 
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B~variate.plpt of thesamples in 3 ASine 

clusters, using the ~irst two canonical 
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,1 ' 

(F.i,g. 6-xvi),.· The program BMOP7M used Mn, Cr, 'Fe, land Co tb 
, • • ~ .t ~ "l' 

,\. 'distinguish them, tbough 'K, La, and Yb a'lso: vary copsistently 
.' ' u , 

\ aIOOng them. ' ...... ' , 
, ' 

The samples,most suitable for c~nstitutfng'an archaeo-
. ' 

logïcal re'ference' group are ASI 1;3,' 14, 17,' 19, 24" 25,.26, 
. 

~2, 33, 34, and 35, aIl sauceboat or bowl sherds. These are 

,divided up bet~ee~ clust~rs Band C, excep~ for ASI 13, 

close to cluster C, ~d ASI 17, a membe~ of cluster A.' 'There 
, . 

is no evident typological distinction between the objects 
, . 

in cluster B and those in clustér C. It was therefore 

tempting, when comparing Asüie material to objects fram other, 
'".,[ , ~ 

, ~' , 

-si tes, to IQ.erge clusters B and C, o'r even to treat the 26 

-
samples pf the dendrog~am as a single large group (Table ô-V): 

As long as this does nat cause the Asine' samples to ov~~lap 

groups from other sites, it is acceptable, but otherwise 

the thFee,cluster~o~ld be kept separate. Samples fram 

ether sit~s attribut~d to the, large Asine gro~p should be 

tested against the three clusters separately in any case. ht 

least t~o of these 'clusters, A and C, are probably,local, 

since both cantain mud-brick samplè~. 

,~'Arnong ~e,outiiers are several sherds with unusual 

paste or decaration. ASI' 7'(low rare earths, cr, COi high 
'i 

Al, V, 'Fe~ ~c} "bears' à burnished exterior, as does ASI 27 

Clew Mg; high Mn, rare earths). AS! 31 (high K, Rb, Cs, La;, 

Eu, Sc, Fe, - Co) is a small sauceboat in slipped-and'-polished, 

mottled ware. ASI 8 (low K; high Na, Cs, V, Mn) and ASI 12 

" 

, 
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TABLE 6-V: Asine Chemical 

ASj,CORE (26, 'samplès)" 

- ,ASI 1 A 

, , 

.':>'" 
• J 

.,".. ~.!.,' 
... ,~I -" 

2, A 

3, ~ 

,4' A 

5 C 

,13 

A 
c 
B 

G:: 

'14 C 

'15 C ',' 
16 A 

,~, 

17 ·A 

1~, C 

19 C, 

20 B 

21 C 
22 A 

24 B 

25 B 

,{ 26 C 

32 

33 

34 

35 

B 

C· 

c' 

, , 

'~ 

Reference GrQu!2" and Out1iers 

ASIOUT CS sa~les) 

ASI 1 

8 
12 

'27 

, 31 

• ~1r. 

.-

.. 

.,. 
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* The' let ter A, B, or C fol1owing the" samp1e n~er refers tp 
the c~uster to which that. samp1e be_ange (see text). , , 
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(low Na; high rar~ earths, Mn, Fe, Co) contain quantities of, 

rOCK inclusions. The app~arances of ASI 13 and ASI 32 are 
~,~ 

< ~ , 

not unusual, but the samples a~e set'apart, bY,high Yb and~r ' 

cOncentrations respectively. 

6.3.5 Tiryns 

'1.'he larger number of,' samples ,from Tiryns apd, t'~e more 

explicit strategy fol~owed in selecting them give the Tir~n~ 

material an increased potential for interesting chemical 

groupings. Before these groupings were investigated, a few 

outliers were found and elinUnated using histograms and 

cluster analysis as described above'. Since aIl the Tiryns 

... 

samples had been analyzed at McGill (and Poly for the short- o 

". 
lived radioelements), the full suite of 19 'reliable elements 

:' 
, was used in the computer work. ,- The samples TIR 26, TIR 70, 

TIR 76~ and TIR 83 could imme,diately be set aside for later 

consideration" on the ba~is Qf extrema concentrations of 

- many elements'\! - 'l'he dendrogram wi th" 5S ~amples (Fig. 6-xvl:i) 

shows that a twelve-sampie cluster is 'more distan~ fx.om- the 

majority of the samples than' tpe remaining outlie~s~ 'The' 
o , ' 

only ~rupt increas~ in th~ sequence of' aina'lgarilation, 

d~stançes occurs at t~è 9-cluster level, aIl but two ,of ' 
Jo )p 

these clusters having four or fewer merobers. At this point, 
P • r' ~ 

where the amalgamation 'distance j"umps from 3.8 ~o ,4.2, the 
- , 

~econd-larg;estcluster, has, ten samples: TIR 38, 56, 57, 59, 
, y.. " 

60, 61, 62, 77, 86,' and 88. Setting this group aside aS 
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FIGURE 6-xvii: CLustèr-analysis dendrqgram for 55 Tiryns 

sample~. 

" 

,. " 

.. ~. ~\ 

" 

" , 

, " ... 

" 

, . 
" , ~. 

" 

'. 

< ' , 

" 

" 

~ ., 

',' 

., 

1· 
• .J ~. 

, 
-7!: .:.": . ,.,.~ 

.' 

29.7 

'. 

.', 

J ., 

, , 



( ., 

(, 

\. 

\ 
f 

'. 

\ 

" 

..... cr ,..<iI 

... -cr oQN 

... -a: 11'101 

..... a: 10_ 

...... a: 10<0 

..... u:: 11'1"" ...... ~ oQO 

"-0% "",.. 
",,-a: <Xl:D 

...... a: 11'1>0 

...... " '\:1"" 

...... g: II'I~ 

.... a: 

.. ..... cr '" ...... 0: .,., 
...... a: a:711'1 

..... a: ... -

..... a: "'. ... -... a: "',., 

..... a: _::II 

..... a: "'fil 

... -a: ... tlI 

..... cr ,.,-

..... a: ... .t 

..... œ ,.,,., 

..... a: oQ 

.. -a: ... '" 
"'''''''~ '" ... -a: -<Il 

.... a: lOt ... 

..... 1& 11'1 

..... a: ... .., 

...... a: 1'-1/'1 

"-14 "HP , 
..... CIl .. 
...... a: QI 

loo-a: ,., .. 
..... a: -.... 
...... iI. .0 
...... a: -00 

....... a: . ." 

... ~-a:: 1"1 

"-U l'lOO 

...... CI: <t. 

...... " "0' 

loo-a: .N 
~~-(E "'CI 

~ 

...... œ----.CDC\,( 

"':',,..a: «1_0 

~ ,..-a: al .. 

.-."_ ..... (1 "0 

100 ... CI: ... 
"'-0: JU ... 

... -ex NO 

... -a: 

~~"---"'---"''''-----'''-'''-----'''---I • • 1 ............................ - ... , 1 *;, , , , , 
.+1 1 +w~~~~~_~ __ ~~_, 

J +-............ .. .... -.................................. t 
• r ..... _-_ ... , 1 
-, , 1 & 1 +_~_~~ __ I 
.~~_N_ ... _I 1 . , 
*_ ......................... - ...................... - ............................. - ...... - .... 1 ~ 1 

+1 
........................ - ......................... --.................................................. f ........ ,' 

• 1 .... 
.. - .......................... - ..................... _- .......................................... 1 1 

• li , 

*---~ .. ~-----"--------~ ... -~-_ ... -... ~- ... --... -~- ...... -I 
*---~~--~ ... -.. ~--_ ... ~---~-~-~-~ ... _~~------ ... ~-----~-~---, . + 
*-~--- ... -... --~--~-~-~- ... __ ... ~~ ... -... _-----·-~~~----~~~~-~~I 

t 
+-1 , , 
l , , , 
l , 

f ! , , 
1 

;*~- __ ~ ___ -~ ____ ~_~~M~~N~ ___ ~~ __ ~~~_-__ ~W __ ~_W_~ _____ ~f 

.~~ ____ ~~ ______ ~~w ... ~ _____ ~ ______ ~_f 1 
o 1 1 .--_ ... ·_-----_ ..... -_ .. _--------1 l , 

............ "" .. ,.. ............................................. 1 : : 1 1 

............. --_ .............................. f : :: J 
l , " , * .......... , <# ... --. l • t f , 

.. ........... , ... - ......... - ......... -_ ............ -- 1 l" l , 1 1 
Il! ........ _-.... t 1 : 

• ........... - .. - ........................ , J + " 1 1 
+--~---~t.l' , ....................... _-_ .......... t 1 'it 1 

.... ------, !I, : 1 
l ,l, l , , *- ...... t + ...... - ..... '-!-_................ t l , 

*-... ~t-- .. _' t: 1 
._~ ___ • ______ ... __ .. _ ... ____ • ______ ... __ I , rI,' 

" l " .--_ .. _-----~.-----~-~.--~---I . . . + ........... , 1 l , 1 
.-_ ......... _-- .......................................... " :: 1 : , 
*,,--~ .. _-_ .. -=-_ ... _ .............. """ ... ...; ......... - .... _- ... - .. -t 1 : ~ i i ... _ 1 : r 
.~~~ ... ------~ ...... _-~-_ ....... --~-~_ .. _ ... -t Il l' 1 ) , 

1 1 ., --..... ' •. _L,(' "l' *-............................................ __ ........ - ...... t ... _ , 

... ~_ ...... __ .. _ ... _ ........ - ... _-. . t , 1 l" Il 1 r " 1 

',', l' Il' l ", ' ................................. ,.. .... t 1 1 1 1 

" 'If t " " 1 l ' :::::::+ .............. ~ .. r ..... I,i 1 l!f ... 1i 1 1 1 J.I 
................ --............. ~ ... _ ... , l '1 li \ 1 1 +, ...... , 

.... ................. ---. 1 : : ~ ...... _ ...... _ .. -I '1 t • *---.. -: .... _- ~ t!, 1+ t--- I 1 1 1 1 *---........ _-, " " " , 1 
*_ ............. _ ..... - ...... t! ... - ... ~' : 1 II· 1 
... -_ .... , '1 1 1 1 
.-., l .............. 1 ~, 1 t 

+ ..... , . 1 l ' 1 • ...... , " 1 . 1 

*--_ ... ~ .. __ ... _ ..... ~-~"--------_ ... _ ... ----_ ... -- 1 1 ~L,I~ ~~--*----.. -.. -~- .... _--.. -_ .. ---.. -----I 1 
\ ..... -....................... , * ...... ':"' ...... - ....... - ............. - .... - .... ~ ....... _---....... - 1 1 1 ..... 

........ ~ ..... I1011 ............. __ ........................... _ .. ,.. .... _ ..... _IIIIt .... _ ... __ ......... __ ... J 1 

.-- ... - ..... --~---_ ... ----.. --.. ----~-~--- ... _~ .... -- ..... I 1 , G , *----...... -... ------~~-_I1011~_~-_-_ ...... _ ... ____ ~ ____ ~t-~-- .. -~,1 
....... _..,. ....... _-----_ ............. --1 1 l' , " ......... _ ....... ~ ............. _ .... _ .......... _ ........... _ .............. --_ ............ _w .. -- ....... - ... 1 • , 

, 1 .... _ ... ___ ~ ... __ .. __ ~ ___ ._w ______ ... ___ ...... ___ ~~_~~~ ___ ~~ •• 
, ... __ .... _-----....... -... -----_ .... -.. _--- .... _---_ .. __ ... , , , " 

.-~-----~~--------~--I .-~I+_I .---------... --------_~_I +t 

.-~-------------~----I 1 .---N-~ ___________________ ~ ________ M __________ t 

--.nO~~N.NN_~~OO~N_.MMO~.~~ •• -~~-~G~NNM~~ •• ~~ ... mON~~_~ 
~m.a~~-~o.-~o~m..,ooG~.~IO~~~fII-C-.~I"I~~~~~ •• ~ .... ~O_~--Cfll_N~.O 
"'_IX)II!IZIOO--I\'NMI'l"' •• *UloOoo OO~\O~I/'I'" a- ~O_ON_"''''_ ..... rnltl-cI000<IlN .... ." ..... ,., 0 ........................................... , . ., ....... . 
~-----~NN~NN~N~NfIIN~NNNNNNfIINNNI"II"II"I,.,I"I,.,,.,,.,I"I,.,,.,~,.,",.,~M ........ .,,OO 

I­
l 



.. 
( 

/ 

( .'~' 

298 

,"", . 

TIRCORÉ-B, ,wé continued to' refine the main, Tiryns composi­

tional group. The next outliers to be removed were TIR 11, 

58, and 87, lea~ing 42 samples. Two very loose clusters 

could be removed at this point: TIR 7, 10, 20, and 84; and 

TIR 79, 80, 81, and 82: (I~' Figure 6-xvii, 't)ese clusters • 
foim at amalgamation distances of 4:2 and 4~3 respectively.) 

AlI these samples have, high Ca concentrations, but those in 

the second cluster have high Mn; Eu, Fe, and Sc ones as weIl. 

A number o~ pairs and single samples' then becanie the farthest 
"" 

samp~es: TIR l, TIR 33, TIR 42, TIR 6 and 19 f TIR 39 and 44, 

and TIR 36. There is a gap in the sequence of amalgamation 

,distances after the first three samples of this list 

(,Fig. 6-xviii). The other 5 join the core cluster of TIR 
• 

s'amples saon after it forms, indi~ating that t~ey perhaps 
• 
should remain in that core. Those 31 samples form the 

tentative groupohenceforth called TIRCORE-A (Table 6-VI). 
'1 'r'" ~ 1 

Information concerning the nature of the samples in the 
~I"::' 

two tentatïve groups TIRCORE-A and TIRCORE-B sheds sorne 
. 

light on their si~nificance. Material was sampled from 

three Early Helladic phases at 'Tiryns. TIR 1-20 are sauce-

boats and bowl fragments rrom an EH II deposit, TIR 31-45 , 
are similar sherds from the transitional EH II/III pha~e, 

and TIR 56-62, 75-77, and 79-88 are various sherds from an 

EH III level. The group TIRCORE-A containe 15 sherds from 

the first set and 14 f~m 'the second, but only two, TIR 75 

and 85, from the third. Furthermore, the sherds from the 

, 
, ' ",' 

." ~' 
~ : - -' 

" 

!Il' 

" 

l' . 

l 

î 
J 

~ 



, ' - . " 
-. \'~.:: 1"'" 

" . ... i 
.;. 

", ~ , , J -,." ,,'1# 

~; , .. 'i.-, j 
.;' 2~9 

'" " .. ' . 
'" f' 

" ," 
.. ,' ... 

", .,. , 

" 
,.. 

1> 

î 
l' ., ! 

, '. 1 
'1 , 

~ "-
-" 

" i 'h 

l"~ 
" 

, ' 
\ -. 

" Ô t 
, '. 1 

.t;~ , .. 
! 

1 
ù 

Jo 
l' 

l, . 
,1 

FI:GURE 6-xviii: 'Clu'ster-analysis dendrograÏn for 34 Tiryns: 
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TABLE 6-VI: Tiryns Chemical Reference Groups. and Oùtliers 

,,', 

'l'~RCORE-.f\ (31 samples) 
, 

" , TIROUT (18 ,saInEles) * 
l, 

~- -TIR 2 32, TIR 1 A 

3 34 7; C 

, . ,4 '35 10 C 

5' 36 " 11 
6' 1 37 20, e 

, , 
8 39' 26 \ " 

9 40 

12 41 

33 A. '). 
42 A, 

,-13 ,,43 , 

" À~ - '44"_ 
58 o ' , 

7lJ 
.. 

15, 4S . 76 

, "'~ --' '16 73 79 D 

17 74 , 
~o D 

la 75 81 D 

19 85 82 D 
, 

'31 .' '~3 

, 84 C " ' 

, .. 

'TIRCORE-B (10 s aInE les ) 

TIR 38 

5'6 , ,( 

57 

59 

60 

61 
62<': 

71 
86 

88 ' 
" 

", , ' 

, 

, ' .. ' 

, , . , 

87' 

, " 

, " 
, -

* p ... .: ~ \ 

The' letter A accomp~ntes' samples s1m11~r ta T~RCORE~A; 
the. lettera'c and D ~denti;y other loosely-linked 
clusters 'of samples (see' text).· -" __ 
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first two ,sets are thoroughly mixed in the last dendrogram, 

,indicating that they have the same origin. On the other hand, 

aIl but one (TIR 38) of the ten sJ:1erds of TIRCORE-B 'belong 

to the' EH III phase. It appears that clear chemical di'f­

ferences reflect the chron~logical and typologicàl dif- ' 

fere~ces between the EH III phase and the two preceding ones. 

The nature of the chemical differences could be explored 

with the aid of histograms and discriminant analysis. Cert'ain 

distinct~ons are even evident from the data table itself. For 

instance, the members of TIRCORE-B contain much more calcium 
. 

than othe~ Tiryns samples (averages of 10% vs. 2%). As these 

sner4s have, on the average, a caarser paste than the at~s, 

~ it was suggested that limestone,or calcite tempering of the 

satiis- clay might account for the differences in composition 

(U. Franklin" personal cormnunidation, 1981). A rough cal­

cu1ation suggests that the ~ddition of sufficient temper to 

raise the Ca concentration from a value arounà 2% to one 

axound 10% would lower the concentrations of the other .,-. ~ , 

el'em~n~s by ~l% or SOI '~ssuming that the calcium was âdf~d as 
-' ' 

pure CaC03 but was transformed ta CaO by bakin,g the powdered' 

sample,priar ta anal~sis. Indeed, the 9% d~op in Al cop-
- ' 

centration between th~ earlier and later phases i5 reaSanably 

close ta this va~ùe. I~ 18, in theory, passibl~ that the 
" 

. increases in the concentrations of a few elements (in this 

case ~ and Co) ~ght be ,caused by an impure lime temp~r, 

but the ,liras,tic decrease in Na and Hf concentl;'ations. from 
1 
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sherds of TIRCORE-A to that of TIRCORE-B (roughly from 1.0% 

te 0 •. 4 % and from' 5-6 ppm ta 2. 7 ppm respecti vely) cannot. A 

clay of different composition must have been used for' the 

TIRCORE-B abjects. 

Most of the 20 EH III objects are ïn fact made of 
-

calcareoùsoclay. Differences in conc~ntrations of other 
, , 

elements indicate that several groups are involved, TIRCORE-B' 

being the largest. Which, if any, of these a~e local p~oducts 

nùght become clearer on campari$on with the refereric~ groups ' 
1 

, 
fram other sites (chapter 7) • 

" , 

The only meDtber of TIRCORE-B not belo~ging ta the EH" III 

phase is TIR 38. It is an ordinary-looking r~herd from 

a shallow bowl, but its c~J;lIpo'sition is Slight~unu~ual for 

that chemical group. It has high concentrations of Mn, Ca, 

Mg, and As (the last two ele,ments not used for clustering),' 

bùt low Al and La concent~a~ons. , . 
. Sherds of several very different EH III wares make uJ? 

, , 

the group TIRCORE-B. The samples TIR 56, 57, 59-62,"affd 8.6..., ------
are fragments of flat-based, 'thinly-slipped j ~rs mostly in 

mediUm pastes. TIR 7~~s a horizontal 'sauceboat handle.in 

semifine paste, ând ,TIR 88 is a rim sherd frOll'1'a large 1 flat- . 
< 

rimmed bowl coated with cream 'afid black slips and decoratèd 

,on the lip with lines of black paint~ (For,sauceboats ih 
u 

EH J;II levels at Tiryns, see secti,on 4.2 and Kilian et' al. 

, [1981] • ) The pOlishê? deep bowls also characteristic of 

""' EH III are not part of TI~CORE-B. Fou~ of, them (TIR 79-B2) 

, '- .: ,. ~ .... 
L 

I---~~_-
, ~, , 

f' ~ 1 
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f?rtII a loose cluster, TIR' ~4 i6 part of another loo~'r 

3D3 

çluster, and TIR 83 i6 an e.xtreme, outlier, low in many ele-, 
,<,\ ' . -, 

ments. This chemical diversity i8 surpris1ng consi-i'dering 
'" ' 

tpe uniformity of decorative teG?nique and for~ among the 

deep bowls. Ot;her outliers' among' .the EH III' sherds' include 

TIR 76, a ring base from a fine-paste sauceboat or bowl, 

with a lustrous, polished white slip on the outer surface, 
11> 

reminiscent of'th~ fine slipped-and-polished mottled ware 

'. of EH II. It has high concentrations of ÀI, Ti, and the 
, \ 

, rare earths, but low one,s of Mg and Ca. TIR 58 'resembles 

the other jar bases in appearance, but is rather· unusual in 

composition, with high Cs, V, Sc, Fe, and Co concentrations 

but a low Hf one. The decorated boWl rim TIR 87 also has 

high V, Sc, Fe and, Co'-concentrations, but very low Na and 

Ti ,ones as weIl. , 

, Two sherds from the EH III levei are members of TIRCORE-A. 

TIR 75~is a ring base, from a"sauceQoat or JpwI, ~n a fabric 
~ . 

cOnmPn in t~e earlier phases. Since its thin' bro~ slip is 
- ., 

. worn, it may be an EH II or Transitional,sherd fo'Îlnd out of-

contexte On th~ other nand, the'bowl rim TIR 85 is not 'such 
--'-- - - - - ---- - " . - - - - - ~ 

·a common EH II or III forro; if''\',flnything 1. the shape is rem.,... 
- '\ " ' , . 

'ini~eEmt of EH l forms. The pas-t:y an~ s~ip,' hO,wever, :a::e 

similar to those of the other EH III sherds. 

The group TIRCORE-A, witp, very .low concentrations of 
, , , . 

:calei.am, i8 c'ertaïnly the ~in. co~posi tional group for Tiryns 

table ware tluring the EH II and Trariâitional phases. 

~, " ", 

" 

. . 
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, 
no direct evidence such as clay or mud-brick analyses is'yet 

availa.IJle ta tink it conclusivel~ ta production at Tiryns, 

the predominance of this chemical group a~ong the TIR samples 
" 

, '. 
make an ori9in n~~r to Tiryns very likely. 

z::
nce within the cluster TIRCORE-A the EH II and Tran­

si anal sherds are mixed, it was felt that anY ~ttempt to 

d stinguish them ehamically would be unsuccessful. As a" 

check on this hypothesis, and as a test of the discriminant-

analysis program, the analytical data for the 15 EH II and 14 

Transitional sherds of TIRCORE-A wefe submi tted to BMDP7M. ~ 

Using' only La as a discriminating element, the program 

produced a pair of overlapping histograms for the groups 

supplied, and disc7iminant functions which were not very 

effective • (When 'only 2 groups are supplied, BMDPIM prints 

. , histograms 'rather tha~ al scatt~r, plot.) W;i. th the program 

constrained- by the '''Force'' qptiGn to use all the variables, 

.; " . , . . -, 

,however 1 the' samples from the, two groups did not ovez:lap at. 
l , <,'" 
aIl. Although their histograms were adja~ent, EH II samples 

, had positive"values of the' qan,qnical variable whereas Tran­

sitional ones scored negatively. In geometrical terms, 

+ 

thi~ means that in 19-dimensional Space, the hyperplane 

, defin~d by the coefficients for the canonical variable splits 

the sample pOints into the two cnronological grou~~. 

It appears that here the eff,ect of having too few 

'sàmpies in~relation'to the n~er èf elements is beingifelt. 

Th~_ùPivariate F-statistic is:signific'ant at the O.Ollevel 
", ., ..... , ... 

, , 
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", 
ortl.y'· for La;' 'wi th all e1ements indluded the groups are not 

1 

signific~ritly different ~ven at the 0.05 leve+ (approximate 

~-sta~istic of 1.68 against a critical value of 2.9 for 19 
\ 

and 9 degree's of freedom). The small difference in La 

concentrations may be 1\\Ost simply interpreted as a slight 

'change in the place (location or depth) where clay was ex-
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1 

tracted, or a slight change in the procedure of preparing~ 

clay to make pottery, paralleling the results obtained by 

Attas et al. (1982) for Lakoni~n pottery of more recent date. 

,An'Ong the sh,érds from the EH .II ,and Transitional phas~s 

which do not belong to TIRCqRE-A are, several, or.dinary and a ' 

few unusua~ abjects. The sâuceboat sherds, TIR l, 7,,. 10, and 

4'2, and th~ ~Qwl rims '.r!R 11.,20, and 33 do not' show.àny 

obvious anomalies of forro, surfac~ treatm~nt, ,or .paste, but 

their _composj.ti9~~ each_ha'\iELsome pecul,iari ty. HigJl Ca --, 

COI'lce~trations exclude' TIR 7, 10, and 20 'froID the 'l'IRCORE-A 
/ 

group, w~ile TIR '1 has high Mn and Eu but ,low, K and C,S ' 
, 

concentrations, and TIR 11,has high' Ti" La, Ce, Th, Hf,: ~d: ' 

.particularly Cr concentrat-i'ons. TIR 33 has a v~ry high ~ 

value but a low Na one, and TIR 42 has low concentrat~ons of:, .­

many e1ements, the- most extreme being Co. ,TIR 26 is a 
• 

slipped-and-polished sherd, from a ;:inE7~paste sauce?,oati a 
, c 1~~, ....,..!'----___ ' ~. ___ --I,;l~:u&I~ type--G-ften fGun~' to Q..ave an unustlal compo~i tran, in 

this -case 'involving hi..gh conoentrations of Al, Mg, V" and V .' 
Sc (see section 8.3.1). The composition of ~J:R 70 is q.uit~" 

" 
bizarre, with hlgh concentrations of Cs; Mg, Ca, Co, As, and 

, J .... .. ., . 

, \ 
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, 1 

particularly Cr. An ,oriçrip far from Tiryns, iB in keeping 

with its form, a pyxis of Cycladic type. 

Finally, the tWQ Transi tional. sherds TIR 7'3 and 74' come 
, ' 

from, "ouzo cups", simple cylindrical vessels charac~~ristic: 

of, the' EH III phase at the.' nearby site of Lerna~ 'Both àre 

'bona fide members' of TIRCORE-A, indicating that' this ref­

e.l:ence group is not l~mi ted to 'sauceboats and"bowls eveIT 

th~ugh the sampling ,strate-gy was biased in that dj,rec,tion. , 

. ' , 
, ' 

The analyses presented in the wri ter '~ M,. Sc". thesis 

,(Attas 1975) ,form a str~ng basis for Lake Vouliagméni' 

reference'groups. Elemental "means and standard deviations 

for the local comp~~ition'pattern, calculated froma 40-' 

samp~e group, have 'been pub~ished as well (Attas et al .. 1977). 

'l'his group (Table. 6-VII) suitably represe~ts -th~ - ~ange" of:' - ~ -, . 

composition characteristi~ of ~ake v~~liagm~ni pottery. 

Although i t mal' actually consist of two or three subgroups , , 

l ' 

(Attas 1975, p. 81), these internal variations do not affe,ct 

the attribution te Lake vouliagméni of samples found' at, other 

sit~s, since the Voulia~ni composit~oQ is quite distinctive. 

within the Argoli,s and KoriJ?,thia (Attas 1980, p. 93; this 

work, Table .7-II). 
1 

A.few mud-brick and clay samples from Lake Vouiiagméni 

had been ~a1yzed by·GANPS in 1978 in order to answer sorne.. 

question!? specifie to the mud bricks (Cohen"1979) and as ' 
,', 
" ~ 

" 

1 • _. 'i'. 
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'l'ABLE 6-VI1: Lake vou1ia'gménf. Olemlca1 Re-ference Groups and 

Outliers 
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VOYCORE-L (40 samE1es) VOU-F ,( 45 sam121es) , ·VOU-R (12 samE1es) 

vou 010 302 VÇ>U +06 VOU 155 , 
011 402 301 1:56 , 
012 403 30'4 151 ~. 

013 404 418 15~, 

0.14 406 421 159· 

101 407 501-514 411 

102 408 516-526 602 

105 409 603 604 

107 410 605 608 

108 413 606 611 

112 414 60'7 612 

113 41!1 "" 609 623 

114 416, . 610 
,1.15 417' 614-622 

151 419 ~ 
---. ----~-~' -- ~- ,---l-5-3~ . 420 ' 

~ -'~-~---

VOUOUT, (14 samples), 

(), 

':,) ,', 

r 
.. ' / . 

{ .' 
,,' " 

- L. __ ~ 
, ' 

\ 
- , 

J ,/ , 

201 422, 

202 613 

203 

204 

205 
, 206 

';1, JJ 

, , 

, , , 

\ , 
\ , 

, 

--- 015 
----;--~ 

-~ 

016 --~ , '1 

4 
, ,1 103 

" ' :104 

111 

116 

152 

154 

160 

303 
b 

401 

405 . 
412 

601 
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t' 1 \ , ' 
1 
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-
,a check on'intèr-laborat~ry consistency. Overall, they 

l ' . , 
matched the local Vouliagmeni group ext~emely weIl (At~as 

" l}." • 

'1980 t p,. 9lj ~ but they contribute Little to the "'Vouliagm~ni 

reference group, 'already quite sound. Techni~al problems' 

with sorne of the GANOS data wer~ further encourag~ent' not. 
, . 

to includeot4e~' in the, main reference group. ~hey ~ever- ~ 

'theless give an indication. of typical' concentrations for 

the elements 'Na,' Kr' and Mn, not me~sur~d tn the earlier 

MCGil1"~work':" '1he Voùlia~ni ~lay, ha,s "been analy2ed in 

seyer~l laboràtori~s (see Table5~XII), so that more comple~e. 

data are availab'l..è for that single sample, if required:' The' 

rest of the vouliagmé'ni samples have been included indi vidually 

in the inter-site computer work (chapter 7) in order te .de-, , 

which referenc~ group èach resembles ll10st 'closely'. 

,~ large number of tuese (VOU-F in Table 6-VII) had been at-~ 
tributed to the"~~rth-~a~t p~lopon~ese (Corinth/Mycenae area~' 

termine 

l, 

by their style and by cemparison with ether laboratories' 

data. Di reét comparisons are now possible", A further, 
, 

smaller cluster, VOU-R in' Table 6-VII, was not assi~ed 

an origin in ,the earlier work.' 

.' . 
6 .. 3. 7' ·Leina 

1 

, - -
, -' ,'1!wo composi tiçnal reference groups, for Lerna had b,een 

estab1is'hed at GANOS (Attas et al. 1979;- Attas 1980,'p. 69). . , 

The computer.program GROUP had been used to isolate a major · , . 
group, LE~A-A, with 20 samples, and a minor 'grouPi LE~A-B, 

, , 

,. 

,-----------. , - -

, ' . .~ '. -
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wi1:h SI both witb a' fe,w "_assàciated" samples. The va;Lidity 

of this arrangement can be t~sted by for-mdng reference groups 

from the Lerna data in the sarne manner as for the ether ~ites. 

Four· more samples' fro.m Lerna were analyzed, at MaGill in: 1979 
.. 

, (~ER 8! 9 ~ ,10, an~ 40); these, have beeh inc;luded ~n the 

calculations. 
.. 

All' the Co values have, 'been affe_ot~d by c~ntamination' 

f·rom the drill bit. Although the absolut'e meé\surements' 6~ " 
, 

'W by.'GANOS for this set of 'samples were errati:q,' the' v~lues 1 

.1\........ , "" \ _ _, . 1 , l , ~ 

. cm_p.' to each irradiation -ate. consistent.- Within each ir~ 
\ '. l' 

~ 

, .' 'radiation,_ thé Co and W co~èe~t~ations of ·chemically .... 

1 -

1 • 

, , 

_ s'imilar 'samples' from the same archaeological group .were 

compared, and a correction factor determined by taking the 

, ratio of' their ·differences.' (see section 5; 2."~. 5) . The cor.." J' 

,rected Co concentrations, although not as accurate as those 

from McGill, were still useful fO,r 'f~rming reference groups. 

LU- ~nd As were e~cluded, however, the first, because 'of inter­

ferences and the second because it varies unpredictably, as 
1 t':. , _ , 

.demonsurated in section 5 ~ 3." The Th con<::entratiQns appear 

to be int;ernally consistent,', and so should~ be"suitable for 
L , " " , 

Q group formation., but '.it is not ~lear, whether' b.r net a 

syst~tic overestimati?n exists for the Lema samples (see 

section'· 5.4) . Th concentrations were there#ore net used for 
" 

-- the ihter-gioup compariso~s in chapter: 7. 

Even though a different method of group formation 
" .! ' < - f' < 

(cluster analysis) was used a~ McGill,twith fewer elements 
" -

. ' 

l'''' " 

, " . 
t, 
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ta1ç.e~ into consideration, 'the"résulting reference .groups 
,,-/r " 

are,'all1lost identical to tho,se already presented (Attas 1980). 

Afte,r successive' removals of outliers, a ~endrograril was 

produced (Fig. 6-xix) which has a large'jump in the amal­

gamation di~tance from 2.9 to 3.3. At that point there is 
, \ "--~',;"_",, r' 
only one~large aluster, containing 16 sample~. If the 

e'lement Ca is excluded from the clÎl:~ter analysis, severa! 

more sample's, whose Ca concentration had not been measured, 

can take pa;t., A similar dendrogram' (not shown) nevertheless 

,resulted, with a disconti~uity in the amalgamation distance. 
1 

from 2.8 toc 3.2. In thia case the ~arge c;luster include!i 3 
. " ' 

add~tional samples. This 19-:-s,ample reference group will 

henceforth be called tERCORE. It contains pottery from both 

·the EH II and EH III phases ,,~t Lema. 
1 

o A smaller group at McGill has almost the sarne set of 

:members as the one de$cribed previ'ously (Attas' 1980>. Bath-
1 

are split into halves on the basia of Sc' and Fe: concentratJons.' 
! ' ' 

':~ 'l'he hal ves are here referred to as LEROUT-Bl and LEROUT-B2 

(aee Table 6-VIIJ). Actually 1 the first of t'hese can be ~ 

linked to +ocal,?roductio~, through the presence of the mud 

\ brick -LER 6. A further pair, LER 51 and 52, are loosely 

, related to LEROUT-B2 but probably do not share the same origin. 

They a,re denoted LEROUT-B3. 

, A triplet of samples from the Middle Neolithic period 

. foons ,a cluster of ~known provenance, called L.E;ROUT-C in 

Table 6-VIII.' 
fi 

,. 
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1 .• 942 
2.0 15 
2.08'5 
2.096 , 
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2.427 
2.49,8 
2.551 
2.627 
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2.~09 
2.932 
2.968 
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4.052 
4.240 
,4.326 
4.538 

.4.759 

. 

-

. 

" 

, 

1 , 
L L L ( L 1.. L 1:.. 1. L L, L L -L 1. L \.. ,L L' L l. L.L L 1. L. L 

:.E_ E' e: E e e Ec'E E e· E E E JE e E E e; E E E E E E E E E 

."~ R·R ~ R ~,R R R R ~ R R R R R R R R R ~ R 'R R R 'R R 
, .' ' 

3' ,1 4- 1 1 ~ 4- .4 L, l- l '4- 2 2 2 " 2 :3 .,. 1 1 4 2 
3 8 0' 2 9 5,' 3' 4 2 '3 4 ~'9 1 0 7 "9 7 7 8 5 5 7 1 a ,1 4 

. , ~ 

..... • * *,',. ,. .. ,. 
* .. * 

,. 
* * * * * * -

[ 1 1 t J ,r 1 1 1 1 1 --+- 1 ,1 1 1 1 1 
1 1 1 l ,'1 -+- 1 r- I 1 ~ [ l- l 1 1 1 
1 1 l, l' l' 1 -+- 1 1 1 1 1 1 t J [ 

r ' r r 1 --f- I [ t r 1 1 1 1 1 1 
,1 "'[ 1,1 • [ ( 1· 1 1 l' 1 1 [ t -+-
,1 1 [ 1 1 1 1 1 -+-- 1 ,[ l l 
1 1 1 ---+- 1 1 1 1 1 1 1 1 
[' r 1 1 . 1 1 1 1 1 1 --:-+-
1 1 [ 1 t 1 1 -+---- 1 1 
1 1 1 1 1 1 1 1 ---+-
[ 1 1 -+-_.- 1 1 1 1 
1 1 1 -+------ 1 1 r 
1 1 1 1 1 1 t 
1 1 [ -+-~---- 1 1 
r 1 [ 1 , ' ---.-+,..---
1 1 1 

. ------- -+--------
[ r [ 1 
1 1 1 [ 

1 -+- [ 

1 ----------------+--
1 1 
1 1 

~ 1 

-~----------------+-1 

* 
,. 

* * • • .. * 1 1 1 1 1 1 1 1 
1 l 1 1 1 1 1 1 
J 1 1 1 1 1 [ 1 
1 1 1 1 1 ( 1 1 
1 1 1 1 [ 1 [ 1 
.1 1 1 1 1 1 1 1 
1 J 1 1 1 1 1 1 
1 1 1 1 J 1 1 1 
1 1 1 1 1 1 1 1 
1 1 1 1/1' 1 1 [ 

1 1 1 .r 1 1 1 1 
1 1 1 1 1 1 1 [ 

1 1 1 1 t 1 -+-
1 Jl' 1 1 1 [ , 1 
1 1 1 1 1 1 [ 

1 1 1 1 t 1 1 
1 1 1 I- I -~ 
1 -+- t 1 1 
1 1 1 1 [ 
[ 1 l' 1 t 
1 1 1 ....... -+..-
1 1 --+-
[ ----+_:.. 
1 1 
--~--+- \ 

------,--+---... _-----_ .. _---

" t. 

. ~'" 
.:. 

~ 

'.; 

, .{ -, 

" " ~ 

, , 

" < 

1 

l' , 

: ' 
1 

! 

, 
, , 

i' 
1 

l ' 



" 

'. 

" 
'--

, ' 

'" 

\" 

) ... f, 

O· 

• 1, 

,', 

~ ~, 

p 

" " 
Q" 

, " 

'TABLE 6-VIII: 

LER 7 

-12 

13 

14 

-15 

18 

19 

20 

27 ------." 

29 

31-

41 
- , 

42 

43 
44

1 

\ 41 

49 

55 
1 

,56 
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LerIÎà Chemical Reference Group 'and' Out1iers 
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.?.. INTE:R,-SITE 'COMPARXSONS 

7.i Aima and me.thods ' 

In thi's 'c,hapte'r many of the 'sél?lllples 'not included, j.n the 

referenc~ groups, for the eight sites under s~udy a~e assigned 

to such reference gr?u~s. ~hese assi~ments proceed on the 

basis of similarities in chernical composition between the 

single samples and the, groups.' An important prerequi~it'e ço 

" valid a'ssignments is' that the groups themselves be distin- , 
1 ,-, . 

guishable: Overlapping e~emental distributiuns may be minor 

annoyances or 'insurmountable proplerns, depending on their 

se~erity. Sect~on 7.2 is devo~ed ta t~sting differertces in 

group compositions and rearranging the r~ference groups; 

while attributions of samp~es aré made in section' 7.3. 

The group~ were modified in several stages. Mihor 

ctl~nges were made to start ,with', but it saon became, apparen~ 

,that the modifications entailed a èhange 9f approach. As 

. , 'shqwn later (s~ction 7. 2.,l), it. coul,d no longer be main-

.. 

" . 

tained that each 'cOre group represented' the ou~put'of a 

single production c,entre or 'even ,o,f a single' site. .Refe,r­

ence ,groups ·èach compose'd 'of similar samples from sev.eral .. 

sit~s were. c~eated 'l?y cl1,lster analysis ôf t~e' sample's in: the' 
~ . , , .'. 

core groups.' These were suffici~ntly distInct that ma,ny 
) 

samples could b~ attributed tÇ) each of them uhambiguèusly •. 

At'~he same timè, rnost of the groups cQuld'be attribut~d' ta 
, Il '.- ' ,j ~ 

sites or ,a~e~~ al~O una.rnl?iguausly" The' steps leading to" this ' ,,' , 
~ ~ , • > '-

.' 
p' 

'. 1 

"., 'Ç., 

, , .. " -. . 
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, refo'mulation are de~cribed in this ,chapter because the:y 
.. 

demonstrate the need-~or t~eating the samples from all the 

si tes togeth~r. \ It may be that in studies of p<;>btery , " 

) exchange' ,in other ~r~as the si;;gle:"site approàch, a~:yocated 
by Wi 1 s,on. (1978, p .. 230) would be more successful. In this 

study H:' was primarïly useful in eliminating outliers and 

limiting the n~er of samples to be included in the' multi~ 

site analyses. 

The procedures which were used ta examine results from 

each site individually are p.lso ,applicablè to the inter~site." 
-, 

'" " p~ase of data anaIy~is. Univariat~ techniques, involyinq, 
, . 

examinati~n of histograms as weIl ~s com~arisons of ,meart~ 

"and: st~dard deviations i gi v~ 'g~od ~-riifnary in'f<?rIqation on 
. ---, \, 

résemblan~es' and dii'ferences among groups ~ Discriminant 

analysis is'designed specifically to pïck out the signif­

.icànt d~fferences between ~roups and ~o exploit thèm fully 

in representing the disbribution of sample concentrations 'in 

two· dimensi.ons. , ., Wi th the .. force n opt;ion. i:q. effect to 
"-

'ensure the consideration of all elements in i..ts calculations 
J , 

'. 

(section 6.2.5), this program is aiso we~l-suite~ ta as ... 
. , . . 

signing,sinçle samples to the group which they:most ,cIosely, 

resemble. It is therefore'the main mathematical tool uaed' 

in this chapter. Cluster analysis aiso finds a plac~ in . 
" $ 

this chapter as a .means of foxnring new groups based ~ly '.C?n 

,chemical si..milari ty betw~.~~ .sampJ.es. 
'~J' 

\ " , ; 

, " 

,.., \. . ~~ ,.. \ 
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7,.2 Revised reference groups 

, 7 • ~ .11 Gr~up separations . ' ( 

The ~et of ref~renc;:e g,roups .'WhiCh 'were compa/d included 

.. ; 'the iollowing: one èach from Àsin'~,o K~r~dhâk+, ro~aJcou, 
• , 'f 

Ler~~, Ph1ious~ a~d ~ygouriés; two from Tiryns? "nd two from 

voulia~~ni. (The third Vouliagm~i group, ,F, ~ mixture .of 

sherds of d·ifferent dates, ,was 1ater attributeJ on.,a 'sample­

by-samp1e basis ta sorne of tbe sites in the' region under 

,study .) The 19 sets (one for each e1ement) of sid~-by-side 

'histograms (not shown) for,these 10 groups revea1ed that some 

Igro~ps 'had very different compositions but others were dif­

ficult ta distinguish. ' Sorne elements varied more consistent1y 

than others between grdups. In arder to summariz~ these 

'trends, a table was drawn up of aIl possible pairs of ref­

erence:groups (Table 7-11). The e1ementa1 means and standard 

deviations for these groups can be tound in Tablè 7-1. 'For \ 

each pair of .groups, the Set of elements whose one-standard­

deviation ranges (67% confidence intervals) do ~ overlap 

is listed ,at the inters~ction of the row and column of the 

table correspondin~ to the two groups. If an element appea~s 

there, .. a~signm~nt of a sample to one'of the two groups on 
~ , 

the basis of that element' s co~c;:entràtion would be correct ",art. 

Ieast 83% of the time~ If several elements are Iisted, the , 

.. discrimination between the groups ~is much improved. 

It,wi~l be immediate1y evident that seve+al groups have 

at Ieast two or three elements Iisted in th~ir compa::-isq~s 
~, 
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. -TAB·LE -7-1: 
9 

. - " , -
~ 

.' . 
", . -GROap., 

.. 
.' 

,AS l CORE 

, .. 
, . 
/ 

'1 

~ 

:.c~ t 

/ 
.,,( 

Concentrations" for ~ ~~'\.. Means and Standard Deviations of the E1ementa1 

the 10 Reference Groups 
" ". 

r. 
(> 

f 

Number \()~ 
sampl~s Al (%) Mg C%) ~ Ca (%) .·V (pprn) --

26 .. 7·~ 6 :t 0.8 .. 2.5 ±0.3 .. 5.6±3.8 .. 122 ± 19 . 

" . 

:: .... i '. w.
'" ;'" 
, - f.. \ " ~RCORE 

"~. ;fuèoRE 

37 8.0±0.7 2.010.3 11.1J ± 3.4 137. ± 25. ., 
... -', ,r .. 

,,:;- " 
22 

........ t ~ 

...... , , :', .... " .. ~ 
'" ~~ .'~ 

LERCORE 19 

" .. , "\ 

:1 ... PHLCORE 8 . 
t,.\:11 • '" 

"" 'l'IRCORE-A 31 
" . \ 
TI RCORE-B 10 

" 
VOUCORE-L - 40 

, VOU-R 12 
. ' .. ' 

'ZYGCoRÈ .20 

'-
" 

-~ 

--, 

--, 
'1' . ;,' 

\ 
, , . 

.. ......a ..... I""'!;.., ..... +"'_~"'_.,. ~~.-

:-'\ 

. 7.,8 10.5 2.210.3 

- .. 
* 7.6 ±O.3' "-" ' 1. 6 ± 0,.1 * 

8.2 ± 0 :-3 2.3±0.3 

7.5±0.3 2.7±O.2 

..t" ._ 

f 

*·7.7±0.,6 * 1.9±0.3 

Il ~ ; 

l' .. -;" 

.~ 

~ 

1'1. 1 ± 2.0 

,/ 

8.512.8" 

-B.8±1.4 

2.0±1.3 

10.0 ± 2.2 

13.0±4.4 

3.5±1.8 

'11.5 ± 1.6 

130 ± 15 

* 117 ± 7 

129 ±, 7 

1~6 ±. 8 
'-' 

' .. 128 ± 17 

II r 
1 

'1 
1 

. 

,-

' " 

w 
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0\ 

~ 

~ -.~~-
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TABLE 7~I - continuéd . . 

GROUP' , 

, ASICORE 

K'ERCORE 

KRKCORE, 

LERCORE' 

PBLCO~ 

'~IRÇORE-~' 

• TI}lCORE-~ 

VOUCORE-L' ' 

',- VôU-R 

-,'ZYGCORE 

'~ 

J. 

-:' 

: 'l'i (,) 

* 0.48 ± 0.,06 
'~ 
0.46 ± 0.04 

0.45±0.03 

* 9.46fO.04 

. .. 

Mn (fpm) 

837 ± 151 

1120 ± 162 

:' 961 ± 124 
·1 

9,61 ±'1'64 
. 

1074 ± 431 

O. 49 ~± 0.04 7'26 ± 80 

O'.43'±0.02, l~04±2Q5, 

..... , . 
* Q,.,4.6'±O .. 03-

• " ! 1 

,< 

-' 
86~' ± 198, 

1), 

Na (%), 
<iJ-' 

0.87 ± 0\ 22 

O. 73 :t,O~3~ 

O.79±0.41 

0.62 ± 0.2~ 

0.56 ± O.ll 

1. 0'6 ± 0:.12 

Q.39-± 0.07-

":" 

- ! 

'u 

0.56 ± 0.15 

'" 

~ \ - ~ ~..." 

'K (%) 

2.3±0.5 

2.0 ± 0'.7 , .' . 

,2.2 ± 0,.8 

, ' 

2 .• 5±0.2 
-
2'.0 ,± 0 .. 2 

2.8±0.3 

2.7±0 .• 2 

. , 

2.6 ± 0.3 

./ 
o , 

,La (fE!!) 
, 

31.9±4.5-

33.0 ±llJ •. 6 
Il 

35,. 8 ± '2. ,2 

-
"3~:7t1.9 

, 32. 9 ~ 1.2 
l , 

j~. 6/~ 3. à 
-30. ~ ± 1.7 

22.'2 ±' 2. l 

22.9.±'3.4 

32.7' ± 2.3 

'. 

, .. 

~ 

1 l ' 

w: 
. .... 
..,j 

..... t ~ ',,,, _ ~ 

.' 
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'1ABLE 7-1 

GRQUP 

ASJ:CORE 

KERCORE 

KRKCORE 

'LERCOaE 

" 
PHLCORE, 

. TIRqORE-A 

TIRCORE-B 

VOUCORE.,.L' 

vou-a, . 

\ 
ZYGCORE 

continued 

Yb ,(ppm) " 

2:7±0.5· 

.2.5 ± 0.3 . 

2.5 :t;, 0.3 

2.7±0.4 

2.9±0.6 

2.5 ± 0: 4 

1. 8 t,P. ~ 

,2.3±0:3 

3 .• 2±0.5 

~.7±O.5 

" 

'~~~~~~~~~~~~~~~~ .. ~~~~~~~~~~~~~~~~~~ .. ~ .. ~~~~~.::~~~~.,~4'>P~~'>'~'::'A~~k6èhM~. 4# J, ct: 'Mspp;n! "d il! ! e"'W,!,44AAA .. ' l,At NWW;\4Q3 _ ....,~ 

" 

." ,p-

(.) 

Rb (pprn) Cs (pprn) 'Sc (pprn) Ce {EE!!Q. 

.lt 121 ± 26 
5.4 ± 2.1 . (120 ± 30) '18.9 ± 2.2' .,71±14 

107 ± 46 10.6±3.2 21.4'±2.1 78 ±'11 

107~ 41 . ,Il. 3 ;t 4.2 ' 21. 7'± 1.7 . 
;-

, - 74 ± 7 
~ ~ 

(146 ± 42) 9.2±2.1 20.5' ± 1. 3, 73 ±' 5' " 

(122 t 3l)' 9.4±~.2 20.7 tl.5 . 71 ± '2 

" . 
.121 ± ·26 6.3 ± 0.9 20'.3 ± 'q • .6 7·7 ± 7. 

.. .è 

. , 
ll8't lB 6.7 ±:1 .. 0 22.0't 0.8. -,64 ± 4. 

" , ,. 

74 ± 25 6.4±1.9 '17. ~ * '3 ~,2- ' , ·42 d: 6 
. 

82 l:.23 4.1 ± 1.1 ' " -20;7 ± 2. -4 51 ± 7 

(18.8'± 9.4) 
. * 141 ±.lS 10.9 ± 1. 7 20.8 ± 1. 9' . *. 73 ± 6 

(..J, 
..... 

,... Q) 

..... ~,>: -~,~~ 
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TABLE 7-I - continued .' 

( -

GROUP 

. AsICQ,RE: 
" , 

KERCORE 

KRKCORE 

LERCORE 

PHLCORE 

TIRCORE-A 

TIRCORE-B 

'" 
VQUCORE-L 

VOU-R 

ZYGCORE 

"'Eu (pprn) 

1.14 ±0~15 

:1.23 ± 0.10 

1.14 '± 0.18 

1.37 ± 0.18-, 

1.24 ± 0.12 

1.10±O'.li 

L20±0.14 

LOI±O.13 

1.21 ± 0 .. 15-

1. 2·2, :1;.0.10 

* 

Th. (pprn) , 
, 

8,6'± 1.1 

8 .• 1 ± 1.1 

8.6±0.8 

(10'.9±0.9) 

8 .• 2' ± 0.4 
(9.9±2.0) 

'9 ... 6 ± Q.9 

7.5 ±U.5 

7.2±I.l 

7.9·±1.5 

B.7±!.3 

* . 

' ___ ~~-~,-- __ "' __ p .... ' .... ""'-_--...-... ..".~~. '" œ~, : ,::po;:;""",~ ....,.~':.;.:l>~.~.".-r--... - ~,..,. --~-_''':''''7';~-<n: i·,·r~.:'...,.-:'~ 

~ 
... '1lr""l"" 

II> 

,. 
,t 

1 
1 

l ' 
1 ;' 

• 1 

1 

Hf (.eE!!!l. ,- Cr '(l2l2rn) Fe (%) Co (EErn) 

4.9±0.9 3'71\'± 141 4.8±0.4 27 ± 4 

3 ~ 8 ± 0.5. 267 ± 61· s.3-±O.S .32 ± 6 

3.6 ± 0'.6 i671 ± 31' 5.3±0.4 30 ± 2 
" 

4.4±0.8 295i" 77 4.9 ± 0.4 30:!: 5 
.·l 

4.4±O~3 '237Î ± 14 5-.2±O.3 2~ '± 4 -. , 

1 

34'9 ± ~io 
0 

5.6 ± 0.8 s.1±O.2' 23 ± 3 . 
, 

2.7±0.4 382 ± 16; 5.6±0.3 37 '±'4 
1 

282' ~~6 \ 

3.,2 ± 0 ~ 6 4.3 ±().7 (29 ± 7)" ' 

4.9 ± 0.6 140 ±54 . 
l , 

4.5±0.4: ,(22 ± S') - . ' 

3.6 ± 0.6 2.30 ± 20 5.0tO.5 27 ± 3 

-. 
Based on fewer than the total,numb~r-of samples~ 16 for ASI; 4 for PHLi 15 for ~~G; , <­, , i6 for 'L~. . 

.< ) .resu1ts may be'unre1~abl~. 
~ 
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ASI· 

IŒR 

KRK 

lU 

Ptll . 

TIR-A 

ntt-B 

vOlI-:l 

VOU-R , 

ZY6 

<r" 'L' '.,,' .\' , , . , 
, , 

.. ,.,...iJ .... ,..;; ........ ""', ... '''' .... _ ~ -~ 

ASI 

Ci'-

~. 

KER KRK LER PHL.' TlR-A TIR-B YOU-l VOU-R lYG 

Na, Yb, Sc 1 La, Ce, Hf ~,La," Ce, Cr 1 M9, Ca, cs'\,' l~ 
" 

Hf, Fe, -co '. 

~ 
, Ca, Mn, C. 1 H9, YJ:I., H( 1 La, Ce 

-

I~ Ca. La. Cs 

Hf, CO ' cè. Cr 

Ca, Mn, Hf 1 Mg, La, Yb ~ La, ce I! t'l.'J , è;-:-
j'ca. La, ~II 1 ...... 

Co Cr, Co Ce,Hf,Cr (D 
(D m 11 
(D ;:s 
::s rt 

L2SJ 
Na, La 

Th, ÇO, Hf 1 La, o., But C" La, Ca 1· 
1: 

fi) 

C Fe Ce,Cr -
fi) 

, ~ Q, (D 
0 HI 
~ ~ 

Je, La K, Yb, Ce La, Cei Hf l La, ClI, Ce Je rn ..... 
Hf Hf, Cr, Co Cr, Fe ~. 

1:' 

tl 
~ 

Ca, La, Ce 1 La, Cs; Ce Ca, Na, C. 

'!'h, Hf Cr, Fe Hf 

Ca, La, C. Mg, Yb, C. 1 1 ..... ,"" 

Cr, Co 

At' ·the intersection of each t'ow and column 
1 X 1 La, Ce, Th 1" -j. ~ are listed the.elements whose Qne-standard- Cr, Fe '. 

deviation ranges of concentration do not 
overlap for,that pair of groups. 

" 1/, "d '1 
" " 

W 
r.J P: 

K :::i 
J 

" ... -." . "'- .. " - ... ,( .. _'., - __ :. • .... - 1 ~~_ 
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with aIl the oth~rs. Th~se gtoups are TIRCORE-B, VOPCORE-L, 

and VOU-Re Aspects of ~heir composit~on patterns are 

~ufficiently extreme that samples can be attributed to (or 

excluded from) each of them relatively un~igu~usly. 'In 

contrast, severa! of the other groups are sa similar tha't no 

elements occupy the correspondi~g positions in the chart. 
1 

'AS:;CORE, KERCORE.' KRKCORE, LERCORE, PHLCORE, and ZYGCORE 

fall into this category. TIRCORE-A is an intermediate.case, 

yery similar only to ASICORE. 

This table shows several differences from the correspond­

ing"one (Attas 1980, p. 93) constructed on the basis of ten, 

or fèwer GANOS analyses from each site except Lernà (more , ' 

data) and Tiryns (no data). In the earlier table, no box 

was' empty. " There are several' .explanations for this' t sorne of 

which indicate that-the more recent version is the more 
, , 

accurate. Fi~st of aIl, sorne sites were represented by as 

fe~ as 5 (ZYG) or 3' (KRK) samples. Furthe~ore, the ,sàm~les 
, . 

consti tutin'g the McGill groups include sherds o'f Many forma 

and pastes, and sa would ~e expected to show broader ele~ 
" " 

mèntal disfributions than the GANOS 'analyses, whiéh were' 

-restr;i.cted to semifine sauceboat and bow1 s,herds. Most 

impo~tant, the samples from each site had~been analyzed by . 
, ' GABOS as a set Î each set with i ts own standardÎ' thereby 

~n,imizing variations wi thin that s7t bùt no,t 'control1ing 

ones which may have existed from set to set.· This is par-' 
" ' , A 

",tiçul~;-ly serious for elements 'such éCs Th, Whose determi-

\ 
, , 

, . 
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nation at GANOS appears to have involved dccasiorüil diffi-,-
, , 

" 

culties (see section 5.4). Finally', the elements 'AS and Co, 
" . 

occasiona~ly appearing in the earlier cha~t, may .have been 

unreliable discriminators on chemical and téchnic~l grounds ~, 
respectively (see sectioh 5.3) . 

Clear~Yi multi~ariat.e method's are required to dü:;tinguish -. 

these reference groups, or at least to determine to wllàt', 

extent they can be distinguish,ed. The ei9'ht elements La', Yb, 

Cs, Sc, Eu,' Hf, C(' ,and- Fe are common to the analyses- of the 

samples in aIl 10 core group$_ A,stepwise disqriminant 

analysis used aIl eight e~ements but wa~ only 65% sùccessful 

in diàtingu~shin9 the 10 groups; that is, 65% of the samples , ' 
• 

were correctly assigned_ to their proper groups. Thé scatter 

, 0 , ' plo~ (not shown ~ere) is not a very use~ul means of dis-,' 

, , 

\ ' 

playing the separation of such a J.arge number of groups. The 

three groups TIRCORE-B, VOUCORE-L, and VOU-R however~ are 

quite dis~inct, ~s eXpected, sa they ma~ bé' set aside for the 

"mom.e~t.. Ânalytical -data. fdr the 7 remaining groups have the 

elements Na, K, Mn, and co' in COlllltlon, 1'n addition te the 
~ 

,1 ,eig:ht -lIlentioned above.' Using these extra elements and the '!fi' 

,"f9rce" 'opt.fo~, the program -SMDP7M was 'more successful at, 

distinguishi'ng the groupsi the proportion of correct as-

- ~ignments rose-to -78%. TIRCOlŒ-A and ZYGCORE weré' the best .... , , 

, -' 

samples attributed correctly, though Il 'o~ t:.he', 30' ~~p1:es 
,., .. 

assigned to -,zygour'i's came,from' othe:r':~ore 9~;U~6. "In,-
, - , 

, l 

,", 

.. ~ ., .... . 

·r 
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) 
cont!ast; 'an F-test performed by the program indicated that· 

, . 
the KER and PHL core groups werè the ~st similar, their' 

multivariate means bëing significantly different at the 0.05 
, ' 

.. level but not ~t the 0.01 level. 

-The M~alanobis-distance calculations included in these 

discriminànt analyses' indicated that' a few s"ainples did not 
,.... \\ \ ' . 
~~tualiy be,long in their corê,groups. The- samples ASI"32, 

'.. r > , • 

, " " . , KER 53,eLER 29, and PHL 9°were a~l ,relatively distant from 
10,' , • 

their respeçtive "qroups.' . '(The distinctiveness of the first 
~ \ , ," ~ . 

two' had already been recognized,from the cluster analyses 
" 

,j 

p~esented in chap~er '6.} The sample LER 44, although not 
" a • 

part~cularly ,d~s,tant from LERCORE, fel'l w~,ll within the 
, ,/, 
Kerami~haki core group. While'the de~inîtive attributiort pf 

u , 

LER 44 awaited thê',systematic 'testing of aIl samples, the 
o 

, fo~" others' were excluded from subsequent di'scriminant . " 

'7.2 •. 2' GrOup subdivisions 

"One 'factor which limits the performance of the dis­

c~i~nant'anaiysis is the"Spr~ad of concen~ration values 
. ' 

wi~hin the reference g~oups. With several groups having 

. ~imilar average, compositions, it is ~mportant that the 

'", :. ~ " var~ation 'abo~t thése averages be low. 
" ~._, .. 

(~ 
Fo~ the ,7 core groups 

listed above, however, the within-group 
, ' 

standard deviations 

often exceed those calculated for aIl the samples taken 
- (l 

together. For four groups this problem was partieularly 

.. 
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. severe. Out of .the 12 elements used in th~ pr~ce4ing di~­

'criminant 'analysis, the fOllowing vary to a 9,reateF extent 

within the tgroup listed than overall: La, Yb, Sc, Eu, Hf, sr,' 

and Fe in ASICORE; Na, K, La, Cs, Sc, Fe, and Co in KERCOREi 

-Na, K, Cs, and Eu in KRKCORE; Cs, EU, Hf, an~~ Co, in LERCORE. 
;;~ 

This indicates either that the reference gr~ups have not been 
~ , J ~ 

'established strictly enough, thereby allowing sample~ of 

varied'origins ~o be included in a single group, or that some 

of the groups are indeed indistinguishable. s~nce for Asine" . , 

'and Keramidh~ki, ;at least, the reference groups are \hem~, 

selves composed of several clusters (see chapter 6), the 
. 

second hypothesis did not need to be' invoked until the first 

had been fully tested. 

In an effort to pin down the sources of variation within 

and between the core groups, several discriminant ana~yses 

were performed using the constituent clusters of some of' the . " 
, '\ -

groups. 'In particular, the 3 Asine, 3 Keramidh~ki, and 2 

zygouriés clusters described in chapter 6 were entered as 
'0 

'separate groups. For the first attempt, the fourth 

Keramidhâki cluster (E.of Table 6-1) was included as weIL; 

together with the Lerna, Koràkou, Phlious, and Tiryns-A' cores. 

Forced discriminant analysis of these~13 groups gave an 80% . 

success rate in the attribution of the samples to their 

respective core groups. Every one of the samples from cluster 
r' 

È of Keramidhàki ~nd cluster A of Asine was correctly assigned 

by the program, and none of the other samples was assigned ,to 
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either of those groups. Other groups were not as we1.1-

isolated, but the only two which were not significantly dif­

ferent are PHLCORE and KER-D (F-statistic of 1.80 against 

critical,vâlu~s for 12 and 137 degrees of freedom of 1.83 and 

2.32 at the 0.05 and '0.01 levels +espectively). The groups . , . ,,\ ' 

which lost the 1argest proportions of samples are LERCORE, 

KRKCORE, and PHLCORE.i ,those to which most samples we+e 

a~s~ed are PHLCORÉ, the two zygouriE(s groups, and KER-A. 
, , 

TIRCORE~A received several samples from ASI-B and ASI-C. 

_ L , 
Group modifications' 

~ 

. , This information makes apparent the limitations on the 

eventual success of '~ple attributions. These' limitations 

led to a ref~ulation of the reference groups designed to ' 
d , 

. . . 
increase the~reliability of the attri~utions. Several stages 

Wé~e involv~d in this refor~ul~t.t.on. First of all, 'the , 
quantity and nat~e of the analytical data for Phlious . . 
mke concl'ù~ions x'egarding that site diffidult. rts 

t; ... ~, " .~ 

7.sample core gr9uP êlosely resembles the KER-D Group. . ' 
Removing PHL'lO from the Phlious core, on the grounds 

Q " • .., -

tliat it'· is over twi'ce" as far from the group centroi" as the 

rest of the PHLCORE samples, did 1ittle to improve the 

situation. ~he Phlious c~re, reduee~ to 6 member~, d~~f~rs 
" " 
from KER-D and from ZYG-A at the 0 ~ 05 leve1 but not at,' the 

0.01' leve1 of significance. The groups KER-D and ZYG-A are 

. qui,te di.stinct, so the prob1em tay with PHLCORE. Sinee the 

(j 

-" . ' 
.. 

" 
, " ~ . : . 
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" , 
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number of samples remaining in ·tha,t 
f, 

core group was in any 
1 

hardly ~u~ficient for use fur ~rchaeological inference, to 

withdraw the,Phlioùs'samples on technical grounds'fr,om'the 
, ,,-, , 
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case 

aspect of the study waS not, a great'loss. The low àrc~aeo-

logical value of the ~hLious ~amples (no record of their 

stratification or the relative aburidance of the various wares), / 

,th~ relatively isolated location of the site, and the lack 
, J 

• , _ ~ 1 1 

'of ~nfor.mation concernirig its nature and impor~ancé are,all' 

further support, ~or tl'lis ~e(d_ion. ... 

~Almost half of the samples in LERCORE and in KRKCORE 

(and in PHLCORE as weIl) are closer to the centroids of other 

groups. These two groups are not quite as broad as the 

original Asine and Keramidh~ki cores, nor do they contain as 

many samples., "it therefore se~med less appropriate to try 
(1 /' 

to subdivide them""i;ii the same way, as the other two: The 

breadth of these groups, however, results'in overlap with 

other cores: with ZYG-A and ASI-Ç in the ca'se of Lema, and 

with ZYG-B, and KER-A in the case of KorAkou. 

For Kor~kou and KeramidhAki sorne ,simplification was 

"possible. ,Because the two sites lie within 4 kilome~res ot 

"~ . each other on the 'sarne geological feature (the plain of 

:~, K6rinthôà), it is reasonable to ~xpect the same (or similar) 
'II 

• ·,clay sources to nave been used for pottery found at both 

locations. In that case one or more of the KERCORE subgroups 

~ould coincide with parts of the KRKCORE group. To test 

this hypothesis, a cluster analysis of t'he samples in bath' 
J ' 
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, . 
these groups' was perfo~d, 'uSi?9 the conc~ntratio'ns of aIl 

19 reliabl~ e].emen:ts. Tpe re'sll1,ting denq~ogram (Fig~ 7-i) has 

three constituent clusters, 'corresponding quite closely to 

th~ Keramidhiki subgroups MR-A,' KER-C, and IŒR-D: Wi thin 

-ce'ach is a., contingent of KorJkou sampJ,.e~. Samples from ,both 

sites are 'fair1y weIl intermingled in aIl three clusters, 
• 1 • r" 

indicating that càmpositional differenc~s oetween the sites 

are' minor,compared to v.ariations with±n the reference group 

of each one. Since the centroid of KRK'is çlosest to that 
<t). 

of KER-A, more K~ samples had been 'attributed to that group 

than to the other KER groqps in 'the discrinanant analysis 

discussed above; however, KRK sa~ples actually belong in aIl 

.three di visions of the' K'eramidhAki core. Differences between ' 

the core groups' centroids (as ~ndicated by the discriminant-

analysis F-tests) arise from the uneven distribution of 

samples among the various subgroups. 
, , " , 

A discriminant' analysis 'modif~ed to take this information 

into account showe4 sligntly im~roved distinqtions' between 

groups, the proportion of samples correçtly assigned on the 

basis of 12-element discriMinant functions ~ising to 82%. 

~
ith calcium conceptr.at~ons included as weIl, this proportion 

';, 

becomes 87%. (The number o.f samples included is lower in 

that trial.) The modifications 'included rearranging the 

KeramidhAki and Kor~kou'cores to form three .... groups in aIl, 

and omitting the Phlious core from the list of groups to be 

considered. The groups losing the large st proportion of 
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samples in bath trials (with and without Ca) ~re LERCORE and 

ASI-Ci' those receiving the most are the t~o zygouriEfs groups, 

ASI-C t and ASI-B (the làst 'from TIRCORE~A onlY). 
o 

7.2.4 "Natural" gfoup~ 

~e pers~stenc: of these reassignments necéssitated a 

new'approach to the definition of the groups themselves. 

Sin~ Keramidhaki.and Korâkou pottery consists of several 

compositional groups, each including samples from both sites, 

it was thought that a similar situation might'hold elsewhere 
~ 

as wel·l. The way to de termine which are the "natural" 

compositional,groups among the samples analyzed is to subject 

them to cluster analysis. Alt~~ugh this procedure involves 

the ~missio~ of po~entially usefui information (nameIy'the 

findspot of each object), no a'priori classifications~~nter­

tere with the formation of oéompositionally-similar, clusters. 

(ActuaIly, kftowledge of the site from which each sample came 

7an be'used to judge theosignif~cance of the clusters at 

vlrious leveis of similarity.) Samples of similar composi­

tion from severai sites ~hould find themselves forming a J 

single cluster. These clusters rèpre~ent the ch~racteristic 

composition types of the region better ,than" the ,reference , 

groups established each on the basis 'of one site:~ samples. 

-' . 
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With this aim in mind, a ·seri~s of cluster analysès was 

performed using analy~ical dat~ '~r6m several sites and in 
\ 

each case the concentrations of as many elements as were . 

'common to the entire data set. Squared Euclidean distance 

and centroid clustering wer~ the options'chosen for each 

execution of the program BMDP2M. Only samples which were 

already members of core groups were included, in order to 

minim!ze distortion caused by the standardization p'rocedu~e 

(sée section ~ 6:2.2) • Samples not included were left for at-
f • 

, tribution to cluster~t a later stage ~Sing discriminant 

, 'analysis. The sample land elemen't coinbin~tions pa~ailel those 

of the previous discriminant analyses. In erder to,include 
'1 . 

'" alJ-, 225 samples belonging to "the twelve core g,l;0ups of chapter 

... ,,' 

1 
;/ 11 .. 

J~-'--'-

/ (-) .' 

j 
/ 

, \ Î 
6, only 8 elements were used in (fhe ~irst. dluster analysis. 

As expected, the analysis showed the samples of TIRCORE-B, 
, ~~ 

vqUCORE-L, and VOU-R'for.ming ëIusters separately from ' 

the rest of~the samples. The next stage used twelve elements 
l~ 

for t~e clust~ring of the 163 sampl~s remaining after these 

three clusters are removed. If Ca is included as well, the 

number of samples with complete data draps to 146. Finally, 

using all 19 reliable elements, 125. samples from 6 core 

groups were clustered. In all the dendrogramsJ sampl~s from 

several sites were ihtermingled to form a small number of 

clusters, described below. Strong cor'respondences exist 

~tween certain clusters from one an~lysis to another, éven 

though the sets of elements and samples bein considered 

' ..... 

r) .' 
_ j-
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,," 

differed~ 

. -Six clusters appeared in all four analyses, often with 

slight differences-in the number· of mempers depending ôn , . 
which samp1es had been included in the clustering. 'l'he se 

clusters are designated M·, 'N, 0, P, Q, and R in Table 7-III, 

where their constituent samples are listed. Certain criteria 
~ 

were followed in listing samples which appeared in one 

anaiysis but not another.... TO~ start wi th:, all the s~ 

in clusters common to the four analyses are included. Samplès 
", 

with ,,12 or 13 re~iable elements which form part of the clus.­

ters in the corresponding analyses are added in parentheses •. 

From the 8-element analysis, the·TIRCORE-B and ~he two 

Vou1ia~ni clust~rs are included as well, labelled U, V, and· 

~ W ~espectively. " (The TIRCORE-B cluster maintains its identity . 
even with more elements included, as was demonstrated in 

• 
sect:ton 6.3.5.) Finally, when a cluster includes only a 

single sample from any given site, tnat sample i8 omitted for 

.the time being, though it may be re'-a8s'ig;ned to that cluster 

at a later stage. ~hese criteria led to the inclusion of a 

J total 'of Il c1usters in Table 7-III. In addition.ta ~aring 

the letter designations M to W, the~clusters are labelled ac-

cording to the site groups which account for the greatest 

pr~portion of samples'in each èase . 
. 

:Although these clusters are in sorne respects quite dif-. 

p ferent from the core groups af chapter 6, they are just as _ 

suitable for attributions-: of provenance as the core groups, 

I~ 
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TABLE 7-III: The Eleven "Natura1" C1usters' 

Oes,i.gnation 
1 

M ("KER-Ali) 

N ("KER-C") 

· ... 0 .- ("KER-D") 

P ("ZYG-A") 

Q ("T·IR-A") 

R ("ÀSI-C") 

&- ("ASI-~") 

T ("LER") 

u ("TIR-B") 

v ("VOU-L") 

W' '("VOU-R") 

. . ~ 

\ 

Constituent Samp1es 
1 

KER l, 2, 6; 7, 14, 15, KOR 1; 
KRK «), 14, 15, 22, 2 8' 

KER 4, ID, 12, 16, 17, ~1, 34, 35, 41, 
55,59, 60, 6l, 66; 

KRK 5, 7, 10, 13, 20, 21,,38, 39,,40,,42; 
ZYG (8, 9, 10,. Il), 1'2, 23, 24 

1 

KER 5, 19, 32 , 39, 40; 
ZYG (7) l, 19 

ZYG 3, J~' 25, 28, 29, 30; 
PHL 2, i3, 5 

1 TIR 2, .3, 4, 5, 
16; 17, 18, 
37 J 39, 40, 
75, è5; 

6,8,9,12,13,14,15, 
19, 31, 32" 34, 35, 36, 
41, 43,.44, 45, 73, 74, 

ASI 10
r 

(15), 20, (24~, 25,26,33 

'(LER 7, 27,' 47) 
ASI (5!,' 19), ;1, 34, 35; '. 

. 
: (AS Il, 2, 3, 4 , 6, 16, 17, 22) 

l, 
1 

(LER l', 19, 20, 37, 4 ~, 56) 

'l'IR 3t, 56, 57, 59, 61, 62, .77, a~, a9 

VOU OflO, 011, 
1P5, 107, 
151, 201, 
30~, 492, 
413, 414, 
623 

012, 013, 
108, 112, 
202, 2,03, 
403, 404, 
415, -419, 

014, 
113, 
204', 
406, 
420, 

101, 
114; 
205, 
409, 
422, 

102, 
115, 
206, 
410, 
612, 

vou 155, 156, 157, 158, 159, 411,"p~2, 
604, 608, 611 

.. , " 
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since they' ean be shown to have a signific411t arc~e?logical 

.int,erp~etation, .. ' . The. most obviol;s 'distinction anv::mg them i,s . . 
geQgrap~ical: the first four (M~P) co~tain s~ples from the 

Korinthia, the next five (Q-U) f'rom the Argolid, and the last 
l ' • 

two (-V-W)' from Lake, Vouliagmeni.· Among the four composi tional 

types characteristic of th~ :Korinthia,' -cne first is fo~d .. 
exclusively at Keramidh~i and :Kor~ou, th~ s~cond is charac-

teristic of these si tes a~d. zyrouriés (~YG-B), the 

found predominantly ~t KeramidÎlâki, and the fourth 

third, is 

pre-

dom:inantly at ,zygouriJs. 
, . 

We can therefore. assign cluster M 

·to the Korinthian'plain. The abjects of cluster 0 may have 

a sittûlar origin, if the 'two zygouriés samples in thit cluster 

represent importa. ~he number of" Zygouri's sarnples in cldster, 
, , , 

'N is greater, but the y account.for roughly the sarne propor­

tion of the'total cluster size (23% against 29% in cluster 0). 

This low proport~on ~upports a Korinthian plain origin once 
" . . 1 

again, but ~oes ~ot. r~le out an oi!9in ,?loser to z,ygourl.es. 

Cluster P has no association with the coastàl plain', but as 

it centains both zygouri~s andlPhIiou; samples it may be 

denoted the ."highland" group. 
. , 1 

Amonq the ~901id clusters, Q' and U are plainly charac-
, 

teristic of Tiryns. Cluster Q also contains samples'which 

~belong ~o su~group B of, the ASine coré, indicating the strong 

pOssibility of ceramic exports to ,Asin~ from Tiryns. Although 

c~uster S is made up exclusively of Asinean objects (mostly 
" 

mud bricks), and is identical to subgroup A of ASICORE'-

\" 

,..j----~­
l, 

i 

" " 
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1 clustei: 'R ;i.~ a mixture of obj ecta- from Asine and, fro~ Lerna.~ , 

The inclus,ion of the It)ud brick ASI 5 in this cluster ~kes " '1 " ,~ 

an 'origin, at Asine lOOre likely than 'o~e at Lern~. Cluster, T, 

on the' oth~ hand, ,comes ,mos't prOba~l~ from Lerna. Finally', 

a'lthough oluster V can definit~ly be attributed' to Lak~' 

voulia~ni, the provenance of 'the objeots in cluster W is 
, , 

not as securely determined. At any rater tha,t compositional 
, \ 

type is not characteristic ,of ~y ether si te in this study. 

,~he origins of t,he clusters are, discussec;l at, greater len-gt.,h' 

in 'section 7. 4 after ~heir ,m~ership has been augment'ed :by , '_ 
, ., 

" ' 
some samples not beloriging ta the original core g~oups. 

The,se clusters migh~ have been derived from the core' 
r 

,groups by continuing the ~eries of g~oup modifications begun 
lé 

Their final forms may be interpre~ed in 
, , 

, the spirit OL those modificatiqns. One of the 3 Kerami~~i/ 

'Korâkou clusters ha~ merged· with Z~G-B, and the zygouriés 

ctuster now incorporates a few Phlious samples,. The main 

Ti:ryns core ,group has absorbed ASI-B. Clusters lJ~ v, and W 

differ only slightly from TIRCORE-B, VOUCORE, and VÇ>U-;R,I 

but since they w~re formed on the ba~is of the concentration~ 

of only 8 elements, the core-group equivalents of the se , 

clusters represent the compositiona~ types better. Thèy 
l, 

were therefore· used in subsequent calculations. 

The most seriQus diffe~ence~between the new arrangement 

of clusters and the one based on single-site core groUps is 

the drastic reduction in the size of the group fram Lerna. 

" 

'Ii 

,-

... ; 

" ' 

, 
l. 

4 , 
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~ q 

, " Wher"e' LERCORE~contains 19 samples" cluster T contains only 6, 
. , 
1 " , , 

'wlth 3, more Lerna sample~ to be fo~d in cluster R. Ovèrlaps 
, , 

, -
.caused by the large spread in concentration values w:i,thin 

'. 

LERCORE had been a problemi reducing t,he group to minimum 

size is one way to avoid it. 
" -

~amples were left for assignment to clu~ters ~sing disc~i-

minant' ar{alysis. " 

, 
Not su+prisingly, discriminant analysis ~f these clusters 

is almost l~O%' successf~l at placing (or r~ther replacing), 

. each sample within its parent eluster.... (Only AsI 26 is . , . , 
signif~eantly clo~er tq R than tO.its parent.cluster Q.) This 

is true whether the analysis uses 19, 13, or 12 elemen~al 
l ". 

concentrations as variables. Furthermore" the c,lusters se.em 
" . i • 

-- ·'t.o be -i 1easonably well-isolated in discri~nant space, àlthol:19h' 

the' ~ivariate plots are quite erowded with sàmples., The plot 

'shown in Figure 7-1i' is a: faithful rèpresentation in two 

dimensions of the distribution of concentration values in 

multi-dimensional space, ,sinee the, first two canonïcal vari,­

ables ac~ount for 98% of the to~al ,dispersion. ,(The first one 
0, " 

alone aecounts for 94,.7%.) In fact, same relationship to 
.... 

geographical position is also evident·in.this plot, the 

samples in Korinthian clusters appearing in t~e upper half and 

those in Argolid ones in the lower. This means that the 
~ 

'geographical watershed between the two provinces'may ~e a 

geochemical one as weIL. At any rate, it appears quite 

teasible to use discriminant 'analysis ta attribute other 

./ -

/'7 1 

i , " 

,,1 
1 

, ' 

• 
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~ site clusters, using the first'two canonioal 
! 

éoordinates as calculated by stepwise 

discriminant analysis on the basis of tne 

concentrations of 12 elements. 

.-,,'./ 
'~ 

l' 
!I 
'1 

Il 

.:1. 
~ ..: 

. ! 
" , • -1~ 

336 

· :1 
~ 

1 
\ 

,\ 
\ 

.. l 
\ 
~ 

j 
1 
1 
1 -
• , t 

) 
• 
~ ; 
!1 
l 

A • 'i 
'1 

\ 
1 
1 

f 
~ 
l-

.J --



;, 

(;l 

j, , 
r- ) 

• 
" 

:,-,,", l" 

, , 
r' " " 

"'') 

'0 ~~\ 
, 1 

DVERLAP OF DI~reRENT &AOUP5 IS INDICATeO e, • 

" 
I>l 7.5 

. "..,. 
,r" 6.0 

t .... ' 

... ;'5 

C 
A 
N 
0 3.0 
N • C 
A 
L 1.5 

V 
A 
R 
1 0.0 
A 
B 

" 
L 
E 

-1.5 

2 t 
-1.0 

-4a5 

J ~ 

-6.0 .-
f 
t 
1 

-7.5 

". r.;-(b' [J 1 (). "t 

,,- , 'II -i~ .... ""' .. _~,,_ .. __ ,~. 

• + •••• + •••• + •••• + .......... + ••• .,,+ .......... t .", ••••••••••••• , •••••••••• ~ ••• " .................................. + •••• + ••••••• ~ •••• 
• • · + 

· ., 
+ 

· .. 
a · + .. 

· + 
• ,1 
;' "P'p ; 

OP 

" -0 

Il 
p p - p 

;. p 
-p 

Q · • S .. .. 
Il 

"'~ Q · + 
, '-' CI 

s s • 
Q 

· Il 
Il 'i ~ .. CI 

'" 
· .. Il ... 

.. 
N .. H 

N .... 
H 

MN 
H 

Il "" .. N • 
HM .. 

HN M .. 
0 .... N 

N 
N H -.. 

a H 

\ 

T 

ft ft T 

ft A T 

ft R 
R 

CIl Il Il 
-Q 

CI CI 
CI CI CI 

Q Q 
Q 

Il 
Il Q 

CI Q 
Q 

Q O>,Q CI 
Q 

Il 

Il 

• .. 
· · · ., 

'Il 

'fJ >,. 
M" 

• · N -. 
· • 

H · • 

· .. 
· ,-
• 
t 
• 

· .. 

· .t · · · . · ," •••••• + •• ~.+ •••• + ••••••••••••••••••• + ••••••••••••••••••• + •••• + •••• + •••• + •••••••••••••• + •••••••••••••• + ••••••••••• ~ •••• 
-11.7 -9.9 -a.1 -6.3 -4.5 -2.7 -.9 .. 9 2.7 4.5 6.6 a.l 

-10.e -9.0 -7.2 -5.. -3.6 -1.8 0.0 1.8 ~.6 5.4 7.2 9.0 

CANONICAL VARIABLE 

(\ 
.GD> V5<; 

o 

• r .. 

\. 
, '0 

';l, 

<\' " 

" 

" 

'",'\ 

'" 

" 

f 
; 

·:i 
~ 
.t 

t 
~ 
li.' 
~ 
l 
~ ., 

J 
)"l , 

, ~l 
f~ 
~ 

~ 

d 



\ 

. l 

~. 

r ' 

337 

l' ." 

samp1es ta these clusters', as' is in fact done in sec,tion 7.3. 
"1-

The preceding discûssion of the clusters' si~i~icance 
( , , 

has indicated'" that they represit the PrOduction~ ~f ~ ~umber 

of sites in the AIgolid and Ko~inthia. We are therefore 

~ justified in calling them reference groups"if we keep in ,. 
mind certairr limitations. Pottery has been analyzed from 

eight si~es(l~ the region under study; surely these are only 

a few of the ones where pottery was pr~duced. Attributions 

of. the groups to production sites must be made in this light. 

By assigning a group to a certain s~ we do not exclude the 

possibili'ty that 'some al: aIl of· the objects in that group 
• 

were made at a nearby centre from which no excavated material 

was available for sampling. This is an example of widemann's 

"zone of non-res'o].ution ll
, albeit arising from limitations of .' ~ 1 

the s~e selection rather than from geochemical considerations 

(see section 2.2). 

Attributions of \ samples to the reference groups are also 

. "subj~ct to."limitations,. These are statistical in nature, 

arising from natural and experimental variations in compo-
~ 

sition within a single group (section 2.2). The assignments 

are there~ore statements of probability. In order,~o maintain 

confidence in the results, only the high-probability attri­

butions are considered (see section' 7.3.1). There may never-

'" theless be a fe\t{:\(.sàmples which are misattribut~, falling by 
,( 

chance either close to a group to which they do not belong, or 
\ 

far from One ta which they do. We ieel, however, that because 

l ~ ~,-________ -:-'-___ l--, 

,,' 
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of thei±" sniall number 1 :t;hey would npt ,have, a significant 
, -

effect on the over~ll picture of pO,ttery exchange in Argolis ' 

l and Rorinthia. 
, . 

• 
Befara the attributions were made, an invêstigatian was 

< co~ducted of the chemical differences between the clusters . 
• ,1 

The order af the elements chosen by the program ta separate '", 

~ the clust~rs is the following: Sc, Na, Eu, K, Mn, Ca, Al, Hf, 

, ' . 
'. 

1..­

"" 

'-" , 
·C ,-

. ' 

'... ~. Cs, Cr, Th, (Yb, fe, V,. Co, La, Ti, Ce, Rb). The elements 1 

, .' ! 

after Th wauld not liave been used had the "farce" option not 
.. 

been in effect, so the~e enclosed in parentheses. The 

step~i~e discrimlnant analyses.performed with 13 and 12 

elements selected(tn~ elements in similar sequence, 'with 

La, Yb, and Co in the first case, and Co and Fe in the/second, 

being included .0rtI;' to satisfy the "force" option. 

The ayerag~ 'c?ncentration of a few elements is distinq­

~ively high or low in each cluster (Tabll\ 7-IV) . A chart of 

" the same fortu as Table ,7-II 'shows that for evèry pair of 
, " clusters, one or more elements have one-standard-de~iation, 

~ 

ranges which do not overlap (Table 7-V).' From this chart, 
. 

the elements most useful in separating èvery.pair af clusters ' 

can be picked out • 

Several interesting features of the clusters' chemical 

~àmpositions 'emerge from an examination af' this table. First 
: ~~ 

./of aIl, clusters M and N ditfer anly in the concentrations 

'af the alkali elements Na, - K, and~. The l:ast two' of these 
J ~; 

~e pasitively correlated, sa that the ratio of their 
1 
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T~LE 7-IV: ,Average Compositiops of the Samples 

Constituting the Ïnter-si te Clust.ers, 
, 

with Compara ti ve Data (see text) 1 

Group Al (%) " n Ca (%) n v' (ppm} n 
". 

M 8.2 ±O.5 (12) '11.G±0.8 (12) 151 ± 21 (12) 
, 

,~~ 

'8.') ±U.3, N (~7) 9.9 ± 2.8 (31) 142 ± 15 (27) 

0 7.1 ±O.4 (G) 14.G ± 2'.4 (7) 115 ± 12 '(6) 

"- p ,7.6 :t0.3 (9) 10:0:1: 1.6 (9) 119 ± 10 (9),' j , 

Q 8.1:1:0.4 (37) 2.1 :1:1.4 (r7) 118 ± 7 ,'(37/ 
-..,. 

R 7.4 ±0.3 (4) 
" 

7.3±2.9 (7) 121 ± 9 (4) 

S G'.1±à.6, ' (2) 4.8±3.0 (2) 88 ± 12 (2) 

T 8.1 ±2.4 (4) 

II 7.S±0.3 (101 10.0 ± 2.2 tlO') DG± 8 tl0) 

V 13 .. 0 ± 4.4 (40) 
> ' 

/" W 3.5±1.8 <.121 

, 

CRTH 8'.2 ;1: 0.5 (5) 10.0 ± 2.1 (40) 

" " 
MYCN B.i±a.3 (16) 9.B±O.8 (16) -:-

" 
LGC 7.0±0.6 (4) 5.3±O.6 (4) 

1 

. PC 6.2±0.6 (S) -3.9±0.4, ) (51 '. 

'~ 
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'TABLE 7-IV continued .' (,.' t " 

" 
~ (' 

,~ , 

'. , , . 
"" 

~ - -t..lj;"'" ....... P , 

Groue Ti (\) n Mn ~m) n Na (\) n 
.~ . 

M ... 0.48 ± 0.02 G1.2} 1031 ± 216 '" (12) 1.40 ± 0.19 (12) 
l ' 

,. N 0.47 ±0.04 (27) 1065 ± 167 (31) :0.52±0.1l (31) , 

0 0.42 tO.03 (6) 1139± 125 (7) 0.56 ta .12 ' (7) 
1 '", 

P 0.46 ± O.03~ (9)' l ' '714± 72 (9') O. 5g: ± 0: 15 . (9) . . 
. 

, " 

Q 0.50 ±0.O4 (37) - 714 ± 86 (371 1.06 ± 0.12 ( 3'7.) 
~ 

~ 
R 0.44 i,0.02 (4) 967'± 92 (9) 0.90 ± 0.09 (9) 

S 0.40 ± 0.04 ' (2) 849 ± 113 (8) ;0.82 ±0~22 ' (8) 

T ".~. - 993 ± 74 (6) 0.64 ±0.20 (6) 
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" " 

c) 
- . TABLE 7-IV ~ continued -. ' , 

D, , .. 
Group K (t) n La (P12) n Yb (ppm) n . ~~. t ij.~:, . > ' 

M 1.0:± 0.3 (12) 35.8 ± 1,. 8 (12) 2.5 ± 0.4 (12., 
~ : 
, 

N 2.7±0.3 (31) 35.,5 ± 2.0 ~31) 2.6 ± 0.3 (31) ~ 'l' . 
" 

f 0 - 2.3 ± 0.2 {7} 27.8±1.6 (7) 2.5 ± 0.2 (7) ~: . 
" P 2.3±0.3 (9) 32.0 ± 1.2 (9) 2.6±0.3 (9) 
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,TABLE 7-IV continued 
• 

. . 
, 

Group Rb (122!!) n 

M' D 57 ± 20 (12) . ' 
N 146 ± 18 (27) 

<. 
Il 

0 lOl,± 28 (6) 
.' . 

P .121 ± 26 (9~ .., 

Q 123 ± 25 . (3'V 

R .U6±27 ':(9) 
~ 

, 

S ,. c, UO± 4.4 ", (8) 
" . 

,T 133± 62 . 
, . 

.U llB± 18 

v • 74 ± 25 

w 82 ± 23 (12) 

CR'l'H . 143± 23 (40) 

MYCN 145 ± 14 (16) 

169 ± 13 (7) 

139 ± 28 (10) 
'" 

.. 

. 
6.4±l.O (37) 20.2 ± 0.8 

" 

5 . 4 ± 1. 1" (9 ) 20.5±0:9 

3.3 ±-O.8 (8) 16.3±l:.2 

'20.7 ± 1.4 

, . 
, , ~ ~ I~" : , , 

1 , . "" 9.6±U1_ ,:(4<5)' , Jo, +-'1 ~. 20.7'- .1· 
l'''''': 

9.2±O.8 0'91 Z:1.1 ± 0.6 

8.6±1.l (7) 23.a±1.8 

\ 

'S.9±l.l (f0) 26.5 ± 2:3 

f 
( 

. 

, . --- - ~ 
------ Il 
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(37) 
~ , 

(9) '.- , . 
(8) " 

p-

,(6.>. '. 
;''pry"r, 

(40) 

(16) 

(7) 

.:$!." 
(lO) 
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TABLE 7,_
o

IV - 'continueà' " 
1 , 

.' 

r. Ce A~~JIl). n 
'-. 

7a± 7 (12) , 

.. ~N 

0 

. 
p 

'" , 
r, 

Q 

R 

s 
/ 

T 

u· 

' . V . 
" w "-~. 

CRTH 

LOC 
, . . 

" PC ... 

, " 

t 

a3! 8 (27) 

, 
63± 5· (6) 

·70± :3 .' (9) '. 

79~. 8 (37r 

73±9 ,'(9)' 

. sa± 8 (8)-

73:t 8 "(6) 

64,! 4 

42± 6 

f 

(loi 

(40), 

(12) 

.' 

i._20 ± 0.14 

1.01 ±b.13 

1.21:f 0.15 

.. . 
\ 

" 

à1± 4 

J + . .86.6 , 

.. ' , , 

" 

{7} 

(10) 

. , 

\., , 
," . .. ," ..... 

' (l0> 

. (49) . 

' cp>' 

: 

,,(7) 

(10) 

.. , .. 

. 
" 

. , ' 

7.S±0.5 

7.2±1.i 

7.9±l.S 

10.8 ± 0.6 

. 10.7 ±O.l 1 

Il.1 tOrS 

1l. 4 ± 1.1 

! 

.1., 
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" 
1 ~"t,1 
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i-l;V con·1;.i?ued' ' . " TABLE - l ~ • 

. f 

1 - . , , ~ : . , , 

/ 
, " , , 

/ • 

l·· 
1 , 

'/ \ 
li " , ' 

! , . ,1 

\11 
,r ... 

'. , ,. 
l " - " 

GroUp Hf (ppm) n 1 Cr' (ppm) n ,', te ,(\) . ' n 
1 

):J . ., 
f', \ (i2,) , (12) 5.6 ± 0.3 (12) 

.. 
M '3.7±0.6 273'± 23' f 

2~± 52 
i 

, , N 
, 

3.7±0.5 (31)/~., ( 31) 5.5 ± 0.3 (31) 
o' ... ~ \.~ 

O. 3.2 ± 0:5 .. (7 i" _ ,20~± 41 (7) 4.9±0.3 (7) 

1 

P 4 ... 3 ±O. 3 (9) 22'6.'± 25 {9} 4'.7±0:3 (9) 
l, , , 

:"~~ 
, 

. ' 
, 

l' 
~, . 

q 5.7iO.B, . (37) 333±10B (37) 5.1 ± 0.2 (37) 
" ' 

1 ~ R 4.4 iO.6 (9) 345 ± 2.5 (9) 5.1 ± 0.1 '(9) 
;;-

" 

S 4.1 iO.S (BT 474± 68 \~~) 4.3±0~2 (8) 
~ ,-. ---. 

T '4.8 ± O. 8 (6) 332 ± 50 «M<'t6) 5.0 ± 0'.3 (6) 
r-~~{.!,j 
"h~ 

U' 2',7' ± 0.4 (10) 382 ± 67 (la) S.6±a;3 (10) , 

~ f \ 

V, 3.2 ±o.~ (40) 282±1l6 - (49) 4.3 ±a.7' (40) 
, 

140:1: 54 
, 

W • 4.9 ± 0.6 (12) (12) 4.5±0.4 (12) 

CRTH 3.S±0.3 (40) 234± 17 ~ (40). ~.3±O.3 (40) 

.. ~ 
., 

MYCN. 3.2 ±O.3 (16) • 221 ± 14 (r6) 5-.2 ± '0.2 . (16) 

LGC .. 7 iO.S (7) -. 195 ± 19 (7) 5,.8 ± 0.,5 (7) 

. ' 
PC ")2.7±O.5 (10) 1~9 ± 30 (l0) 5.3±0.6 (la) • 

." .,. 
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. " 

,>- . 

" '" (~) 

, • ,l"" .. 
, 
1 

-' - ~ - - -~-- ..l~_. 

" ---~-- ----- - j 

Q~ ,) , 

-J 
~-:--,,- .. ~, .. , .' ~""'._----.. _ ...... --~_. -~- l ' 

,:~~-~ --. ,- -~~~~- ,~ " 



, ,. 

. " 
. , " 

() 

,\ 

, J 

./ 

F 
/ 
1 
/. 

1 
i 

() 

.... 

1 
( 

TABLE 7-tV 
, , ') 

c6nti,nue,d 

f 
\' Group Co (Ee) n 

M ,32'±2 (l2l 

N ,32 ± 4 (3iJI, 

0 '29 ±2 ( 7) .. 
P 24 ± 2 (9) 

\ 

,Q 23 ± ~ ( :'Y7) 

R ~- '- 30 ± 3 '.(9) Q , 

'S 2S'±'3 fs), .. 
J \ 

T 30 :!; 2 , . (6)' 

u (10) 

v. 

w 

CRTH ' . + 2S.6-:-2.7\1o (4'O1 

. MYCN 28.2 ± 1;,4 (6) , f 

LGC 27.S:l;2.0 (J) 

PC 28.3 ± 3.2 (10) .. 
,1 

\ 

'a /1 

. " . 

" " ~. \ 

'1 ~ 

.ft 

f' .>\\ " 
'. A, )'0. , 

.l' 

1 , 

",-

/ 

1 • 

~: The ± figures represent la; n is the n~er ~f samp.1~ 
included in each average. 
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Sc, Cr, Pe 
Co 

Al, Mn, Sc 
Ce, Fe, Co 

Ca, Mn, La 
Th, Hf, Co 
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Ca, Mn, Na 
K. Rb, ca 
Sc, Hf, Fe 
Co 

Ca .. Mn, Na 
Cs, Sc, I!f 
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La, Ce, 'l'h 
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Hf 
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Th, Hf 

La, Ce, Hf 
Fe 

Ca, Cs, Ce 
Hf, Cr 

[2<, -1 La, Yb, Eu 1 La, Yb, Ce 
Hf, Fe, Co Eu, Hf 

-- --- ------- _.~ , 
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At the'intersectioh of e~ch row and column are ~isted 
the ele~ents whose"one-standard-deviation-ranges of 
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, 

concentrations IK]/(Rb] is relatively constant, having 

similar values for clusters M and N (175 and 185 respectively). 

Na and K are negatively correlated, and their molar sum is 

relatively constant (see section 6.2.1)1, taking the value 

.086 for M and .092 for N. The strong chernical resemblance 

between these clusters, apart from these elements, implies 

that the corresponding clay s'ources are geochemically very 
~ ,~\ 

similar and so probably relatively close to one another,. 

Since the concentration ranges for clùster M are in many . 
cases smaller than those for cluster N, a greater number of 

distinguishing elements is present in Table 7-V along rqw M 

than along row N. 

Among the, other clusters only T and V have entries 

with two or fewer elements listed. Cluster V has low 

concentrations Of mqny ~lements, a characteri~tic linked ta 

high concentrations of Ca. This feature is aiso evident for 

cluster 0, which is nevertheless distinguished from cluster 

'V by the very low La and Ce concentrations of the .latter. 

Cluster T is distinguished from N and R only by its high 
1 

Eu concentration (plus Th if the Lerna data are reliable) .. 
. , 

The ,pair Nana. R are separable on the basis of 5 elements, 

but because T has intermediate values of most elemental 

concentrations, it 0yerlaps mpny of the other clusters. This 

characteristic of the Lerna composition was already evident 

from the analyses carried out by GANOS CAttas 1980, p. 94). 

" . 
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\ 
'\ 7. 3 Si'ng1e-sapi12le attributions , 

7.3.1 ' Procedure 

Because bf the uneven quality of the analytical data and 

the large number of groups under consideration, the attribu-

tion of individual samples proceeded in steps. Figure 7-iii 

is a flowchart showing the sequence of tests which were 

carried out. The .first stage, a discriminant analysis of the 

11 clusters of section 7.2.4, provided a tentative attribution 
,0 _ 

for each sample, in a collection s~mitted to the pro gram as 

,a twelf,th group, "X". That trial used the concentrations of 
\ 

the 8 elements conmon to the analysis of every sample:'La, 

Yb, Cs" Sc, Eu, Hf, Cr, and~Fe. Any sample attributed to 

one of the vouliagmé'ni groups was tested, where possible, by 

a discriminant analysis using Ca, Rb, Ce, and Th concentra-
, i> 

tions in addition te the eight mentioned above. This test 

ensured that the final attribution to a Lake vouliagmé'ni 

group was made on the basi's( of as full a data set as possible. 

The similarity.of samples excavated at Lake vouliag.m~ni to 

other groups was also tested in this way. 
1 

The rest of the sarnples passed to the next stage of 

comparison. ,This is the tentatfve attribution 69f samp1es 
ri 

'to one of the main Argolid/Korinthia groups using the con-

centrations of the 12 elements connnon ~'o aIL samples other 

than those excavated at Lake Vouliagmé'ni- (the eight mentioned 

above plus Na, K, Mn, and Co). Just as ~n the previous 

sta'ge, p;reliminary' classifications were tested using as many 

1" 
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FIGURE 7-iii: Flow Chart Illustrating' the proces's, of 
,o-. , 

" Attributin~ ,samples, to Reference Clusters, 

stage 1: Preliminary vou attributions 
and, attributions to V or Wi 
8 elements, Il clusters ALL SAMPLES 

'Stage-2 : 

Stage 3: 

, ' 

/ 
samples attributed to 
V or W and VOU samples 
attributed elsewher6\ 

Verification of VOU 
attributions and 
attributions to V or W; 
12 ~-elements, Il clusters 

Attributions to non-VOU gro~ps 

aIl samples . 
other than VOU 

1 
3a: 12 common elements, 9 clusters, aIl sarnples 
3b: 13 elements, 9 clusters (somè reduced in 

size), aIl samples wi'th Ca 'values ' 
3c: 19 elements, 7 clusters (further reduced, 

no S or T), aIl s~ples analyzed at McGill 

Attributions made using the largest number of 
available elements. 

aIl samples 
not belonging 
to re fe rence 
groups 

Stage 4: Cluster analy.sis 

small clusters of unattributed samples 
found by 4 cluster analyses using 8, 
12, 13, and 19 elements-

\ 
\ 
\ 

'~ 'Ii 

! 

, 
1 
1 

J J-I 1:( 
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of the 19 elementa1 concentrations determined at McGill as 

were available for both the samp1e and the c1uster. to which 

i t is oost si:rlù.lar. Actually, two eXtra discriminant 

analyses, with 13 elements (including Ca) and 19 elements 

in turn, were sufficient for reliable attributions of the 

unassigned 'samples. The results are mst compactly 

presented in tabular form (Table 7-VI). 

Criteria for defiJ;litive ·attributions were deliberately 

chosen ~autiously. In other words, a sample w~~ attributed 
." 

to a reference cluster only if it was weIl within (i.e., 

close to the cen,troid of) that cluster, and relatively far 

from others. A sample which already' belonged to a reference 

.. 1 

"~: ~ cluater had to be much closer te a second cluster bEtfore it 
, , (!) 

was reassigned.- One result of this approach was a collection . , 
~. 

, ' 

of some, samples whose attr~~tien was vague. When the dis- // / .' ~ . 'II fi 
tance· from a cluster centroid to a sample ~ not belonging to one-~.~ __ ~~ .. :' 

. '~ , '. ~ ... :--~~ .. .. ~ 

of the reference. cl~sters wasas great 'as that to the farthest ;} .::.~: 

samples be~on9ing te that cl us'ter: 'the sample was said to be 
c , 

~associatedn .. with that cluster rather tnan attributed to it. 

~. :If a sample was found to be \asSOÇliated: ~ith tw~ or' rii~re clus-
, - . 

, 

ters characteristic of s'eparate parts" of the, règion under 

study, the lOOst that could 1;>~ saÛi' about i ts ;;'X-:lgin i.s that 

~t l,iès somewhere in the Argèli:'d or -the Kbrinthia. Its 

composition type was therefore termed "regional". 
, , 

The assignment of samples' to élusters is described in-' , 

detail for the Lake' Youliagméni ~amples alld clusters" but 
• 1';1 r. .' _ { 

,-

----------- -
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in summary ferro only for the rest, sinee the same procedure 

was followed. AlI the attributions and associations are 

presented as lists of sa~le~ 'in tw~ forma t~. In, the list 
1 

arranged by site and by numerical order of san\p"le number . 
within each site (Table 7-VI), one or more letters aecom­

\ 
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panies each sample. An asterisked letter indicates that the 

sample was an original .me:mbe"r of the cluster; a lettèr in 

parentheses represents an, ~ssociation. The abbreviation 

" reg." stands f~r the vaguer ., regional n attribution. Un-

attributed samples are marked with a dash. A secorjd list 

of samples is arranged by eluster (Table 7-VII). Th,ere the 
, 

original members are accompanied by asterisks ~ the associated " 

samples are listed in parentheses, and the definite attri-
" . 

butions bear no special marks. Samples of Il regional" com-

position and unattributed samplès are listed separately. 

In both tablès, an asterisked sample- enclosed in parentheses 

marks an original cluster meWber which is relatively distant 
o 

frOID the corresponding centroid. 

7.3.2 Lake Vouliagm~ni groups and samples 

Al th<augh over a dozen samples from' other cl usters were 

attributed to cluster V in the 8-element discriminant anal-

ysis, most of these proved to be quite far from the V centroid 

as calculated by the 12-element analysis. " Among these, tJ:lree 

Lema samples had a value of the squared Mahalanobis distance 

from' the,~~Y centroid, D~, of less than 30: LER 21, 28~o and, 45. 
',( 
r~ 

, , 
::.' 
" 
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TÂBLE '1-VI: , 
F ( , 

• J 

\, , 

01-n~ 
01. V* 
012 V* 
\al~ ,V* .' 

;, 014 v* 
-OIS, -,0 

016 ~ -,.; . 
, 

~ 10 - V* 
, lO}: v,*: 
103 
104 V 
10S~ V'lf 
106 r~g. 

107 V* 
108 Y* 
Il:1, il. 

112 V~ 
11,3 v*. 
Il'1l v* 

> 115 v* 
'oI1~ V 
\ 

.' 151 V* 
1-52 V 

" '153 . V* 
154 (,V, W) 
155 W~ 
156 W* 
151 W* 
158 Wi! 
159 W* 
160 ... .. 

~ 

201 J. "V* 
202-:, V* 
203 ': v* 
204""-, v* 
205 :'fJ* 

~ 

206 v* 

35-2" " 

~ 

AssignI1].ents c'f Samp1es' ta Inter-si te Cluste'rs 

VOU 
.' 

301 516 
302 V·· 517 reg. 

~ 

303 (V) "~18 r'eg. 
304 -- R 519 -

" 520 (P, R). 
401 521 -

,492 ' v* 522 (P, R) 
403, v* 523 -' 
404 V* 524 ..... 
405 525 

'\ 406 v* 5.26 (V) 
407 v* . 
408 CV*) 601 W 
409 V* 602 w* 
410 V* 603 reg. 

604 w* 1 
,; 

411 w* 605 
412 606 reg. 
413 V* 607 reg. 
414 V* 608 w* 
415 V* 609 
416 V* 610 (P, R) 
417 V* 
418. reg. 611 w* 
419 V* 612 w* 
420 V* 1 613 (V*) reg. 
421 (0) 614' reg. 
422 V* 61~ (P 1 R) 

616 (V) 
501 - 617 
502 reg. 618 
503 N' 619 reg. 

':.J 
504 • reg. 620 (R) 
5-05 reg . 
506 .621 
507 (M) 622 V 
508 reg. 623 (w*) 
509 reg. 
510 
511 reg. 
512 - ' 

513, reg. 
514 (V) 

,1< 
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'l'ABLE 7-VI'- èontinu~d 
. ,'-' , 

{ KER, KRK 
" 

1 , M* 41 N'* '3 
2 M* 42 (0), 4. 
3 (M) 43 u 5 N* 
4 N* 44 reg. 6 M* 
5 0* 45 '1. 7 N* ) 
6, M* 46 - • '8 Q 
7 M* . 47 9 .... 
8 , reg. 48 (0) ,10 N* 
!1'- (N) 49 ... _" .' , 

10 N* 50 "- li reg. 
12 reg. 

11 51 0 1~, N* 
12 N* 52 P, 14 M* 
13 (0) 53 15' M* 
.14 M* 54 16 . T . 
15 .M* 55 N* 17 T 
16 N* 56 0, 18 reg. 
:1:7 N* 57 CU) 19 (0) 
18 58 reg. . 20. N* 
19 0* 59 N* 
20 60 N* 21 N* 

22 M* 
21 N* 61 N* 23 reg. 
22 reg. 62 2S reg. 
23 reg. 63 , . 26. reg. 
24 64 28 M* 
25 reg. 65 (N)e 29 
26 66, N* JO 
27 reg. 6-7 P 

Il 28 ,.68 3'1 reg. 
29 69 

,. 
32 reg'. 
33 

31 (M) .. 34 reg. A 
32 0* . -li 35 
33 reg., 36 reg. 
34 N* (' - KOR 37 
35 (N*) , 38 N* 
36 P 1 M* 39 N*' 
37 2 - . 40 N* . 
38 (0) , 3 
39 0* 4 reg. 41 reg. 
40 0* 42 N* 

"i 43 P 
44 N 

0 '45 U 
46 P 
47 Q' J 

48 

-t l 

. --J , 
1-----· -----

" >, -
~ '. 



0, 
, . . , 

.' 

c , 
, .. 

. .1 . 

\ -. 

j 
" , ' 

~ 

_~~l 



. . , 

: '<~ 

: 

()-

TABLE 7~VI - co~tinueâ 

:ASI' 
1 
2 

,3 
4 
5 
fi 
7 
8 
9, 

la' 

S* 
S* 
S* 
S* 
R* " 
S*-
-
(M)' 
reg. 
Q* . 

'Il reg. 
12 
13 
14 
15, Q* 
16 5* 
17 S* 

. 18 P 
19 R* 

. 20 Q* 

21 ' R~ 
22 S'* 
24 Q* 
25' Q* 

'26' R* 
27. 

31 reg. 
32 -

'33 Q* 
·34 R* 
35 R* 

, , 

, /' 

, . 
" 

1 
2 ... 
'3 
4 reg. 
S 
6. -
7 R* 
8 reg. 
9 

10 

'Il (9) 
+2 P 
13 reg. 
14 P 
15 reg. 
'16 
17 
18 T* 
19 T* 
20 T* 

21 reg. 
22 
23 CT) 
24 
25 ..: 
26 
27 'R* 
28 V 
29 R 
30 P 

LE R 

31 
32-
33' 
34 
35 
36 

-. ~ r 

A 37 CT*) 
3.8 
:39 
40 

41 T* 
42 N 
43",0 
44 'reg. 
45 (5) 
46 
47 R'J\' 
48· (S) 
49 P 

51 
52 
53' 
'54 
55 reg. 
56 T* 

, r 

... 

NoteS: Samples belonging to one of the original c1usters 
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:, . 

of Table 7-II1 are marked with an asterisk. C1uster letters 
. enclosed in parentheses denote associations. 5amp1es mè3rked 

"reg." are attributed only to the general region covered by 
this studYi those followed by a dash are unattributed. 

" 

. - . 

'-1" . .' 

1 , , 
1 , 
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., 
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} . 
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Ci TABLE 7-VII: Sam121es Attributed to and Associated 
, ',' 

'wlth Each Group 

M li. , IŒR-1 S* - , 
, 1* J<ER 4* 

2* (9) (13) . ' '( 3) 10* 19* 
6* 12* 3'2* .. 

" . 
7* ' t6* ( 38) ; 

': ~ 
0-

14* 17* 39* ". t' " 

0-

15* 21* 4'0* 
(31). 

~ 
34* ( 4'2) 

KOR 1* (35*) 'C 48) : i 

KRK 6* '. 41* 51 • 
14* 55* 56 
15* ·59* KRK ( 19) 
22* 60* ZYG 7* ' 
28* . 61* 19* ' 1 

ZYG 20 (65) LER 43 . 
PHL (4) 66* 
ASI (8) KRK' 5* 

') VOU (507) 7* 
10* 
13'* 
20* 
21* 

~J ;' , 38*' 
39* . ~ , 

40* 
,4'2* 
44 

ZYG 8* 
i :. 

9* 00 

" 10* , 
" 11* ,. , 

( 

l " 12* . 
\ 

16 , ' , 

( 18) : 

23* , 

24* ,""M 
-<, 

" 
" , - , 

PHL 13 '. 

24 - , -;, ~J i: 

TIR 26 .... . . 
LER 42 , . .. 
VOU 503 , 

-1\;. , \, w' 

\ .'. , '1 

0 , , " 
" J 

\ "\r ", .; 

, " 

! 
'-: i 

" • . ~ 
i 

\ .... _- ... -\ 

, 
.- ~.~ ~:~ ... "~.~~~i~_T:·'~~·--~ - .---- ..... ....---,--.0.-,, __ .. __ .--_ 

;'--===*- . , 'i./;;' . • '. ' -,- ,·v .•. '"~. ~ . 
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·t ,- 7-VII - continued 
=~;;;::....~..;...;.,;...;.... 

KRl< 

PHL 

, 
TIR 
ASI 
LER 

, 

VOU 

'36 
52 ; 

. 67 ' .. -
43 . 
46 

3* 
.6* 
22 .. 
25*. 
26 
28* 
29* 
30* 

2* 
3* 
5*. 

18 
7 \ 

.18 
12 . 
14 
30 
49 

(520, R) 
(522, 'R) 
(610, R) 
(615, R) 

.. ~ .. .. 
-, 

1 ., J ...... 

, . 

" 
, . 

KRK 8 
f' 47 

ZYG 4 

.. TIR 
(27) 

1 
2* 

'3* 
4* 
5~. 

'6* 
8* 
9* 

(11) 
12* 
13* 
14* 
fs* ' 

. .F61' 
17* 

\ 18* 
19* .-

'. 31* ~ 
3Q* . , 
3'3. 

-',' 34* 

" 
; 

". 

ASI 

35* 
~6* 
37* 
39* 
1l0~ 
41* 
42 
43* 
4'4* 
45* 
13* '" 
74*' . . 
75* ~ ~ 

85* 
10* 
15* 
20* 

.24.* 
25* 
33* 

'VOU" (421)' 

. " 

.1 

,> • 
- "~ ... ' . Tt. . 

• 

R 

TIR (80) 
82 

ASI, . 5* 
19* 
21*0 
26J!' 
3~*' 
35* 

LER 7* 
27* 
29 
47* 

vou 304 
(520', P) 
(522, Pl' 
(610, P) 
(615, P) 

ASI 

J 

LER 

',(620) 

S 

1* 
2* 
3* 
4* 
6* 

16* 
17*' 
22* 

(11) 
(45) . 
(48) 

, . 
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. (J .. c TABLE 7-VII c'ontinued 

. T V W -- " 
KRK 16 LER 28 '. ' VOU (154, ,\1') 

17 VOU 010* 155* 
LER 18* 011* 156*. , 19* 012* 157* 

20* 013* 158,* " 

, (23) 014* 159* : 

(37*) 101* 411* 
,41* 102* 601 

·56* / ù 104* 602* 
105* 604* 
107* 608* 

" lQ8* 611* 
112* 612* 
113* (623*) 
1,14* 
115* 

U -116 
151* 

KER 43 152 
(57) 153* ' 

KRK' 45 .'(154, W) " - . 
l' 

TIR 38* 201* 
~ 56* "202* 

'57* . 203* 
(58) 204* 
.59* 205* 

, ~)~ (60*1 206* 
1 6,1* 302* 
1 '[ .. 62* (303) 
1 77* 402* 
r _. 86*. 403* 
!. J-

87 404~ '" 1 
1 88* 406* ! 

.' 407* 
(408*) 
409* 
410* 
413* 

,., 

414* 
.' 415* 

p 416* 
417* 
419* 

' . 420* .. 
4~2* 

0 (514) 
/ (526) 

~ . ' (616) 
622 - , , 

.. 
-

. , .. 1 

/t 
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The first and last of these were almost the same'distance l 

from the centroid of cluster R, an Argolid cluster, and the , . 
, 

Argolid origin is inherent1y more likely. The bow1 rim 

'LE~ 28, howe~er, had a D~ of 16.0, similar to values for 

~samp1es in c1uster V. It was next closest to cl~ster 0, 
. 2' ' 

w~th DO = 35 .. 5. An origin at Lake Vouliagm~ni wa6 therefore 

~Buggested • 

360 

Among the samp1es from Lake vo~liagméni which were nbt 

originally part of clusters V or W, the following had D~ 

values under 30: VOU 104, 116, 152, 154, 603, and 622. ALI 

but two of these could clearly be attributed to cluster V. ' , . 
The exceptions were VOU 154,. almost equidistant from the V 

and W centroids 1 éind VOU 603, eq,uidi stant from the V,P 1 .jlnd 

.R centroids. The first of these two samples is listed às 

"associated" wi th those cl usters , and the second as "regional":, 

that is, assigned to Argolis/,Korinthia withou~ further 
.... 
differentiation. Also associated with V are KRK 34 

. and VOU 303, 418, 514, 526, and 616, since the program at-
. '~ 

. tributed them to cluster V but thèir D~ values were between 

30 and 40. Of tnese samples, KRK 34 and VOU 418 were 

associated also with cluster~ and T respectively, 50 they 

are listed i.nstead as "regional". 

• The number of new samples which could be linked to 

cluster W is smal1er. Only the "frying pan" VOU 601, with 
• 

D~ = 19.9, 'could be attributed to that cl\.lster unequivocally. 

In forro and paste it resembles VOU. 611 and 612, also members 
\ 

\ 

" 
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'of VOU-Re It'had not been attributed to that group in the 

" , ~ 
or~g~al study (Attas 1975) because contamination from the 

o 

tungsten-carbide drill bit had affec~ed the concentrations 

of Lu, Co, and Ta, elements wh~ch had been used in the 

original statistical ana~yses. Two other samples, LER 3 and 

VOU 607, were as close to the w centroid as they were to the 

centroids of clusters R and '5 respecti vely 2 (DW values of 33.2 

and 35.0obut 
2 . 

DR = 38.0 and D~ = 34.4 respectively). A further 
, 

two, TIR 83 and LER 8, were assigned to W by the discriminant 

analysis, but their D; values .were above 40. An origin at 

is unlikely for any of these Lerna or Tiryns 

, a tile fragment from the House of the Tiles, 

and rim of a decorated hearth, were probably made 

close to where they were found,.and the deep boWl TIR 83 is 

by both style an.d context to EH IiI, during which the 

gmèrti site was ~ot occupied. vou 607, an incised rim 
• 1 

, may be a frying-pan fragment, but neither its forro 

nor i ts ~coration 

pans, w~~~ belong 

is in any G~e ~t 

resernble those of the other vouliagm6~i .. 
to cluster W. The origin of that cluster 

clear (see section 7.4.12). The prove-. 

nance of these and other coarse-paste wares is further 

discussed in section 8.3.4. 

A number of samples found at Lake Vouliagméni and 

r •• 

analyzed as part of the earlier provenance study have been ' 

attributed here to clusters other than V or W. One of thes~ 

VOU 613, is a member of cluster V, but it is closer to the 

" 

;, 

. , 

~'. 

. -
'. 

:. 

" 

. , 
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centroids of 0 and U (D2 05 31.7 and 33.5) than to those of 

1 V or W (42.7 and 41.6). It rnay therefare have a Pe1oponnesian 

arigin, a1though not necessarily the same one as the sarnples 

which had formed the group VOU-F. A large proportion of the 

sarnples in the group VOU-F (Table 6-VII) can be shawn to have 

origins in the north-east Peloponnese, but limitations of 

the vou1iagméni data set make more precise attributions 
.. 

cornplicated. Fu11y 16 of the 45 samples were< attributed to 

,çluster T by the 12-element discriminant analysis, 6 of the se 

with D; values below 30. A further 2 were close ta N, l to 

M, 4 to P, t to R, and l to S. These are several reasons , ' 

why :éf cl-uster T (Lerna) origin is inappropriate for these 

sarnplè~; First. of aIl, many of the VOU-F sarnples (inc1uding 

severai her~ attribut~d to T) are Corinthian-style painted 

sherds of the Archaic per~od, for which an origin on the 

plain of K6rinthos seems well-established. As weIl, Lerna 
, ' , , 

is one of the rnost southerly. ,sites in the study, whereas 

Lak~ Vouliagméni is the most northerly., Furthermore, the 

reference cluster T itself contained only 4 samp1es in the 

discriminant analysis, since Ca was not'determined in LÈR 37 

and 56. Finally, the Rb and Th measurements for these 4 

samples are not very useful, as the Rb values are ver~ 

imprecise and those of Th may have a systematic overestimation. 
, i 

Attributions ta c1uster T on the basis of this particular 

discriminant analysis are therefore not re1iable.· 

- , 

o 

.; '-" é -. ~ p' 'A :',~ 
" , 
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Cluster T was not incl~ded in a similar discriminant 

analysis designed ta avoid these prob1ems. C1uster S was 

rernoved as weIl, since only 2 of its samples had C~ data • 

That cluster as a whole is made up prirnarily of mud bricks 

from Asine, and contains no samples fram any other site. 

Wfth these changes the attributions became more realistic, 

though less definite (Tab1e'7-VI). vou 304 was attributed 
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ta Ri VOU 503, to N. VOU 421 was associated with Q, 507 with 

M, and 620 with R. The c1usters P and R have sufficiently 

similar concentration ranges for the 12 elements in this . 

"discriminant analysi.s that severa1 samples were assaciated 

with bath clusters: VOU 520, 522, 610, and 615. Finally, 

13 samples each resembled at least three clusters, and sa were 

best called "regional": VOU 106, 502, 504, 50S, 508, 509, 

511, 513, 517, 518, 606, 614, and 619. Most of the Corinthian 

pottery samp1es could be found near or in cluster N, !ending 

, further support to an origin on the plain of K6rinthos for 

the abjects of this cluster. The "highlands" cluster P shared 

with R many of the Mycenaean and Ear1y Helladic l abjects. 

The four Early He1ladic II samples from VOU-F, -VOU 106, 304, 

421, and 510, were respectively "regional Il , attributed ta R, 

. assaciated with Q8 and unasso.ciated. In aIl, 24 VOU samp1es 

remained unassociated~ 

. 
" 

1 • 1,.. 
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1.3 ... 3 Samples from other ,si tes 

Three discriminant'analyses fbrmed the .bas~ ~or the 

attributions of th~ rest of the 'samples. Besides the 12-

el~mept analysis mentioned in section 1.3.1, both a 13-element 

analysis '(including
o 

Ca) and a 19-element analysis were per­

formed., For the last of these, the clusters Sand T were 

Omit~ed, si\ce ~he numbers of samples in the~e clusters with 

c~ concentra~.~q data were only 2 and 4 respectively. Both 

the 12- and t e l3-eleme~t analyses included these clusters 
o 

with complete nd reduced numbers of samples respectively, 

~hus permitting samples.to be compared ta them. 

The attributions of only a few of the samples within 

the main clusterf were changed by these analyses. KER 35 
\. 

was found ta be qui te ~ar from its own cluster N, LER 37 

of cluster T -was equally close te:> _~luster R, and TIR ,60 of 
.. ~ '1 

cluster U was equally close to cLusters N and P. These 
1 

\ 
samples are l~sted ~n the table~ as associated with their 

parent clusters. 

Mahy of the samples which had formed part of the core 

groups for each site 'but which had not been included in,e 

clusters ~ere assigned to (or associated with) one of thê 
". 

clusters popular with samples from that site~ Of the .' 
~ 

samples wHich had not belonged to core groups, only a small 
, . 

fr,aœtion could be attributed ~o clusters; many xOf them, 
1 \ 1 \ 

h~wever, .had compositions typLcal of the r~gion as a wpole. 
-

In order to search for composi tiona-l simila'riti.es among 

.. 

" 

l~ 



ru 
~ 
p 

" 
" 
~ .-.: 
1 

Il 
~ 

t Cl t 
" • 
i 
t 
1, 
! 

1 
" . 
J 
c 
C' 

, , 

1 
1 

a 

o 

365 .. 

'. 
samples not in the inter-site referencr groups, these 'samples 

were subjected to ,cluster analysis., The program-BMDP2M was­

r\lIl fi ve times, with 19, '-13, 12 (c~mmon to aIL vqu samples), 

12 (co~n to all otqer samples), and 8 elements used in 
, . 

turne Clusters which for.med at high similarity levals in 

several of these analyses are listed in Tablé 7-IX. 

7.4 Distribûtions and origins of the groups 

7.4.1 Introduction 

In this section the composition of each group, as sum-

marized in Table 7-V~II, is examined for information con-

cerning the objects' îjplace of origine When samples- fram a 

single site constitute a large proportion of a group, that 
~ 

site becomes the-most likely candidate. Othe~ evidence, 

Buch as the nature of cextain samples or comparative analyses 

,by other laboratories, is also,brought to bear on this prob­

lem. Aspects of the overall distributions are discussed as 

welle 

7 • 4 . 2 Group M 

Keramidh~ki and Kor~kou account for all but one of the 

13 samp1es-attributed ta this gr~up.r is ~tron9 eVidenc~_ 
for an origin on the Korinthian plain. Its distribution 

away from the plain is limited to a single attribution at 
" ' 

.~ 

zygouriés and one association each at Phlious and Asine 

(plus'the,Mycenaean shèrd vou 507). 

.-

, , 

,; , 
l" 
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7. 4 • 3' Group N 

Once again, K~rarnidhâki and Kor'iou are t~e findsp~ts 

of tne.largest share of this group's samples, two-thirds of 

them in this case. Another quaTter ~er~ fo~d at zygouri's, 

with two samples at Phlious and one each at Tiryns, Lema, 

and vouliagméni. Although possible, an origin at Zygouriés 

is less ~ikely than one on the Korinthian plain because, of 

~l:le ~se resemblance ,between groupf! M and N for aIl elements 

except the alkalis, and because of the inclusion of VOU 503, 

a_Corint~ian-style miniature bowl. 

7. 4 • 4 Group 0 
'1 

Most of 'the samples ,in group 0 were found at Kerami'dh~i, 

making that site the most likely place of origine could 

Korikou have been uninhabited whi1e ~eramidhâki potters were 

expLoiting this clay source? It is diffieult to find support 

for such fine ehrono1ogical distinctions, sinee within group 0 

are samples fram the latast EH II phase at zygouri/s and an 

,early EH III phase at Lema, besides the majority from 
b 

Keramidhâki, which wa~ probably inhabited for a rela~ively 

short period during the middle of the EH II phase" c..Cherry' 1973, 

p. 12;1). ' This matter is further diseussed in section 8.2 .. 

7.4.5 GrouE P 
{ 

Samp1es belonginq to this group have a brqad distribution, 

Ke;amidha'ki ~ Korâ'koiÏ, 
. • l' witp, several being found at Zygourl.es, 

.~/, 

'-- , " , " 

r' 

.. t_il , 
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'C 
.' 

Phlious, and Lema. (Four VO~~iagm'ni samples, two from 

Mycenaean vessels and two EH l sherds, are associated with , 

this group and group R.) The zygouriés sarnples axe the Most 
. , 

numerous, making, that site (or one in ~ts vicinity) a"more 

likely .place of origip than any of the others for the, group' 

as a whole .. 
. , 

o 

7.4 • 6 Group Q 

Tï~ns samples make up 80% of the 43 samples in .this 

group, with six more found at Asine. Since al~ost aIl 

Early Helladic II and Transitional sherds sampled from 

Tiryns belong to this group, it May be called the Tiryns 
, . 

group par/excellence. The Asine samples wou Id then be 
2 

im~orts. It ïs curious that no Lerna samp~es belong to this 

grQup, even though two group Q sarnples have been found as 
~ far away as Korakou. Possible explanations for this are: 

discussed in section 8,.2'. 

7. 4. 7 . Group R 

~lthough both Asine, and Lern'a are represented among 

the samples of g~dup 'R, the f~pme~ site is the· more l~kely 
.~ 

sourçe 'f~r two r~aSon~. First of'all, the six Asine ~amples 

i~ this ,grqup represent a larger proportiqn of the Asine 

'analyzed ~total than the four Lema ones do of the' Lerna 

total. ,Secondly, among the A~?e samples lS the mud-brick 

fragment ASI·5. The five àssociated samples found at Lake 



o .. 

.. 
, ' 

Voulia~ni contribute n.o information, . since 't:heir orig~n 

is not copstrained to agree with that of the rest ~f the 

group. Th~ possibility st~ll exists, however, that 'some 

clay beds near Asine and 'Lerna are so similar that sam~l~s 

from the two sites have been,merged' into this one g~~up. 

7.4.8 _ Group S 
\ 

Five roud bricks, a modern clay, and two sherds., aIl 
, 

from Asine, constit~te thè 8 samples attributed to this 

-370 

"group. 1\ further" 3 Lerna samples a~~ 'a,ssociated with it, 

but they need. not share its definite Asineàn origine 

", t 

7 • 4 . 9 Group T 

Lema samples predominate in "this small group. They 
'" 

are sherds of several different periods, from early EH II. to 
, . 

,e.arly -.Middle Helladic, ~o that an o"rigin at least close to 

Lema is likely. It is disa~pointing, however, that ~o few 

Lerna samples are actually attributed to this group. The 

only group T objects not from the Lema excavations are a . 

pair of slipped-and~pol~shed sherds found at Korâkou. 

, , 
7 • 4 .10 . Group U 

Early Helladic III pottery trom Tiryn~ accounts for 

almost aIl the samples in group U, leaving little: doubt as 

to its origine A couple of sherds from the Korinthian . ." 

plain site,s are also included. 

" 

- " 



7.4.11 Group V 

Gro~p V contains ~~arly ~ll the. samples cons~ered in 

the earlier study to be. local prod'fcts of Lake Vo~liagm'ni. 
. \ 
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These incl~de the clay sample~, the mud bricks, and the rest 

of what had then been called group L.' A single sherd from 

Lerna"is the only object in this group Wot fOund at Lake 

vouliagmé'ni. 

'7.4.12 GrQup W 
,. J 

This collection is a1so equivalent to one from the 

ear1ier study, name1y VOU-Re Its membership i~ 1imited 

exclusive1y ~o Voulia~éni ·samples from Ear1y He11adic l . 
and II deposits, but the group ,inc1udes no objects pinning 

its origin to that site. Furthermore, there is no evidence 
, 

for associating it with any. of the sites included in this 

study. 

7.4.13 Comparative data .. -

Two' 1aboratories have ànalyzed reference collections of - . . 
pottery from the north-east Peloponnese, produqing data which 

are direct1y comparable to the ones in this studYi i.e." 

using the PerlDan-Asaro pottery as a standard. The creators 

of that standard have pub1ished analyses of both painted 

Corinthian sherds ("CRTH" l from .the seventh to the third 
~ . . 

centuries Be (,Farnsworth et al. 1977) and Late Iielladic IIIB" 

sherds ("MYCN") frolU 'Mycenae (Karageorghis et al. 1972) .. ' 

, . 
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A group from the Greek Nuclear Research Centre "Democritos" , 

(Grimanis et al. 1980) has analyzed sets' of Late Geometrie 

Corinthian (ItLGC") and Protocorinthian ("PC") shèrds as 

ref,arence materia.l for a study of "Thapsos Class" vases. 

The average composition of each of these four groups is 

reproduced in Table 7-I~. 
, 

Un fortunately, although these 

al~ demo~trate a general similarity to g~oups M to U, nO 

strong link between any of th~se comparison gr-oups and a 

particular Early Helladic group is evident. The group CRTH 
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"'f~ resembles Ù~e Korinthia clusters M, N, 0, and P more than , 

,) 

it does the Argolld ones (Q, R, S, T, U)i the opposite holds 

for the group MYCN. 'The two groups LGC and PC, ho~ever, 
'seem to be,closer in q6mposition to Argolid groups than to 

Korinthia ones. Ind~d,,' although one would expect them to 

resemble CRTH strongly, the~e are significant differences in 

'compos~tion for the eleme~ts Al, Ca, Sc, Hf, and particularly 

La. These differences limit the 'information obtainable from 
• 

the Berkel~y and the Démocritos dàta for fixing the ori~inS 

of the Early Helladic groups .. 

A research team at BroQkhaven" National Laboratory tBNL) 

has ,'been comJ?iling a' da:ta bank of pottery analyses for 
\ 1 • , 

severai yea~s (Harbottle 1976). Considerable effort was 
~ , . ~ 

recen~ly exp.enped in determining' conversion factors for 
4~ • 

reliable~in~ercamparison of those data and one~ obtained 

using the Pe~lman-Asaro anaIy~ical standard (Yen and 
-

Harbottle' 1981). These'factors (Yeh and Harbottle IgSl, 

/-

• 1. 

.. 
" ' 
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Table 9, here repraduced as Table 7-X) can be 'used ta convert 
J , < 

analytical data in the BNL hank to a form whiqh is directly 

9amparab1e to that generated in the present study. For each 

element the conversion factor incorpora tes bath the oxide 

.' gravimetric factor and the ratio (usually within a few percen~ 

of unitr) of the concentration in Perlman-Asaroostandard pot-
, 

tery as deter.mined at BNL to the value quoted by Perlman 
l' 

and Asaro (1971). 

Several data sets, fram the BNL bank'have been canveFted 

to McGill-compatible forme Some of these have been pub­

lishedi they ~re reproduced in Appendix B. Bieber et al. 

(i976b; see also 1976aJ have analyzed many Aegean and East 

Mediterranean samples, amang which are Mycenaean she·rds :from 
1 / 1 

Berbati in the Argolid and Ayios Stephanos in Lakonia, and .. . 
"b,lack-glazed" sherds from Tel!' el-~esi in Isra~l and fram 

Idatièn in Cyprùs. The'pr~sence in the ldalion and Hesi 

groups,of one black-figured and two red-fig~red sherds 

points, to an Attic origin for both groups, which are 
- "" compositionally very similar. This link i5 st-rengthened hy 

close compasitional matches wi th unpuhlished analyses c;>f . 

'Attic pottery found in the Marseilles area and of a reference 

group fram Athens itself lFi11i~res 1978)·. The set of 87 

sherds and other ceramic objects from the Sparta area, 

analyzed at BNL by Attas et al. (1982), for~ a~other strong 
o 

Greek reference group. 

, . 
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TABLE 7~X: Factors for Conversion Betwe 

,. 

Values Obtained b 

Rock and Asaro-~erlman Standa ds* 

Element oxide 

Na20 

K20 

Rb2~' 
cs20 

BaO. 

MIlO 

CoO 

ZnO ' 

SC20 3 \. 

cr20 3 
Fe2 0 3 
Sb

2
0 3 

La203 
sm20 3 
EU;2°3 

l, Yb b ., 
2 3 

LU20 3 
CeO' 2-
Hf02 

, ThO'2 
Ta20S 

~ 

, , 

. " 

Conversion factor 
(element to oxide) 

1.340 

1.164 

0.988 
];;050 

1. 215 ' 

1.339 

1.211 

1.586 
. ',' 

1. 611 

1. 299" -

1.437 

1' .. 240 

1.271 

1.347 

1.261 

1. 495 

1.215 

0.998 

1.161 

1. 625, 

tical ' 

* Data frpIn Y~h and Harbott1e (1981, Table, 9) .• 
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He11adic.material on a samp~e-by-samp1e basis using c1uster 

analysis. In order to reduce the burden of computation, the 
1 

MCGil1 core samples and ~he other McGirl samples were co~-
1 

sidered separately. Each set was clustered,with the entire 
1 

BNL comparative data set, consisting of 275 analyse~, using 
{ 

BMDP2M with'the standardization, Euc1idean-distance, anà 

certtroid-c1ustering options. The elements used w~re Na, K, 

Cs, Ca, Sc, La, Ce, Eu, af, Th, Cr, Mn, and Fe. (The Lake 
~ 

~oul~agm~ni data,_~açking Na and K values, had a1ready been 

compare4 extensively with BNL analyses in 1977; the only - . , 

resemblances found we~e between members of voullagméni 

group F and Berbiti sampies.l 'To-a large extent the BNL 

and the McGi1l samp1es formed distinct clusters, similar 

to those published by Bieber et'al. (1976b, Table IV, 

pp. 131-I33r and those Iïsted in Table 7-II1 respective1y. , 

In most cases links between samples from the two categories 

took place only ât high distance coefficients. There were, 

however, moderately close correspondences between a few 

sampI es from the Iargest Berbiti 'cluster and samples as-

signed to clusters N and P. The most telling simd1arities_ 

were between Lerna samp1es and Lakonian reference material. 

The samp1es LER 20 and 27 fram-the Lerna core were found 

withih the main Lakonian c1uster, while LER 18, 19 and 41 

resemb1e samples in that cluster less closely. 
, . Among the 

McGi11 out1iers, LER 22, 25, and 26 on the one hand, and 

, 
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-tER 23, and 30 on the, other, were found in two subclusters 

of the main Lakonian cl uster, {,ER 8 also resembles some 

~parta sherds, and LER 21 1s assoc~ated with the Attic 
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cluster (perhaps only because of its high Cr concentration). 

Two interpretations, not necessarily mutually exclusive, 

clan be put forth to account for the numerous analytical " 

links between Lema and Lakonia. Sherds may have been broùght 

to Lerna from the region of Sparta, or else the clay com­

. pos~tions atothe two locations may be very similar. The 

proximdty of the two locations makes both interpretations 
'-' 

"reasonable. The hearth of whiëh LER 8 is ~ sample is un­

likely t~ have travelled far (it was to~ big), as is the 

sherd it most clO5ely resembles, SPM 6, a fragment of a 

votive mask typical of the Sanctuary of Artemis Orthia at 

Sparta. Perhaps the two centres of prOduction of these 
, 

objects, at least, used clays-of very similar composition. 

Exchange between the two regions, however, ià a possible 

explanation for the 'ot'ner similarities. 

" 

... . . 

. , 

i . 

~ 
" J 
If 

L 
l 
! • 



o 

, . 

377 

OS'. DISCUSSION OF POTTERY PROOUcrION AND EX CHANGE 

8. 1 In traduction 
(::-~ ...... <.. 

Given the constitutions, origins, and distributions of 

the compositional groups as set forth in chapter 7, what can 

be said about Early Helladic trade? _ As was noted in 

section 1.6, quantitative results are not possible with 

archaeological material of this nature, but useful qualitative 

• 
deductions may still be made from the analytical data. The' 

results for the Early llelladic II reference objects - s,auce-

hoats and small bowls - are presented first, since those 

ob'jects ~orm the core of the study. These resul ts also serve 

as, a point of departure for examining the production and 

'exchlIDge of other ceramic material. The provenances of certain 

special wares are of particular interest because their modes 

of distribution may ~have differed from those, of the common 

"\ table ware. The final section examines the bearing of the 

~na1ytica1 resu1ts ~on ,the study of the transtition to Early 

Helladic III at three sites in Arga1is and Korinthia. 

8.2 Common Ear1y Hel1adic II table ware 
, 

8.2.1 Sauceboats and bowls 

The first step in studying the provenance of these 
,.. 

,objects was the modification of Table 7-VIII to include ,only 

Ear1y Helladic II reference material) i.e., the samples of 

sauceboats and small bowls in the finer paste categories 
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TABLE 8-I: Attributions and Associations of Ear1ï Helladic II Reference 
. 

Material: Sauceboats and Small Bowls , 1 , , 

Q . 
, Site: H..! KRK ~ PH L TIR AS l LE R VOU Totals 
Group' J 

M , .. 4 4 l ~-= ... , '." 9 
.> 

N 4 (2}.- a. a (I) 2 22 ( 3) 
-

o -
.. , 1 

1 il) . , (1L i 3 (2) 

P 2 _, .' . 3 1. 
C

3 9 

Q, 1 1. l 16 Cl) 4 22 (Il . 
R 4 2, a 6 

\' . 
l:i' , .. 1 1 . ~ , . 
T , 3 (1) 3 (1) . ~ ,,~ 

U 

V l 5 (1) 6 (1) 
T' 

W 
0 

reg. (l) ( 3) (3) (4) (2) (1) ( 3) (17) 
, , 

unass.... , (2) (1) (2)' (2) (3) (6) (1) (17') 
~ 

TOTALS 17 1.a 21. 8 20 13 19 7 123 _ ., 
, 

,"' 

Note: Associated,. "regional:",~and unël$signed samples are listed inoparentheses. .. ~ .... - - ~ 

~ 
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,{Table 8-I). The incidence of high numbers of samples along-
i \ .... " . 

artd near -the main diagona-l of thi stable i8 striking. It 
, 1 

implies fi:r:st of aIl .that the refer"ence samples from a gi ven 
1 J ~ " , -
site belong to a small numbe~ of groups,' and conversely that 

,eaéh group is made up of samples found at a smal~ number of 

s~'tes 0 ___ except for the pbsi tion of VOU, the order of the si tes 
, 

is rot1ghly <i.eogréiphical, from- north tc? sou,th. " The groups 

h~ve been labelled to ,follow this order. The fa'ct that almost 

every e~~ry i8 close'to the diagonal thereforè means.that 
-') 

alm:>st eyery obj ect has ~eèn fouhd close' ta i ts sUPPos,ed 

~lace of manufacture. E~changes have ta~en place'over short 

distances. onlyo The. tWQ exceptions ambng' the reference 

sherds are tER 28, which falls into v, the composition group 

characteristic of Lake Vouliagméni, and KRK 8, a member'of Q,' 
, 

J' the characteristic ·'l'iryns group. '. . 
,That certain composition gro~ps are characteristic of 

certain sites implies that these ~it~s at least ~ere centres 
• .. ,tJ 

-of production (or that the, 'centres l~y ,in their inimedÜltè 
. . 

geographic vicinity). 'In fact, aIl sites in thrs study with 

{. the exception of Phlious and possibly Zygouri~s aPl~ear to 

,have produced sauceboat~ and bowls" al.though, differentiation 
; ~ 

~~_,-, between Keramidhâki' and Kor~ou productions ~s nat possible ° 
~ , 

No composition type ·has been 'found ta be characteristic of 

Pnlious, and Zygouriés reference material includes sherds 
~.. . , 

,,~ ~ 

~elOnging to five groups, more than any Qther sitè (but See 
- / -
~/-. ~elow):' 

re- 1 

~ '1/' 
f 

, . 

\ 

- ---. --- ----~ 



" 

o 

... ;---~,-, 

" ' , , 
1 3ào 

Lake Vouliagmêni and 'riryns were the most se'rf-sùff~cient' 

centres, each producing a1most; the entirety o'E its 6WI'l 
, 

arch~logical reference group. At ,Tiryns, i'h fa ct , no 

pottery ~from any of the other Argolid g~O'llPS (R, S; or T), 'was 
, ' . 

'among the ,EH II sherds sampled. In contrast, severai group Q 

(1,e., Tiryns) reference sherds were found at Asine, where 

material fram groups Rand S is considered to be locàl. A 

couple of _th~ Lerna re'ference' sherds also belong to group R. 

I~ seems that Lerna received pottery from a/variety of sources 

(P, R, V) in addition to probably producing its own (group T). 

Pottery' of group Q, however, i5 conspicuously absent from 

Lema. 
• 

The proportion of sampl,es in the "regional" and 

"unassigned" c:ategorf.es variés from site to si te and serves as 

a reminder that ceramic materia1 from only a small fràction of 

the -'known Early l;Iellad,ic II settlements has been sampled. 

Many other settléments-m~_hav~produced pottery, sorne of 

which would have ended' up at.-o~ sites. For ins-tance, since 
, 1 

six out of the ~ight Phrious reference ob,je,cts. could not be 

attributed to a group, it is likely that they 'were made at 

production centres elsewhere than at one of these sites. 

They do not forro a coherent group,-indicating that several 

sources may be involved, perhaps including one or more at 

. , 

Ph).ious itself. A high proportion of uiiiis-Sl:'gJiedSaiilpleSIs' --------
. 

found among the Lerna ref,erence material' as weIl.' Three of 

these samples tLER 22, 25, 26) forro a s~alJ cluster , 

" 
" 

4 ________ ' ___ • __ ,"""-__ -~" 

, 
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(sectiop 7.3.3), similar to the one called LEROUT-B2 in 
, " 

section 6.3.7. > The origi-n of this cluster is not evident.' 

Since'Lerna • is on the edge of the region being cbnsidered, , , . 
it is'quite possible that objects such as t~ese were ~rought. 

from production centres outside the region. Border sites 

would of course be-more susceptible to this occurrence.than 

ceritr~lly-Iocated ones. G+oup W at Lake V9uliagméni clay also 

fall into this category. 

Because two ceramic forros were used'to'constitute the 

archaeological r~terence groups, it is important to check 

that similar results are obtained from bath of them., V is 

possible that one production centre might specialize in the 

manufacture of bowls and another in the manufacture of sauce-

boats. Examination of the constitution of these reference 
. . 

groups, however, reveals th'at both the sa uceboa ts and the 

bowls at every site are divided among the one or more 

analytical groups represented at that site. The. treatment 
, 

of ~hese two forma in combination is therefore .justified. 

8 .. 2.2 LadIes 

This situation i5 in'marked con~rast to that of the 

ladle samples. Because the semifine ~aste and Urfirnis slip 

of,many ladle fragment~ resemble those of the sauceboats and 

bOwls, several samples of ladIes had been taken to~serve-as 

. supplementary referefice material. T~is was the case partic­

ularly for PhIiQus, from which the number of sheFds available 

" 
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for sampling was limited. 'A glanc~.at Tablé a-II 'shows that 

8 of the 12 ladIes sarnpled belong ~o a ~ngle group, namelY P. 

Three of the unattributeo ladIes are the ones frorn.Keramidhdki 
, l '. 

and'Korakou; the fourth is the only coarse-paste specimen' 

sampled from Phiious. The,origins of these'four samples are 
. 

,unknown. In contras~, group-P ladl~s are found at Zygouriés, 

Phlious, and Asine. At the last two sites, group P is 

~epresen~ed only by the ladIes, whereas reference sherds and 

other objects belonging to that composition group are aiso 

present at Zygouriés. Even though only a smail number of 

'samples is involved, the analyses point to zygouriés as the 

origin of the-group-p la~les, and by extension, of the rest 

'of groùp r·as w~ll. This agrees with, and therèfore supports, 

the indications of sections 7.2.4 and 7.4.5, which had been 

reached without cons~dering the archaeological nature of the 

samples. 

~hip distribution pattern, namely a single production 

centre supplying three widely-separated sites, is unexpected 

for an obje~t apparently so simple to manûfacture. Since 

there is evidence that ladIes were not used throughout the 
, 

whale of the Early Helladic II phase, but only in its earlier 

stages (Blegen 1928, pp. 96-97; Frodin and Pers son 1938, 

p. 224), perhaps tbe distribution reflects a trade patt~rn 

not maintained till the end of EH II. The long duration 

,of bh~t phase means that changes in the pattern of pottery 

production within EH II would not'be surprising. 

J, 
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TABLE 8-II: _Attributions and 

of LaçUe Samp-les 

Samp1e Group 

KE~ ·22 reg. 

KRK 29, l 

\ 
30 

ZYG 28 p* 
" 
" 

29 p* , , . 1. 
~ -

30 P* 

PHL 2 p* 

3 ,=-p* 
f 

~ 4 (M) 

~ , 

1 

5 p* 

18, p 

1 
ASI 18 P 

Î 

, . 

) 

Associations 

Paste 

coars'e 

coars~ 

4" 
f~ne 

fine' 

semifine 

semi,finé 
. -

fine ... ' t, 

semifinè 

coarse 

sernifine 

mediùrn 

fine 

\. 

. " 
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s.i.s Change~ within EH II 

At several sit~s the stratigraphy and the storag~ of 

,finds were sufficiently clear that samples could be taken 

of objects'from ~arly and from late deposits within Early 

Helladic II. Altbough no exact contemporaneity is clai~ed 

between deposits at the various sites, ana~yses of reference 

material from the two deposits at each site can be examine~ 

for possible changes in co~position and att~ibution. The 

Zygouriés samples ZYG 21-30' come from one of the earliest 

deposits there, whereas ZYG 7-20 are abjects from a house 

of the latest EH II occupation. Similarly,' at Lerna, 
'~ 

LER 12-20 are common sauceboats and bowls from the earliest' 

EH II q.eposit ("pre-filIn) at that site, whereas LER 21-30 

came from the House of the Tiles, the final building of the 
~ 

Early ~elladic II phase the~e. In addition, of the three 

phases sampled at Tiryns, one is definitely EH II, one 

clearly EH III, and one a Transitional phase falling between 

the two. 

'. The attributions and associations of th~se samples can 

be found in Table 7-VI. 'Differences between early and late 
. 

384 

.' 

deposi ts are greatest at Zygouriés., The most frequent at- 1 

'tribution of the early obj,ects is P, even if the 3 ladle 
( ~ . 

'samples are excluded. Among the late sherds, however, group P 

is not even represented. In~tead N is the pre~ominant group. 

A si~if~cant change in' the utilizat'ion of clay resources ~ 

, or ceramic products has clearly taken place. 
~ 

The nature, 

.- -- ~------- - - ~-- --.- ............... -. 

1 
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causes, and implications of. this' 'ôhange are unfortunately not 

so clear. If groups P and N are correctly assigned' origins 
, , 

at Zygouriês, and on the Korinthia~ plain respectively, then 

it appears tha~ Zygouriês was no, longer manufacturing sauce-

boats and bowls at the end of the EH II phase there. Instead 

they were being imported from sorne distance to the north. The 

extent and apparent importance of the EH II settlement at 

Zygouriês, however, stressed by' (~ong others} Hope Simpson 

, and Dickinson (1979, -p .• 66), encdurage bne to think that 

pottery-making might be a likely actlvity throughout that , ' 
phase. 

. «, 
Could the clay source used· for pottery of group ~. '. 

, > 

" , , 

have been located at sorne point partway between the Gulf of' " , 

K6rinthos and Zygouriês, and exploited by bath groups of 

P?tters? Or w'as the change rather one of commercial pat­

terns and activity? It 'is difficult ta tell~ 

At Lema the data are confusing. Only 9.of the 19 
~ 

reference sarnples are assign~d ta groups, and several groups 
, 

are represented among the ?bjec~s of bath the early and late 

deposits. No use fuI ded~ctions can be made from these 

results. At Tiryns, on the other hand, t~e results are 

,straightforwàrd: there was no èhange in clay exploitation 

between EH II and~the Transitional phase. 'Both sets of 
1 

,samples.t TIR 1-20 and TIR 31-45, belong almost exclusively 

to~he compositional group Q, local to Tiryns. 

, These comparisons between early and late deposits serve 

to'e~phasiz~ that Early Helladic II was a long phase, duiing 

" , 
,~---
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which some changes in pottery manufacturing and distribution 

patterns doubtlessly occurred~ ~he investigator has only 

limited control over ±he chronological factor, h?wever, since ' 
.. 

it is not yet possible to correlate sub-phases within EH II 
! 

from site to-site. At a g~ven site ,interestlng diachronie 

variations may be discovered, as they have been at Zygouri€s, 
~ 

but it is difficult to relate thern to trends occurring at 

other sites. The overall study of EH' II trade must rernain 

to a certain-extent chronologically imprecise, with the resurt 

that diachronie fluctuations in patterns of producingjacquiring 

pottery at- individual sites are averaged out over the period 

as a whole. The qualitative information obtained on produc­

tion èentres-and the, distributions of their p~oducts is 

nevertheless both reliable and useful. 

, 
8.3 Special wares 

-8.3.1 Fine s"iipped-and-polished ware ' 

Fourteen examples of this ware, described in section 4.4, 

were analyzed. Their attributions and associations are shown 

in Table a-III. . The only striking feature oi that table i8 L , ~ 

the frequent occurrence of upattributed samples: there are , 

seven of them, whereas. no more than two samples among the' 

rest are attr1buted to a single group. Table 7-IX can be 

consulted to determine which of ~he unattributed'sarnpl~s are 
, 

similar. Th~ pair KER 68 and 69 1 which very probably c~e 

from a single sauceboat, ,of course resemble each other' 

...... 

--:;...-~ 
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. 
G ;- TABLE a-III: Attributions and Assoèiations of the 

, , 

Fine Sligped-and-Polished Sherds 

Sample' GrouE Form 

KER 68 sauceboat 

69 sau,ceboat 

KRK 16 T· sauceboat 

17 T wall sherd 
" .. 

'18 reg. bowl 

'TIR 26 N ·sauceboat 
, 

76 ? s6iuceboat (base) 

. 
ASI 21 R* wall sherd 

27 - wall sherd 

31 reg. sauc:eboat 

LER 40 sauceboat 

" VOU 160· sauceboat 

4,21 {Q} bowl 

. 510 wail sherd 
, 

t 
1 , • 1 

r· . 

," 
, . 

S4 

0 . 
~ 

~ 

,1 • 
~, 

'li 
\ .. t . - ~ ~~_ -,-...,-,0,.- _ ---. _ , -.--,-_ ....... --..... - .. l . 

-; - --:.~ ~~-_ ... ,\' .~-- "-' 
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strongly. Together w~th them is'· found the bowl sample ~YG 17, 

also unattributed. The only other.small cluster with sqmples 

of this ware is made up of KRK 16 and 17 and ~SI 31. The 

'Qpjects in this cluster may have an origin in the Argolid, 

since the first ~wo samples are attributed to T. The other 

samples all have different compositions, only a few of which 

match the inter-site reference groups., This-implies that 

many centres produced vases,of this ware, and that most of 
= 

thesé centres (or at least their clay sources) are.not ones 
. 

included in this study. Perhaps the major production centres 

were located outsige the r~gion covered, with a small pro-

,portion of imit,ations. having been fashioned within the 
, 

region. In any· case it appears that the technical expertise 

required to make f~ne slipped-and-polished ware was not so 

. 'esoteric as to be restricted to one or two specialized centres 

of px:oduction, as w1as postulated in se,etion 4.4". 

8. 3. 2 Animal 'representatïons 

~he ten samples of figurines, animal-shap~d vases, and 

vases with animal-shàped handles or 'spouts present a varied 

set of proven~nces (Table a-IV). The ram-vase and fish-vase 

fr~ Lake vouliagméni werè both mad~ with local clay .. Groups 
• 

M and N are represe~ted by quadruped figurines from 

Keramidhru and Corinth. The animal:-head handle from Phliou's . 

and the two Zygouriés sau~eboats with ram's-head spouts are 

aIl unattributed. It ~as unfortunately not pdssib~e to 

1. 

'" . 

< ' 
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TABLE a-!v: " Attributions and Associations "of the 

Animal Re12resentations 
1 

.. 

Sam~.l,e GrouE ~ 
~' VOU 108 v* .. ram-yase 

114 v~ 'fish-vase 
, . 

" .: 

KER r 65 (N) quadruped J , 
, . 

66 N* quadrupec;1 " 

tt 
0 
. KOR 1 ~* quadrupèd 

2 ram 

PHL 1 animal head 

ZYG 1 -- sauceboat with 
) ram 1 s-headed spout 

( 

'" 
i ~, sauceboat wi,th 

ram t's-headed SP01:lt' 
" 

, LER 49" "~ 

'P' ram " 

.' ~'\'" 

- \Î<' 
" 

4 

, , 

.' , 

, 1 
\ " 

-i 
'{ 

i ' 
! 

f 
l , . 

'" 
1; 

0 1 
" 
i . ~, 

, 
''1 

1 '.' 

. , 
.' 
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sample the similar examples from Tiryn~ (Müller 1938, pl. V). 

Finally, the ram figurine LER 49, which rèsembl~s so strongly 
1 

KOR. 2 (unattributed) from ancient Corinth, belongs to group P • 

. As with the slipped-and-polished sherds, it seems that many 
• f) 

production centres were involved. 

8.3.3 Unusual sauceboats 

The sauceboat is the EH II vase form which shows the 

widest variety in surface treatment and decoration. The 

analyses of fine slipped-and-polished sauceboats have been 

discussed in section 8.3.1, and of ones with ram's heads in 

section 8.3.2. Three other sampled sauceboats are painted . 
'­

with diagonal strokes or hatched triangles aroun~the inside 

of the, rim: KER 67, KOR 3,,' and PHL 10. These are r~specti vely 

attributed to P, unattributdd; and of regional (i.e., general 

Argol:ic/Korinthian).· composition '(Table 7-VI). ~o more 

bear applied strips of clay pèriodically indented to give 

. a "piecrust" effect: LER 11, associated with S, and KOR 4, 

of regional compos~ti0n (and a,member of Ke~aIDidhiki cluster 

~ 

, 

E of section 6.2.2). The sauceboat fragment ZYG 3, decorated , 

with rows of short impressed dashes, belongs to group P and 

so is 11kely ta be a local Zygouriés product. On the other 

hand, ZYG 4, the tall neck fragment of a closed vase with a 

spout in the forro of a sauceboat, ls chemically most similar 

to the Tiryns group Q. 'Finally, a high foot is rarely found 
~ 

on a sauceboat (or other EH II forro, for that matter) from 

'4 

.:..,. 

, .. 

, 
1 
) 

1 
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the Peloponnese, but severai have been sa~ed, not aIl 

definitely from sauceboats. KRK 3 and 4 and KER 68 aIl have 

unusual compositions and so are left unattributed, but ZYG 24 

belongs to group N. It .might have been possible to 

) 

1 J 
say if any f the~e objects had been imported from central 

Greece, where high bases ,are more common (Weinberg 1937, 

p. ,518 note 3), had analytical reference groups been avail­

able from that region. 

8.3.4 Coarse wares 

8.3.4.1 Introduction 

Samples of coarse-paste vases were taken beCàUS~ If was 

hoped that they would provide additional data to establish 

reference compositions for eacn s~te. It was expected that 

the larger domestic pots had been made not far from their 

place of use and, ultimàtely, their findspot. It now 

appears, however, that the distor.ting effect of temper is 

sufficient to obscure the connection between the coarse and 

the fine wares produced at a single site. • This, at least, 

is a more acceptable hypothesis than the one that aIl the 
1 a 

coarse wares .we~e made at'a cornpletely different set of 

production centres in Argolis and Karinthia or elsewhere. 

In any case, for sites fram which bath fine and coarse ~wares 

were sampled in quantity (Keramidh~i, Kor~kou, Lerna), the o . 
majority of the coarse-ware samples did not have compositions 

which fit the analytical reference composition(s) for that 
~ ------

, , 

" 

. ~ 
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i 
f 
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v 

site (see chapter 6). Lake Vouliagm~ni is the exception. The .. 
proportïon af unattributed an~ regionally-attributed VOU 

, . 
, • Ç) 

samples
o 
is low compared ta those at other sites (Table 7-VIII), " ,'~ 

av~n·though many of the ob~ects s~~led had c~arse 'or medium 
, 

- ~·~~tes. Perhaps this occurs because at that, si te the paste 

~ppears, on the average, to be coarser than at other sites, 

ev~n for archaeological reference materiql. Another possible 

explanation .. is that in ,Lake Vouliagrn~ni pottery ~he inclusions 
, 

., or t~mper h,ave a composition more similar to the clay matrix . 
than. is the case at other sites. 

This second hypothesis corresponds to the second possible ' , 

. effect of addition of temper; discussed in section 2.3. It 

has not been observed at any otner site. Neither has the 

. first possi~l-e·'eff,ect; ,name~y, a.lproportional deèrease in 

elemental 'concentra~ions caused by dilution of the cera~c 
, 

paste with inert (i. e., relatively pure) tempering materi:al.' 

This was discussed explicitly in section 6.3.5 with regard 

te the Tiryns group U, and"checked in samples from other 

sites as weIl. Had the t~er con~isted of pure quartz or 
.' 

calcite, the difutlon effect would have been evid"ent.· The 

presence of a more complex ~terial would distart the con­

centr\tion'values too greatly to permit a mathematical 
) 

reconstruction of the untempered clay's composition (unless 

the :i)nclusions could be separately analyzed; see se"ction 9.2). 
f . 

,r/" The analyses of coarse-paste material nevertheless serve 

to organize,these objects inta groups of similar composition 

", 

, { 
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~ 

(and thus provenance). The nature of some of the objects is 

such' that a knowledge of their provenance or, at least their 

cornpositional cousins would he interesting. The remairder'l' 

of section 8.3.4 d~als with'these objects under the ca~ies 

of decora~ed vases, domestic objects, and construction 

~terial. 

1 • 

8.3.4.2 Decorated vases 

Two sampled sherds from pithoi (large storage jars) 

f,'bear illlpressions from a roll :;tamp. In fact;., ZYG 6 and LER 7 

have'been decorated using the sarne stamp, sinee even tne - . 
fl'aws in the im~ressions aré identical. CaS'key (1959, p. 206) 

bas hypothesized that an itinerant potter. made both pithoi 

(as weIl as. one found at Tiryn.s, for which permi,ssion to 

sample could not be obtained) using the locally-available ,-
c1q,y in each case. This hypothesis is ~supported by the 

analyses 1 which attribute 'ZYG 6 to group p' and LER 7 to 

group R. Group P is c10sely associated with Zygouri~s, while 

group R has connections with both Asine and Lerna (see 

section 7. 4 ."7) • 
tf , 

The origins of the discoid ceramic objects known' as 

Rfrying pans" hàd been investigated' in the ear1ier study' of 

Lake Vouliagmêni materia1 (Attas 1975, p. 101). Three of 

them, vou 608,'611, and 612, be10nged to VOU-R, 50 it fol1ow~ 

that they are now fou~d in the corresponding group, n~e1y W • ... 
The samp1e VOU 601, whieh had been contaminated by ~illing, 

'----
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~~ 
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is now also attributed to group W. VOU 607, previously part 

of VOU-F,' is here designatêd "regional" 1 as are many of the 

other VOU-F membèrs. -(ALI the sampled Vouliagmêni pans come 

from Early Helladic l levels there.) From sites other than 
-

Lake Vouliagméni, only-one pan was sampled: KRK 35. It is 

not associated with any group. Since the origin of group W, 

is not known (section 7.4.12), it is posslôle to say only 

that most of the sampled frying pans have a cominon origine 

Sev~ral other coarse vases bear unusual decoration. 

KER 60 and 61 are two sherds, probably fronl the, sam~ vase', 

with applied clay strips zigzagging across the exter~or. 

Since they resemble à vase found at Eutresis (Goldman 1931, 

p. lOS fig. l39), a Boiotian (i.e., dirferent) composition 
) 

would not be unexpected, but ï~stead they belong to group N. 

KRK 36 closely resembles a vase illustrated by Blegen (1921, 

p. 5 fig. 3 no. 7) in' its patt~'rn of lustrous black sÜ.p 

and bands of incised rope decoration. It h~s a regional 
, " 

composition. Two sauceboat sherds_, LER 11 and KOR 4, have 

coarse pastesi ,as stated in section 8.3.3" they are respec­

tj.vely associated with S and of regional composition. 

8.3.'4.3 DoJlle~tic abjects 

The compositions o~ four t~es of abjects are discussed' 

under this 2 heading: "baking pans Il,, Il fire-dogs", wei ghts, 

and hearths. 'Ï'heir forma have been described in section 4.5.1" 

Apart from- VOU 105" local to Lake Vouli~gmêni, none of the 

v~ ___ ..,..._ ...,_ ...... _~ ___ ~ .. 

, , 



, 
<. 

o 

395 .. 

six pans sampled was attributed to a- group. Instead, KRK 31 

and 32 are of regional eomposi tion, while KRK 33 and KER 45 

and 62 remain unattributed. KRK 33 is a member of the multi-

site cluster (Table 7-IX) which corresponds to the original . 
, K~ramddhiki cluster E (section 6.2.2). The last two forrned a 

separate cluster in those analyses. Their similarity had 

been noted in section 6.2.7, where their unusual temper was 

. characterizéd as "sand?" by eye but Il abundant g~ass Il by 
, 

petrographie observation. These are the only two pan sherds 

of this study with paste of that appearance. 

, ; The situation of the, 3 sampled fire-dogs 1s analogous, 

with KER 23 and 26 forming a cluster but KER 27 staying a 

member of the original cluster E. None of thern is attributed 

tO any of the inter-site groups. ....... -
The two sampled w~ights, -KRK 37 and PHL 14~ resemAe 

neither each other-nor any of the groups. The' sample Most 

similar to KRK 37 is KRK 48, sorne soil taken from the plug-

ged hales of'.KRK 37. It is therefor: likely that the un­

fired KRK 37 is'a local Kor~kou product made with earth not 

~esembling (or not treated the same way as) the pott~r)s 

clay (s) used in' that region. 

The situation of the three sampled hearths 'from Lerna 
, . 

(LER S, 9, 10) is analogaus to that of the weights. They .' , , . 
res~le nei ther'~rny . of t~e groups 

, l .,-.,' .... ~ 
''-_/ . '\ 

\ 
" 1 • 1 l;r_..-

nor each other. 
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8.3.4.4 Construction materia1 

Construction material was samp1ed as an ai~ ta for.ming 

\, .reference ,g'roups which could be attributed without question 

to specifie sites. This app~ach was successful for Lake 

396 

vouliagm~ni and Asine. In both cases clay samples (VOU 010-016; 

ASI 22) and mud-brick samples {vou ~01-206; ASI 1-6) could be 

used to link groups V and S respectively ta the se sites. 

The single mud brick ASI 5, which is a member of group R, 
/' 

supports an origin at Asi.ne for that group. Analyses of 

simila~ samples at Lema, however, were of no help. Neither 
~. 

the clay LER l nor the mud bricks LER 5 and 6 matched any of 

the reference groups. LER 6 did fall into the same cluster as 

LER 31, 32, and 34, thre'e of the fi ve clay sea1ings from the 

House of the Ti1es. These 4 objects are judged" therefore, 

to have been fashioned from loca11y-available earth. This 

earth may have been used ~r the other two sealings as weIL, 
1 

since large variations in its composition are to be expected. 

1 LER 33 at least resembles the -others if the dilution caused 

by its extra lime content (Ca concentration of 25% against . . 
about 4% for the, others) is taken into \consideration (At~as 

.. 
1980, p. 69). Three tiles from the House of the Tiles, 

LER 2, 3, and 4, were again different in composition. At 

Lake Vouliagméni; in contrast, both the single tile sampled' 
(l 

('VOU 115) and the single sealing fou,nd (VOU' 113) could be 

attributed to the ~oca1 group. 

. ' 

____ ~wt _ ~ _ • 

\ 

<, 

" . , 

'" ''1) 
1 . --~------. 
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,8.4 The transition to'Early Helladic III 

Barly Helladic ·III sherds were sampled from three sites: 

KorAkou, Lerna, and Tiryns. Two patterns are apparent f~om 

a rapid inspection of the attributions. At Koràkou apd Lerna 

the EH III s'herds fell into a n'wnber of different groups" 

many qf them made up primarily of EH II material (Table a-V). 
. , 

At Tiryns a separate cluster, U, of pr~marily EH III objects 

has'been formed. Closer examination reveals that the 

.situation (is more co~plex, as the sampling criteria were not 

comparable in the two cases. 

TwO styles of pattern-painted ware were produced in' the 

Early Helladic III period: dark-on"'light and light-on-dark. 

The first is said to be more common in the peloponnese, 'the 
, , 

second in central Greeee (see Donovan 1961 and section 4.3.2). 

LER 46, the only Lerna sherd painted in the light-on-dark 
, 
style, is also the only pattern-painted sherd left unassigned. 

Among the other pattern-painted Gherps sampled from Lerna 
<0 

and Kor.~ou, groups N, 0, P, Q, U, and (8) are represented. 
\ ' 

Surprisin~~y, ~t is the two Kor~kou sherds ,KRK 4~ (dark~on-
il. 

light) and KRK 47 (light-on-dark) which belong to Tiryns 

~ groups (U·and Q respeetively), while LER 42 and 43 be19n~ to 

the Korinthia ~roups N and 0 respectively. rn fact KRK 47 
<'fr 

is found' in the ~e cluster (of Table 7-IX) as -ZYG 4 ·and 27 

and TIR 'l, Il, 33, and 42, 'a subcluster of the main Tiryns 

compositional groqp. Both kRK'46 (the 'other light-on-dark 

sherd samp~ed fram Kordkou) and KRK 43 belong to grpup P. 

......... -_. -"-,-=--=" ---~--~_._:':_~--_::_~-=--:;--=---~~--:-:: ... ,.--
[ 
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. TABLE 8-V: Attributions and~ Associations of Early 

Helladic III and EH II/III Transitional 

Samples fram Tiryns, Lerna"and Korâkou 

, 
Pattern-painted ware Pol:i:shed bow1s 

LER 42 N dark-on':"light LER 41 T* 

43 0 '1 • 47 R* 

44 reg. Il 48 (S) 

TIR 79 reg., 
45 (S) 

46 
BD (R) 

KRK 42 N* dark-on-:-light, 81 reg • 

43 P " 82 R 

44 N 
fi /, 83 -

45 Ul fi ' • 84 reg. 
<> 

: . .." 46 ' P light-on-dark 
.. 1 
r·· ~, 47 Q " 

Tiryns Transitional 
Other Ti;Xns EH 

TIR 56 u· 
l,II,S'71es ,EH II/III samp1es 

--TIR 31 - Q~ Qowl Jar , 

57 u· If 32 Q* 'l 
, 

58 (U) " 33 Q If 

59 U· " 34 'Q* " 
60' tu*} " 35 Q*, " 
61 U· " f ' 36' Q* '. 
62 u· " 37 Q*" " 
86 u*,' . fi • ' 38 U* " 
75 . Q* ? sauceboat ·39 , Q* ' .. , 
76 " 40 Q* " 
71 cr* . sauceboat" - 41-=-- Q'. sauBebèlat , , ~ 

85 Q*. plain bowl 42 'q' " 
87 U . p~ted bow1' 43 Q* " 

88 U·. 
." 

Il " 4~ 'Q* tÎ 

, ' 
45 ,Q* " 

70 pyxis. 

73 Q* ouzo cup 

,74 Q* Il " 

, - -

1 

J 

.Ii' 

---------------

: 
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In sl)ort;, there is evidence for a number of production' cen tres 

in both the Argolid and Ko;inthla, decorating EH III vases in 

both pattE7rn-painted style's. The unusual composition of 

LER 46 indicates that importing of light-on-dark-painted pots 

may also have taken place. 

Polished grey bowls are another ceramic type ch~~eri~­

tic of EH III at -Lerna and other sites (Caskey 1960, p. 286). 
) 

Three of these were sampled from Lerna: LER 41, 47,. and 48. 

They were assigned o~ the hasis of their' compositions to 
l " 

groups T, -R,. and '(S) r#Specti vely.' The Tiryns sampl~s 

TIR 79-84 are also sherds of this ware. Except for TIR 83, 

.which remains una~signed, they were aIl of r~gional composi­

tion, including one attribution to ~nd one associa~ion with 

group R. TIR 79, 80, and 82' are particularly similar 

(T~ble J-IX). Almost aIl the examples fou~d at these'sites, 

then, need not have come from outside the Argolid. 
, 

Examples of several other EH III wares were sampled at' 

Tiryns. The jars covered wi th a, thin brown or '.blac;k slip 

are the mo'st numerous of these. TIR 56-62 and 86 are all 

'attributed to, or as·sociated 'wi th group U. In fact they 

constitute just over half of the groupls members. The link 

between u'and Tiryns is~thus'well-establish~d (sèe section' 

7 ~ 4.10 L. Several more Tiryns samples, aIl from EH III or 

Transitional deposits, helong to this group. TI'R 87 and 88~ 

two bowl rims with painted decoration on theîr broad.lips, 

are among these. Also included are the Transitional (EH 1I-

t 
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style) bowl rim TIR 38 and the sauceboat rim TIR 77, from an 

EH III level. Two other EH III sherds (TIR 75 and 76), 

probably ~auceboat bases, are respectively attributed to Q 

(the main EH II Tiryns group) and unattributed.- TIR 85 is 

the rim of an EH III plain bowl also attributed to group Q. 

In fact, almost aIl of the Transitional sherds belong to 

tpat group. Most of these are EH II-style sauceboats and 

bowls (TIR 31-45), but the two EH III-style "ouzo cups" 

{TIR 73 and 74) are also members. Tne only Transitional 

sherds not rnembers of-Q are TIR 38, mentioned above, arid 

TIR 70, a pyxis fragm~nt suspected ~f being a Cycl~dic 

import (H.-J. Weisshaar, personal communication 1980). The 

composition of the pyx~s is unlike any others encountered 
~ , 

rn ~sstudy~----

, We '~Y summarize the results conc~rning the EH I~I 

S~Pl~~tt~rn-p'ainted sherd's sampled at Korikou and 

Lerna have ituxed, but almost entirely regional origins. At 

~iryn~, samp~d sherds ~frorn the EH II/III Tr~nsitional phase 

,(sau,ceboats 1 owls, and "ouzo cups ") belong to the same , 

group as the JajOri~y of the BH ~I s~erds, ~ely Q. No 

f ' pattern-painted sherds, from Tiryns were sampled, 'but the' 

.. 

, brown-slipped jars of the EH III phase belong to group U, 

apparently characteris~ic of that phase at Tiryn~. polished 

) grey bowls of that phase, howeyer, do not belong to group U, 

baving a va ri et y Of regional compositions instead. This 

evidence, adrnittedly based on a small number of samples, 

., 

-



o 
'. 

sU9gests that' at Ti:i:yns the changes -in pottery production/ 

acquisition patterns which ac~ompanied the beginning of.the 

third Early Helladic phase were more extensive than those at 

Lerna or KorJkou. 

' . 
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9 • CONCLUS ION S 

9.1 Summar;x: and contribution to knowledge 

~ study has been made of ceramic trade 'in Barly Bronze , 

Age Greece. Powde~ed ,samples were tàken from 255 object.s of 

the Early Helladic (or EH) II and III periods found at 

Keramidh~i, Korikou 1 Phlious, Zygouriés, Tiryns, and Asine " 

in the provinces of Korinthia and Argolis. Instrumental 

n,eutron activation analys.i..s was used to detèrmine, with 

respect to the Perlman-Asaro standard pottery, the concen-

trations in t~ese samples 'of the elements Na, K, Rb, Cs, ~a, 

Al, Sc, La, Ce, Eu, Yb, Th, Ti,' Hf, V, Cr, Mn, Fe, and Co. 
, , 

Analytical data from previous studies of pottery found at . ' 
two'other sites in the same region, Lerna and Lake VOUliagmén~ __ 

- (per':'kho'ra; .- were ~nc~u~ed in die dat~-i-nte"-pretation phase:- ~--.-:-­

Multivariatemethods, including cluster analysi;(and step-
, 

wise discriminant analysis, were used to form and compare 

analytical reference groups and to assign othe~ samples to 

these groups. The distributions or selected pottery types 

, were used to propose centres of production for many of these 

'groups. 

The fo11owing inferences couid ~e made from these 

distributions. 

1. Ordinary EH II table ware (sauceboats and smail bowls.) 
, . . 

'" 
was produced at aIl the sites in this study'except 

perhaps Phlious. 

" 
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2. Distributions of ,these vases among the site's 'studied 

extended in most cases from each production centre only 

to the neighbouring sites. 

3. Sorne ~ari~tions in the distribution patterns within the 

~H II phase are evident at Zygouriés. 

4. Ceramic lad~es, characteristic of the earlier part of that 

phase, seem to have had fewer centres of production,-
" . 

arnong which one at or fiear Zygouriés figured prominently. 
o ' , 

,5. Samples of various special wares from EH II levels,' 

incl~ding slipped-and-po~i~hed sherds, ani~~ reprèsen~ 
, 

, , 
tations, and pattern~painted and other unusual sauceboats, 

often had compositions, different from those of the table 
" wares. They were therefore made of different clays, 

probably at different production cent,re,s wi thin or out-

side the region studied. 

, 6. Coarse wares in general (exc'ept those at"-r;ake--vouH-agméni) 

. . , . 

, 1 

could not be attributed to production centres,· but in 

thelr'c~se it is likely that the added temper bas distorted 

~he compositions top greatly to allow reliable attribu-
. , 

trons'ta be made • 
, ' 

:::: .... 

. 
A?alytical data wera'produced, for EH III material from· 

. . 
Korâko~,'Lerna; and Tiryns, with the fOllowing implications. " 

, " , , 
.".. 

7. Pattern-painted sherds, sampled at Korikou and Lerna'have 

'8. 

. 1 
mixed, but almost entirely regional oiigins • , . 

- '. 

At Tiryns, sampl,ed ~herd~ from the EH IIlIII .. Transitional 

phase' b~long to the ~ame gr~:)Up as the majori:t:y of the 
" 

. " 
• 

. \ , 

, 
, , 

• i 

r 
, ~ 

" 

1 
1. 

] 
L 
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EH II sherds. 

9. Brown-slipped jar~ at ,Tiryns belong ta a separa te gr.oup,' 

10. 

Il. 

, , 

apparently characteristic of the EH III phase there. 

Polished grey bowls of that phase at Tiryns and Lema, 
1 .' ' 

..... on~h~ other hand, dd not belong ta that group but have 

a variety of regional compQsitions. 

This evidence, admit~edly incomplete, suggests that at 

Tiryns the-changes in pottery. production/acquisition 
" . 

patterns which accompanied the beginnirig of the EH III 

phase were more extensive than those at Lerna ,or lat 
1 Korakou. , 

9.2 Suggestions for future r~searë:h . @ 

This pEoject could be extended in severa~ directions. 

The geographical caver age could be broadened to include EH II 
t 

sites' to the north, .'in Boiotia and Phokis; ta the east, in 

Aig~~a and Xttio~; ta the south-west, in Arkadia, Lakon~a, 

and the rest of the Peloponnese: and ta the south-east, in 
0' ') 

the Cycladic islahds. 
ifJ • 

This' would re.d~ce. the proport'l.on of 

''',border'' sites (see section 8.2.1), which would pe' more 

lik~ly than "central" si tes- ta recei ve imports from" sources 
;~, 

. outside the region under consideration. Even within ~golis 
/ 

and Korinthia it should eyentually be possible ~o'obtain 

permission ta sample material from more sites, thereby 

potEmt~ally ilnpFoving the short-range aspect of this trade 

study. A study on that scale would requiré certain improve-

.. 
\ 

'h 

, , 

o 

" 
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ments in methodo~ogy. Specifically, larger numbers of refer-

ence sampl~s would be needed (resembling the selection from 

Tiryns, sampled' in 1980, when the methodology was more 

developed th an it had been in 1977, the year when most of the 

samples were taken). In fact, more samples of every kind 

would lead to more secure statistical arguments and more ( 

reliable conclusions. One aspect deserving of particular 

considera~ion is the linking of chemical reference groups 

to specifie locations. 'The analysis of modern clay samples 

has occasionally been useful in this respect (e.g., at Asine 

, , 
~ 

and Lake Vouliagm~ni) and should be continued where possible. 0 f 

,one approach that has. not yet been tried is the analysis of 

kiln d~bris. Although no Early Helladic kilns are known, 

material from later periods may be available, and would 

provide firm links between composition ty~es and specifie 

production centres, perhaps applicable backwaFds to the 

EH II phase as weIl. 

The extension of the study of regionàl exchange to 

earlier and later periods is aiso feasibie. The commercial 

history of a few sites where habitation continued over a 

long time-span could be examined through analysis of pottery 

from successive strata. The degree of similarity between 
1 

the patterns of trade, during the three phases of the Early 

Helladic period is of particular interest. A problem which 

has recently sti,mulated much discussion (see section 4.2) rs 

-. the -nature of the transition between EH II- and EH III. 
_J , 

\, 

i 

\ 

1 
. ~-
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Tracing the origins of the new pottery type,s which appear 
, 

.abruptly in the archaeological record at sites along the 

east coast of Greece and in the Cycladic is1ands is~ a task 

to which provenance determination by chendcal analysis 'is 
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Ji~---~- ~ . , ' 
weIl-sui ted. Thé forms, surface treatments, and pastes are 

at present undergoing careful study .(Eutte:f 1979; Barber and 

MacGi11ivray 1980), so that typo10gical evidence can be 
. 

used to full advantag~. in selecting the samples and inter-

preting the results. 1 . " Key site~ inc1ude Lema, Ay~a Mar~na 

,in Pho~is, Lefkand! in Euboia, Ay{a Ir{ni on Ké'a, and other 

cycladic'sett1ements. 
CI .. 

At each one the local reference 

'composition(s} wou1d ne~d to be de~ermined and compared to 

the comp~sitions of' the vat'ious Barly Helladic and Early 

Cycladic II wares. 

,The final 'set of extensions to this' work may ult:imately 

be the most inÎportant. These àre the t~chnical studies; 
\ -

1 .. • 

ï. ,~., verific;:ations' of, and impro\Tements to, differ~nt 

aspeèts of ~he .method of provenance determination itself. 
\ 

While various tests have been made of certain assumptions of 

the ·method (detailed in' chapter 2) f there i s a need for more 
( 

comprehensive; research into tlle validity of' these assumptions 

under a ,variety of conditions. Careful work is now being 

carried ou~ to verify sôme of these by the C011egium. 

• Archaeometricum, a team at the University of Toronto. Tests 

of the eft'ect on pottefy of heat '(Franklin and Hancock 1979) 

and of o s~~lated burial (Franklin and Hancock 1981; Aj,dacic 

, ' 

~, --
, . 

1 
i 
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and Franklin, personal communication 1981), as weIl as the 

influence 'of different,sample sizes on analytical results 

'(Hancock 1982) haye already been carried out. 'Close cpntact 

with)groups such as this~, in order to cho~se priorities 

and to avoid duplication Df effort, woulc;l seem to be thE} 

L most efficient route to making these verifications. 

One technical consideration of particular interest to 
, , 

this researcher is the distribution of the elements wibhin 

• the ceramic p,aste. Heterogeneity on different scales such 

as·between su~ace,and core ,or between inclusions a~d ~trix 
• fI· ~ 

pro duces dis~ortions and uncertainties in the analytical 
( . 

- , 

results ta ranging degrees., ~thodS of ,chem:ï-cal îmagi.ng and 

magnification, such as X-ray fluorescence analys~s using a 

scanning electrop microprobe, X~radiography, neutron 
\ 

, . 

acti vation autoradiography, and low-energy' gamma radio-" 

graphy with microchannel plates" should p~ovide info~ation . 
wi th high spatial resolution on elemental di'stributïons 

within &~lecteà sherds. The ~ffect of temper in particular 
~ , 

could bè i)hvestigated more direc weIl, bYInechank-aL__ " 
l' , ', ~ ~ ------.--___ 

or magnetic separation , ,uhe gràins from carefully crus1fed " 

sherds, to those employed in preparing 

for thermoluminescence measurements. Ali 
(J' , " ~ 

erstanding of th~se effec~s' might( permit the application 

of mathematical transformations to the concentration d~ta in 
, 
J 

order to reduce or eliminate the influence of added temper 

or natura l incl usions on the gro~ping proced~res. Study of 

\ è 

.: 
" 

t 
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.the correlations between elemental concentrations should play 

a -large part in devel,oping th~se mathematic~l techniquè'~. 

Archaeometry ±s a youthful discipline; it is fortunate that 

with youth come the boundless ~nergy a~ confidence necessa~ 

t9-meet the many challenges that faée us. \ 
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The samples a~e listed alphabetically:by site name. The 

" concentration (in ppm or ~er cent, as noted) of each element 

in ~ach samp,le is followed by the value of the imprecision 
---- Q 

" 

" 
arising .from counting statistics only, expressed as ± la • 

Elements enclosed in parentheses represent less-precise 
" 

determinations or ones which may be unreliable (see text). 

The cobalt and tantalum concentra.tions have been corrected 

for drill-bit contamination. 

Zero entries indicate either elements not determined (by 

GANOS or in the earlier McGill work) or concentrations 
l' 

below,dètection limits. 
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1. 
1 

1 , l 
\. -
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SAMPt.E 

"SI 
ASI 
ASI 
"S 1 
'St 
ASI 
1\51 
A St 
ASI 
A'H 
ASI 
.\51 
"SI 

A. SI 
ASI 
ASI 
ASI 
ASI 
ASI 
.\SI 
'sr 
A SI 
ASI 
"SI 
"SI 
4sr 
451 
ASI 
ASI 
ASI 
451 

~ 

t 
2 
J 
4 
S J' 
6 
7 
R 
') 

la 
11 
12 
13 
1. 
15 
16 
17 
18 
1<;1 
20 
21 
22 
24 
25 
26 
27 
31 
32 
33 
34 
3S 

". 

AL (XI 

0.00 
0.00 

'0.00 
0.00 
o.DO 
5.71 

10.63 
9. 00 
1'1.24 
B.3? 
7.97 
7.71 
0.00 
0.00 
7.11'1 
6.54 
0 .. 00 
7.19 
0.00 
B.14 
7.19 
0.00 
8.42 
1'1.37 
7.B6 
9.16 
9.29 
7.213 
8.23 
7.38 
7.20 

0.00 
0.00 
0.00 
0 • .,0 
0.00 
o.o:! 
0.05 
0.05 
0.05 
0.04 
0.04 
0.04 
0.00 
0.00 
0.04 
0.04 
0.00 
0.04 
0.00 
0.04 
0.04 
0.00 
0.06 
0.07 
0.06 
0.06 
0.01'1 
0.06 
0.06 
0.06 
0.06 

MG «X) 

0.0 
0.0 
0.0 
0.0 
0.0 
2 .1 

~ 1.9 
?7 
2.1'1 
2.7 
2 .4(\ 
2.1 
0.0 
0.0 
2.6 
2.6 
0.0 
2.0 
0.0 
2.2 
3.0 
0.0 
2.6 
2.2 
2.2 
1 .2 
2.3 
2.4 
2.8 
2.3 
2.5 

0.0 
0.0 
0.0 
0.0 
0.0 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.5 
0.0 
0.0 
0.4 
0.4 
1).0 
0.4 
0.0 
0.4 
0.4 
0.0 
0.3 
0.3 
0.3 
0.3 
0.4 
0.3 
0.3 
0.3 
0.3 

CA (X) 

0.0 
0.0 
0.0 
0.0 
0.0 
2.7 
2.9 

10.7 
10.5 
1.2 
6.2 
3.1 
0.0 
0.0 
5.4 
6.9 
0.0 

11.3 
0.0 
0.5 
6.9 
0.0 
3.5 
2.0 
7.1 
0.5 
4.6 
2.8 
0.9 
9.5 

Il.0 

0.0 
0.0 .., 
0.0 
0.0 
0.0 
0.2 
0.2 
0.3 
0.3 
0.1 
0.2 
0.2 
0.0 
0.0 
0.2 
0.2 
0.0 
0.3 
0.0 
0.1 
0.3 
0.0 
0.2 
0.1 
0.3 
0.1 
0.3 
0.2 
0.1 
0.3 
0.3 

1.-

v (P"'" 

o. 
O. 
O. 
O. 
o. 

7,". 
t133. 
179. 
166. 
13fl. 
140. 
137. 

o. 
o. 

127. 
96. 

O. 
121. 

O. 
125. 
t;) o. 

O. 
Il 9. 
120. 
127. 
155. 
154. 
119. 
120. 
11:! • 
Il''. 

O. 
o. . c. 
o. 
O. 
3. 
5. 
4 • 

" . J. 
4. 
5. 
o. 
o. 
:3 • 
:! • 
O. 
4. 
O. " . <1. 
o • 
<1. 
<1 • 
4. 
4. 
6. 
4. 
4. 
" . " . 

11 (~. 

o.cc 
O.OC 
O.CO 
0.00 
C.OO 
O • .JE 
C.6(; 
C.49 
0.45 
C.61 
C.51 
0.49 
C.CO 
0.00 
0.47 
0.4:! 
C.-OO 
C.57 
C.OC 
0.55 
C.4/1 
C.OO 
0.52 
C.4e 
O.4~ 
0.62 

'C.!:4 
0.42 
C.50 
C.4~ 
C.4E 

0.00 
0.00 
0.00 
0.00 
0.00 
0.03 
0.04 
0.04 
0.03 
0.03 
0.04 
0.07 
0.00 
0.00 
0.04 
0.03 
0.00 
0.04 
0.00 
0.04 
0.04 
0.00 
O.OJ 
0.02 

- 0.03 
0.03 
0.03 
0.02 
0.02 
0.02 
0.02 

'< 

(N~' (t:J 

0.00 
0.00 
0.00 
0.00 
0.00 
0.70 
1 • Pl 
1.4',1 
0.46 
1.18 
0.78 
0.26 
0.00 
0.00 

~0.86 
0.18 
0.00 
0.43 
0.00 
1.13 
0.86 
0.00 
1.09 
1. '03 
0.81 
0.31 
0.69 
0.90 
1.20 
0.18 
0.82 

~ 

~ 

0.00 
0.00 
0.00 
0.00 
0.00 
0.02 
0.02 
0.02 
O.O~ 
0.02 
0.02 
0.01 
9.00 
0.00 
0.03 
O.OZ 
0.00 
0.02 
0.00 
0.03 
O.Ol 
0.00 
0.03 
0.02 
0.02 
0.02 
0.03 
0.02 
0.02 
0.02 
0.02 

NA (%, 

0.820 
0.731 
0.742 
0.820 
0.762 
0.700 
1.130 
1.420 
0.460 
1.\40 
0.760 
0.280 
0.947 
0.667 
0.870 
0.730 
0.686 
0.460 
1.023 
1.090 
0.810 
1. 3~6 

.1.166 
1. 086 
0.868 
0.340 
0.703 
0.991 
1.2l4 
0.857 
0.666 

0.007 
0.006 
0.006 
0.006 
0.006 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.007 
0.006. 
0.010 
0.010 
0.006 
0.010 
0.008 
0.010 
0.01'0 
0.009 
0.003 
0.010 
0.01)3 
O.OOZ-
0.002 
0.002 
0.002 
0.003 
0.003 

" 

't 

K 00 

1.50 
1.52 
1.60 
1.70 
2.41 
1.81 
2.82 
1.00 
2.73 
2.1:10 
2.39 
2.07 
2.61 
1. 'il> 
2.75 
2.29 
2.17 
2.28 
2.57 
.3.13 
2.67 
t .68 
2.93 
2.94 
2.47 
1.'82' 
3~~'1". 
2ô:"JO 
2.'7;3 
2.'36 
2.21 

0.08 
0.01 
0.07 
0.08 
0.09 
0.16 
0.09 
0.0 7 
0.06 
0.10 
0.07 
0.12 
0.09 
0.07 
0.08 
0.01 
0.08 
0.10 
0.09 
0.36 
0.,15 
0.,0 8 
0.18 
0.14 
0.15 
0.09 
0.09 
0.08 
0.1 1 
0.13 
0.l4 

o 
.. 

JCN (PPMJ 

789. 
15'0. 
794'. 
853. 
927. 
760. 
990. 

1 \ 00. 
990. 
5.30. 

1110. 
1331. 
762. 
782. 
75~. 

1035. 
1015. 
825. 
906. 
54 •• 
95l. 
797. 
669. 
7iJ7. 
968. 

1517. 
670. 
766. 
136. 

1013 .. 
974. 

~. 
4. •• 4. 
5 .. 

20. 
20. 
10. 
14. 
10. 
16 • 
4. 
4 .. -
5. 

11. 
18. 
6. 

18. 
5 • 

16. 
22. 
5. 

14. 
13. 
16. 
19. 
20. 
14. 
14. 
16. 
15. 

; 

()' 

9~ 

oQ. 
W 
tA,) "f (,: " \', b. • ~ ~'" ,0 
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1 0 ~ 
! 

.! 
i 

t 
,,.~ 

SAI'tPLE 

'St 1 
ASt :! 
"sr 3 .-"sr 4 
"'SI 5 
-'SI 6 
"SI 7 
"SI A 
~or;l 9 
... ·H 10 
ASI Il 
11.51 12 
'SI 13 
ASI 14 
,1\51 15 
"SI 16 
II.SI 17 
o\sr 18 
ASI 19 
1151 20 
11.51 21 
451 22 
"St 24 
"'SI 25 
"SI 26 
'st 21 
ASI 31 
"SI 32 
... SI 33 
",SI 34 
A "il 35 

'h 

(U, (Pl''''' ('SC' 

0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 O. a 0.0 
1.6 0.6 0.0 
1 .1 0.4 0.0 
~.6 o.a 0.0 
Z.8 C.6 d.o 
2.1 0.4 0.0 
2.5 l.t 0.0 
1.7 0.6 0.0 
0.0 0.0 0.0 

~:~ c.o 0.0 
O.e: 0.0 

1.5 0.3 0.0 
0.0 0.0 0.0 
2.5 0.4 0.0 
0.0 0.0 0.0 
2.7 0.6 0.0 
1 .9 G.7 0.0 
0.0 0.0 0.0 
2.5 0.5 22.0 
2.,9 1.1 20.8 
2.6 O.c; 20.6 
3.2 0.5 21.9 
2.5 0.6 23.4 
2.2 0.5 20.1 
3.9 1.2 20.3 
1.9 0.7 Z 1.2 
2.2 0.1 20.0 

'\ 

--

(PFM) 'W (oPPIoII LA (PPM) 

0.0 34. !. 2~.~ C.5 
0.0 22. 3. 24.2 (.5 
0.0 25. 4. 2<;.3 c.s 
0.0 (7. 3. 27. a (.5 
0.0 28. 4. 29.1 c.s 
0.0 4. 1. 27.3 (. " 
0 .. 0 126. 3. 15.2 C.5 
0.0 12. 1 • 33.7 C.6 
0.0 2C>. 1. 34.1 C.4 
0.0 40. 1. :l 0;. 7 C.6 
0.0 45. 1 • .:!S.4 (.5 
0.0 29. 1 • /l'I.e C.'I 
0.0 22. J. 35.9 C.é 
0.0 33. 5. 29.9 c.s 
0.0 31. 1 • 31.7 C.5 
0.0 22. 1. 28.2 (.4 
0.0 37. 5. 2<;.'" c.s 
O.C 9. 1. 32.8 (.4 
0.0 20. 3. ~2.!; C.6 
0.0 68. 2. 37.4 1. 1 
0.0 9. 1. Jo.e 1. 1 
0.0 '2. 2. 22.9 C.6 
0.<1 160. 4. 35.C; C. c: 
0.4 225. 4. :l2.4 C." 
0.4 173. 4. :lCi.7 1 • .3 
o.:; 157. 2. !:5.0 C.3 
0.7 52. 2. 4C.Q 1. e 
1.1 7B. 2. 35.0 c.s 
o.!! 174. 3. :!9.9 c"c: 
0.4 100. 3. 33.4 C.S 
0.4 30. 1. ~2.e C.5 

'. 

e;' 

~ 

• ( 

(~M' (PP'41 YB (PP"" (LU' (PP"', "'5 

~.7 0.2 2.7 0.5 0.23 0.05 10.8 
1.1 0.2 2. 1 0.5 0.27' 0.05 5.0 
~.O 0.2 2.5 0.5 0.31 0.05 8.1 
~. 1 0.2 4.0 O.i; 0.32 0.05 4.6 
!.6 0.2 3.() 0.5 0.29 0.05 6.5 
4.8 0.1 2.8 0.1\°.4 2 0.17 4.7 
4.2 0.1 2.7 0.4 0.41 • a • 11 5.9 
~.2 0.1 J. \ t.l0.]6 0.11 2.4 
4.7 0.\ .!.tJ 0.1 0.45 O.OB 7.7 
5. 1 0.1 z.~ 0.4 0.44 0.12 4.1 
:.5 0.,1 3.2 1. 1 0.~3 0.13 9.4 
7.0 o .1 .J.1l 0.0\ O. 1 0.11 15.3 
J.c; o.a J.d 0.6 0.38 0.06 3'.6 
1.6 0.2 ~ 3.' 0.5 0.31 0.05 2.5 
!.2 0.1 1.8 0.3 0.37 0.11 2.7 
4.9 O. 1 2." 0.4 0.4" 0.12 5.2 
9.<;; ;).z 2.7 0.5 0.36 0.05 '1.0 
!:.6 0.1 2.4- O •• Z 0.50 0.09 4.3 
7.0 0.2 Z.6 0.5 0.38 0.05 7.0 
f.O 0.1 2.6 0.3 0.51 0.09 5.6 
4.6 0.1 2.'lo ' 0.3 0.43 O.OB 1.9 
S.7 0.2 2.7 0.5 0.22 0.05 7.7 
~.2 0.2 2.9 o.e 0.42 0.14 5.1 
4.6 '0.4 J. ') 0.4 0.20 0.17 5.0 
<1.6 0.\3 2.5 0.4 0.33 0.14 t3.6 
~.1 0.2 3.8 0.3 0.61 0.12 15.6 
~.2 0.2 2.6 0.6 0.57 0.22 Bol 
~.6 0.2 2.Ii 0.4- 0.27 0.14 1 1. e 
4.2 0.4 3 • .1 0.5 0.01 " 0.18 8.9 
~.9 0.3 z.o 0.3 0.40 0.16 7.4 
4.8 0.2 2.4 0.4 0.32 0.12 12.3 

1 
~ 

.. 

(PPM' (SB) 

1 • 1 0.00 
1.0 O~OO 
1.0 ~o.oo 
t. 1 0.00 
1 • 1 0.00 
0.9 0.70 
1.0 0.34 
0.6 0.60 
0.0 0.64 
0.6 0.91 
1. 1 0.48 
1.0 0.76 
1. Z 0.00 
1.0 0.00 
0.7 0.42 
0.9 0.50 
1.0 0.00 
0.8 0.55 
1.2 0.00 
0.7 o.ao 
0.9 0.40 
1.4 0.00 
0.8 0.64 
0.6 0.65 
1 • 1 1.12 
0.7 1.3e; 
0.(; 0.94 
1 .0 1 .1 .. 
0.8 0.90 
0.9 0.88 
1.4 0.87 

J 

, ~ 

... 

(PPM' 

0.00 
0.00 
0.00 
0.00 
0.00 
o.zo 
0.16 
0.1<,) 
O.lZ 
0.22 
0.21 
0.14 
0.00 
o.OQ 
0.16 
0.17 
0.00 
0.12 
0.'00 
0.14 
0.1 1 
0.00 
O.le 
0.21 
0.19 
0.14 
0.43 
0.21 
0.z5 
0.21 
0.1<; 

'. 

0/=:10 
lU 

"'" 

"'""\ 

'" 
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J 

S"''4PLE RB CPP"', CS (PPM' ceA' cpp"" 

1.51 1 133. 54. 3.9 o.e; 0<. O. A SI' ' 2 J8. ll. J.o o.e o. o. AS( 3 157. 61. 2.0 o.e o. o. 
"'SI " 124. .. S'2. 2.7 0.8 o. o. A <;1 5 99 .. 46. 5.0 •• 1) O. O. .0.51 6 66. 7. 3.4 O.f: 682. 45. ASI 7 71. 9. 5.4 o.!; 278. ~~ ASI 8 104. ~·9 • '0.8 o.~ 0224. ASI 9 16~. ' 9. 8.3 O.E 373. 4<;. 
" SI 10 152. '8. 6.4 o.s 320. 42. Asr II 137. 9. 6.9 1« 1 690. 5.2. 
... 51 12 140. 11 • '/P1.7 0.5 423. 43. A SI 13 152. E2. 6.9 1.1 O. O. ... SI 1" 116. -El. 6.5 I.e o. O. 
ASI 15 148. 9. 9.5 o.!: 416. lta. 
"SI 16 10:3. a. 4.8 o.: 485. 45. 
'151 17 ,r6S. ES. 3.S 0.9 O. o. A sr 18 t 31. 10. 10.4 1.4 38a. 61. 
-"sr 19 99. 48. !.2 1.0 O. O. ... sr 20 145 • 14. 6.5 0.4 793. 66. 
~Sl 21 106. 22. 5.4 O.~ 907. 61. 
~S 1 22 96. 44. 2.8 O.E O. O. 
ASI 24 1 16. 15 ; 6.1 O.E 391. S8. 
"''SI 25 1 27. e. 6.7 o.~ 455. 73. 
"SI 26 105. II • 4.3 0.4 1233. 136. ASI 27 122. 14, 7.1 1.1 173. 64. 
~')l 31 206. 24. ç.J 1.7 O. O. 
ASI 32 lZ8. 12. 6.4 O.~ O. O. ASI 33 133. 15. 6.6 1 .1 224. 84. aos 1 34 96. 14. ..6 0.4 337. 69. "St 35 86. 29. 3.9 0.4 273. 104. 

'" .) 
~ 

,.. 

-..,-- - ---.,. - -----

\1 
1: 

~ 

/"", 

SC (PF'4 , ; CE (PP,",) ... 
!t.1 (. 1 SE.3 2.0 
15.6 C. l, 4Ç.1 2.0 
16.4 (.1 61.5 201 
15 •• C. 1 ~e.o 2.1 
19.2 O. 1 SE.s 2.2 
If.4 0.2 70.1 4.ç 
2e.2 (. 1 ~4.J 1.4 
22.5 C.I 74.9 l.5 
;>3.9 C. 1 7e. Z' 2.0 
19.8 O. 1 <; 7. 7 .J.CI 
20.7 C.2 8e.4 4.2 
22.e o. 1 too.O 2.2 
19.3 C.I '':.5 2.4 
17.5 C. 1 150.3 2.1 
20.5 C.l 71.0 1.8 
16 ... C.2 E4 .. 3 3.5 
le.9 C. 1 5S.7 2.2 
19.3 t.l 61. ç 3.3 
1 ..... 0.1 59.9 ,.2 
17 ... ( • 1 el •• 2 ... 
20.2 0.1 71.<; 4.2 
l!!. a C.l 41 •• 1.9 
21." (. 1 eC.5 3.1 
20.3 C.l 7<;.2 2.6 
20.4 (. 1 ee.s 6.3 
22.2 C.l 9E.7 5.6 
23.7 0.2 e7.2 3.7 
19.5 C. 1 Be.e; 2.6 
20.7 0.1 <;4.7 5.7 
20 •• C. 1 le.3 2.8 
1<;.5 Co 1 7e •• 2.4 

~< 

, 

.. 

EU Cpp,",) 

1.07 1) .11 
0.85 0.09 
0.92 0.10 
1.00 0.10 
1.29, 0.12 
1.06 0.09 

• ~.35 0.12 
1.12 0.09-
1 .. 06 0.09 
1.36 O. 1 1 
1.36 0.11 
1.71 0.12 
1.18 0.11 
,.32 0.12 
1.21 0.10 
1.07 0.08 
(l.98 0.10 
1.17 O. 1 1 
1.06 0.11 
1.13 0.07 
1.19 0.12 
0.90 0.10 
1.31 0.11 
J • J J 0.12 
1.14 0.08 
l.e5 0.10 
1.41 0.1 J 
1. :14 0.29 
1.03 0.06 
1.28 0.09 
1.30 0.10 

TH 

7.5 
7.1 
8.3 
'8 •• 
8.1"1 
7.1 
2.9 
8.2 
e.3 

10.4 
8.8 

10.1 
10.1 
9.4 
8.5 
6.8 
8.2 
8.0 

10.5 
la. a 

7.2 
7.8 
9.1 
8.3 
8.6 

Il.6 
9.9 
8.8 

tO.8 
800S 
7.9 

( pp"" 

0.'8 
O. s-
0.8 
0.8 
0.8 
o.z 
o.~ 
0.3 ..... 
0.3 
0.3 
0.3 
0.3 
0.9 
0.0 
0.3 
0.2 
0.8 
0.4 
0.9 
o.? 
O.J 
0.8 
0.5 
0.2 
o •• 
0.5 
0.6 
0.3 
0.5 
0.4 
0.4 

li 

'Il 

.. . 

• 

~ 

" 

..<c 

"'" w 
VI 



• _:s:ca ; $2 : $IlIJ5i 2uail q weit ZQt2SU::S us. 4JJ2 gUi 44&.34144!'* SiJ .2 ;Pi4q.A~Jt.4J l.Q!QJW2iat%Q!$4AC$I'9' $$ 4JJ4SU a .lit 5 ; ••• , ... ~il!tI!t..tJ,g;;;;t!A;a;;;$!!44Mtz:c:uzx;; .' 

o '- ~ 

0. 

! 

fi' , 

S"MPLE HI" (l'PM) (TA) (l'PM) • CR (l'PM) FE U) CO CPPM) (Nil (PPMJ 58 (l'PlU, 
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0.25 1330. 
0.15 1601. 
0.13 ·-1 10'6. 
0.12' 1780. 
0.06 S6Q. 
0.11 1008. 
0.14 1844. 
0.27 114B. 
0.Z3 1758. 
0.12 1344. 
0.06 1238. 
0.11 (1023. 
0.10 1196. 
O. 00 965. 
0.07 1249. 

'0.081160. 
0.09 934. 
0.10 1885. 
0.\0 1228. 
0.11 1272. 
0.11 1211. 
O.OT 645. 
0.09 763. 
0.13 1613. 
0.22 IJSS. 
0.05 887. 
0.07 934. 
0.05 665. 
p.OB 647. 
0.10 1266. 
0.06 1121. 
0.09 672. 
0.00 1" 84 ~ 

20. 
20'. 
17. 
19. 
18. 
19. 
16. 

"16. 
20. 
20. 
17. 
21. 
19. 
16. 
17. 
18. 
ZO. 
19. 
18. 
t7. 
20. 
18. 
2Z. 
1 1 • 
22. 
2'Z. 
19. 
17 •. 
2-3. 
19. 
20. 
Zl. 
18. 
16. 
17. 
22. 
16. 
18. 
19. 
15. 
16. 
12. 
15. 
12. 
11. 
17. 
13. 
17. 
15. 
14. 
12. 
12. 
IJ. 
14. 
14. 
IJ. 
15. 
1Z. 
IJ. 
14. 
10. 
10. 
16. 
15. 
lZ. 
12. 
la. 
la. 
14. 
13. 
1 1 • 
15. 

""" W 
-....J 

--

Il 

: 
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SAMPLE 

kER 1 
KER 2 
KER " 
KE~ • 
KER '5 
KER 6 
KER 7 
KF"l S 
KER <) 

KER 10 
"-FR Il 
KEA 12 
KER 1::3 
K""R 14 
KER r 5 
KER 16 
KER 17 
KER '" KFR 1<) 

KER' :>0 
'KER t.' 1 
Kl"R 2:> 
KER 23 

, KFR 2" 
KER 25 
Kr" 26 
KCR 27 
KER 2" 
KFR 29 
KER 11 
KrR ~2 
KER 31 
J< F.R 34-
KER 15 
KFR 31) 
IC ER 37 
KER 36 
KFR 39 
KE~ "" KE'R 41 
KER 4:> 
KER "3 
KER ~~ 
KER ~5 

KER 46 
KER" 7 
KER "6. 
KrR 4') 
KeR 50 
KER St 
KFR 52 
Krn ~3 
KER 54 
KFR '-5>; 
KFI~ 56 
KEn 57 
KER SR 
KER· 5<) 
KER 60 
KE'R 61 
KER 62 
Kl:n 63 
Kl"R 64 
KE~ 65 
KER 66 
KEA 67 
KER (,/\ 
"ER 69 
KOR 1 
ICOR ? 
KOR 3 

lU) (PPM) 

0.5 
0.5 
0.7 
0.6 
0.1 
0.8 
0.6 
0.7 
0.6 
0.6 
0.7 
0.6 
0.7 
0.8 
0.8 
0.6 
0.7 
0.7 
0.6 
0.6 
0.5 
0.5 
0.5 
0.0 
0.5 
0.6 
0.5 O., 
0'.9 
0.5 
0.7 
0.6 
o.a 
0.7 
0.7 
0.4 
0.6 
0.7 
0.6 
0.4-
0.4 
0.6 
o.~ 
0.7 
O.J 
1.0 
0.6 
1.0 
0.3 
0.4 
o.a 
0.7 
0.8 
0.7 

1 SC) (PPM) 

.?".6 0.5 
?I.I 0.5 
19.1 0.4 
2·\03 0.4 
20.4, 0.4 
23." \ 0.4 
26.6 1..1.1 
20.a 0.5 
26.1> 0.3 
24.7 0.3 
25.1 0.1 
22.<) 0.2 
1.9.7 0.3 
23.4 0.3 
26.0 0.3 
2~.4 0.3 
22.0 0.3 
25.9 0.3 
19.s 0.2 
1 B... 0.3 
21.\ 0.5 
17.1 0.6 
16.2 0.2 
16.6 0.2 
16.6 0.6 
17.0 0.6 
18.7 0.3 
13.2 0.3 
21.6 0.3 
21.1 0.4 
72.9 0.9 
21.'; 0.4-
22.6 0.4 
23.9 0.4 
21.5 0.3 
22.4 0.4 
20.0 0.7 
lB.6 0.3 
19.4 0.3 
2\.40.:3 
23.') 1.0 
21.7 0.4 
19.t 0.3 
17.'\. 0.:1 
16.'1 o.:! 
26.3 0.5 
19'.6\ 0.3 
25.8' 0.4 
21.9 0.5 
19.1 0.5 
20.9 o· ... ' 
18.6 0.3 
18",3 0.5 
23.5 0.5 
16.7 0.4 
23.6 0.4 
16.60.3 
22.6 0.3 
22.3 0.4 
22.J 0.3 
15.5 o.~ 
:!0.9 0.7 
20.5 0.4 
20.4 0.7 
23."3 0.5 

'19.0 0.5 

w IPP"', 

<> 1 • 
102. 
59. 

2"1. 
50. 
14. 
9. 

24. 
27. 
9. 

15. 
eo. 
10. 
21. 
15. 
20. 
9. 

22. 
13. 
24. 

103. 
253. 

6. 
267. 

43. 
4. 

52. 
286. 
295. 

7. 
52. 

C. 
21. 
3. 

12. 
30. 

O. 
6. 

"33. 
61. 

. 18. 
13. 
4.3\ 
1 ~. 
72. 
6. 

:l0. 
16. 
10. 
23. 
16. 
32. 
16. 

\22. 
12. 
2.3. 
10. 
1". 35. 
79. ' 
15. 
56. 

191. 
64. 
26. 
35. 
86. 

3. 
2. 
2. 
J. 
1. 
1 • 
1 • 
1. 
2. 
1. 
2. 
3. 
1. 
2. 
3. 
2. 
1. 
1. 
1. 
2. 
3. 
3. 
1. 
4. 
1. 
1 • 
1. 
4. 
4. 
1. 
2. 
o. 
1. 
1. 
1. 
2. 
o. 
1. 
2. 
3. 
1. 

-el. 
2. 
1. 
2. 
1. 
2. 
2. 
1. 
1. 
1. 
1. 
1. 
Z. 
1 • 
1. 
1. 
1. 
-2. 
2. 
1. 
2. 
". 3. 

L4 (Pp,",) 

Co. 6 
0.5 
C.4 
C. '" 0.4 
C.6 
0.6 
1.2 
C.5 
C.5 
C'.5 
0.4 
1l-.5 
1.5 -
0.6 
0.4 
C.4 
0.4 
C.4 
0.4 
C.4 
C.3 
C.4 
C.4 
0.4 
C.3 
0.4 
0.4-
0.4 
C.5 
0.5 
C.S 
C.5 
C.4 
C.4 
0.4 
C.4 
(. " 0.4-
0.5 
C.5 
C.4 
C ... 
1.0 
0.3 
t.5 
C.4 
0.5 
C.6 
1.2 
C.5 
C.S 
1. 1 
C.~ 
C.5 
C.4 
1.3 
C.4 
C. " 
C.4 

(SK) (PPK) 

5.6 EI.l 
5. '7 0.1 
!:.6 0.1 
5.4 0 .. 1 
5.2 0.1 
4.9 0.1 
~.5 0.1 
5.4 0.1 
~.6 0.1 
5.1 0.1 
,54.00.1 
5.0 0.1 
5.0,5 0.1 
5.5 0.1 
e.2 0.1 
5.6 0.1 
e.5 0.1 
5.1 0.1 
4.7 0.1 
S.O 0.1 
5.8 0.1 
5.8 ",0.1 
~. 3 0.1 
4.7 0.1 
4.6 0.1 
3.9 0.1 
5.6 0.1 
e.l 0.1 
5.0 0.1' 
4.8 0.1 
'0.2 0.1 
5.9 0.1 
5.6 0.1 
~.9 0.1 
5,4 0.1 
4.2 0.1 
4.2 0.1 
". (; 0'.1 
4.9 0.1 
5.7 0.1 
4.7 0.1 
4.9 0.1 
e.2 0.1 
3.7 0.1 
4.1 0.1 
4.4 0.1 
s.a 0.1 
4.9 0.1 
5.1 0.1 
:;.9 0.1 
5.2 0.1 
5.2 0.1 
".5 0.1 
5.7 0.1 
5.1 0.1 
4.7 0.1 
6.3 0.1 
e.7 0.1 
5.5 0.1 
5.6 0.1 
3.3 0.1 
3... 71)'.,1 
6.4-_' O.IJ 
5.6 0.1 
5.5 0.1 
5.0 0.1 
!.\l 0.1 
5.8 Q.l 

YU (PP"" 

2.0 
2.1 
2.7 
2.4 
2.7 
2.9 
2.4 

, 2.6 
2.6 
2.6 
3.1 
2.9 
2.7 
2.6 
2.3 
2.7 • 2.6 
2.2 
2.3 
2.9 
2.8 
2.5 
1.9 
2.7 
2.0\ 
2.1 
2.3 
2.2 
2.4 
2.6 
2.4 
..2.5 
2.6 
2.6 
2.1 
2.0 
1.9 
2.3 
2.5 
3.1 
2.4 
2.2 
3.0 
1. ~ 
1.6 
.3.0 
2.9 
2.3 
2.2 
3.2 
2.2 
2.5 
2.2 
2.7 
2.7 
2.6 
2.6 
2.5 
2.5 
2. Z 
1. 1 
1.5 
1.9 
2.3 
Z.5 
2. J 
2.6 
z.~ 

0.3 
0.4 
0.4 
0.4 
0.4 
0.9 
0.3 
0.4 
0.3 
0.3 O." 
0.3 
0.3 
0.4 
0.3 
D.l 
0.3 
0.2 
0.3 
O.Z 
0.3 
0.3 
0.3 
0.3 
0.3 
0.2 
0.5 
0.3 
0.3 
0.4 
0.3 
0.3 
0.4 
0.3 
0.4 
o.J 
0..3 
0.3 
0.3 
0.4 
0.9 
0.3 
0.3 
0.2 
0.2 
0.5 
0.3 
0.3 
0.4 
0.4 
0.3 
0.3 
0.4 
0.4 
0.4 
0.7 
0·3 
0.3 
0.3 
0.3' 
iI.2 
0.2 
0.3 
0..3 
0.4 
0..4 
0.3 
0.3 
0.3 
0.2 o .c4 

~LU) (!?PMI 

0.45 
0.40 
0.56 
0.77 
0.51 
0.0\0 
o.·u 
0.4-6 
0.47 
0.404 
0.51 
0.4-3 
0..46 
0.40 
0..45 
0.45 
0.4-2 
0.3B 
0.39 
0.42 
0.50 
0.38 
0.42 
0..57 
0.44 
0.37 
0.45 
0.50. 
0..41 
0.37, 
0.42 
0.44 
0.45 
0.41 
0.42 
0.35 
0.34 
0..40 
0.45 
0.51" 
0.40 
0.36 
0.4.2 
0.3~ 
0..44 
0.38 
0.44 c 

0.40' 

o. (i.\ 
0.11 
0.10 
0.14 
0.10. 
0.12 

'0.10 
0.11 
0..08 
0..09 
0.16 
0.11 
0.14 
0.09 
0.15. 
0.16 
0.0.9 
G.CB' 
0.09 
0.08 
0..13 . 
0.09 
0.10 
0.10. 
0.0.9 
0.09 
0.09 
0.11 
0.09 
0.10 
O~ll 
0..17 
0.10 
0..09 
0.10 
0.10. 
0..0.9 
0.10 
0.09 
0.09 
Q.19 
0.10 
0.10 
0.10 
0..17 
0.12 
0.09 
0.10. 
O.lZ 
0.13 
0.11 
0.10 
0.10 
0.11 

'l\S 1 PPM) 

().. o. 
6.t 

lZ.2 
6.5 

32.2 
J.2 
3.5 
3.5 
6.8 
5.8 
9.6 

11 • 1 
10.3 

4-.0 
2.4 
6.7 
6.6 
6.6 
5.1 

15.8 
8.8 
9.0 
6.0 

12.6 
6.5 
4.4 

12.9 
5.4 
7.b 
6 .. 9 
9:8 
6.B 
2.6. 
7.0 

'4.4-
82.7 
5.0 

,19.5 
3Z.1 

4.1 
54-.4 

9.2 
9.5 
9.1 

12.9 
41.3 
-7.7 

55.6 
5.7 
301 
3.7 
5.7 
6.5 
7.5 
6.4 
9 .. J 
'9.0 
9.3 
7.7 

1 1.4 
2.-8 
5.7 

10.9 
0.3-
5.(l. 

t e.8 
55.2 
17.0 

0.0 
0.7 
1.0 
0.5 
1.2 
0.9 
1.2 
0.6 
1.5 
1 • 1 
1.5 
1.6 
1.7 
1.3 
0.9 
1. '4 
0.9 o.a 
1. 1 
1.4 
0.9 
0.5 
0.7 
0.7 
0.7 
0.6 
1.0 
0.6 
0.1 
1.3 
1.2 
1. 1 
0.6 
1.0 
1.0 
2.2 
0.8 
1.6 
2.1 
1.2 
1.9 
1 • 1 
l .1 
1.3 
1.0 
1.9 
1.1 
2.6 
1.3 
0.4 
0.9 
1.0 
0.9 
0.7 
0.9 
1.0 
1.0 
1.0. 
0.9 
1.2 
0.4 
0.4 
1.0 
1.5 
o..a 
1.3 
f.4 
0..9 
1.0 
0.9 

(5CI) (PPMI 

0.00 
. 0.5 () 
2.31 
0.6 J. 
2.0." 
0.51 
0.4-2 
0.50 
0.83 
0.74 
U18 
0.47 
0.;63 
0.67 
0.55 
0·.68 
0..68 
0..70. 
0.65 
1.95 
0.67 
0.67 
0.71 
0.66 
1.0.0 
0.57, 
0.69 
0..75 
0.71 
0.56 
1.72 

0.00 
0.18 
0.2_ 

,r 

1.. 

01::0 
W 
Cl:) 

1- KOf~ " 

2.2 
2.0 
1.9 
2.3 
1 .l 
2.4 
Z.S 
2.2 
2.7 
2.4 
3.4 
2.1 
2."'1 
3.0 
J .9 
1.9 
2.6 
3.6 
2.6 
1.7 
1.9 
1.5 
1.6 
2.6 
2.3 
2.5 
1.7 
2.5 
3.4 
1.6 
2.1 
2.4 
2.2 
3.2 
2.5 
1.5 
1..<) 
2.3 
1 .3 
1.~ 
1.Q 
2.0 
1 .1 
? .1 
1.<) 
~.J 
2.:\ 
2.Q 
0.7 
1 • '5 
J.O 
2.1 
2.4 
2.4 
1 .3 
2.8 
1.9 
2.0 
1.6 
1.5 
1 .6 
1 .2 
2.2 
2.5 '.0' 
1 .9 
3.4 
4-.4 
1. B 
1 • '3 
3.0 
1 .4 

0\6 
0.9 
0.6 
0.5 
0.6 
0.4 
0.5 
0.3 
1 • 0 
O.B 
0.8 
0.5 
1 • 1 
1.2 
0.4 
0.7 
1.2 
0.6 

25.9 0.5 
25.~ 0~5 
21.\ 0.5 
13.1 0.4 
26.\ 0.5 
16.5 0.4 

131'. 
26. 

.30. 
68. 
72. 

1 • 
1. 
Z. 
3. 
1. 
1. 
2. 
2. 

35.7 
32~ 
2e.2' 
34.2 
25.9 p 
30\.8' 
35.4 
12.9 
36.3 
33.9 
36.0 
35.6 
30\.6 
30\.4 
36.5 ~ 

30\." 
.33.8 
36.1 
30.2 
26.4 
3601 
36.0 
26.8 
3107 
29.1 
26.8 
36.2 
34.6 
33.3 
2e.2 
28.1 
36.2 
34.2 
38.1 
33.3 
21.8 
24.8 
26.7 
26.7 
35.(> 
25.4 
29.7 
3<;.2 
21.4 
27.3 
24.0 
2~.9 
25.0 
26.8 
31.6 
33.2 
30.5 
26.3 
31.8 
25.5 
26.6 
40.2 
35.6 
34.3 
33.9 
17.6 
23.6 
42.6 
3B.l 
34.0 
27.3 
35.5 
34.4 
~e • .3 
28.3 
42.7 
33.3 

C.3 
C.3 
C.4 
1.6 C." 
C.4 
C.4 
C.4 
C.6 
0.4 
C.6 
0.4 

If:: • o~ o. 1 
4.7 0.1 
f.5 0.1 
5.6 0.1 

1 • ., 
1. 1 
3.~ 
2.5 0.3 

0.4-3 
0.36 
0.36 
0.39 
0.39 
0..4-7 
0.39 
0..47 
0.35 
0.47 
0.41 
0.46 
0.32 
0..36 
0.45 
0.4-~ 
0.54 
0.31 
o..5l 
0.35 
0.31 
0.3~ 
0.49 
0.51 

. , 

a ~ 1 1 • 
O. II 
0.08 
0.08 
0.09 
0.10 
O. Il 
0.18 , 
0.09 
0.10 
0..25 
0.12 
0..11 
O. Il 
0.11 
O. Il 
0.13 
0..12 

7.2 
1.3 •. 3 
5.7 

34.0 
'.0.0 
1.2 

• d' .55 
0.46 
0.67 
0.404 
3.73 
0..53 
1.36 
3.21 
0.65 
J.OO 
0.11 
0.76 
0.65 
1 .04 
1.83 
1.55 
2.92 
0.41 
0.59 
0~51 
0.54 
0.47 
0.72 
0.96 
0.63 
0..91 
1.12 
0.86 
0.51 
0.0.0 
0..00 
0.92 
0.38 
0.63 
0.74 
2 .. 42 
1.93 
Z.28 
0.00 
0.0.0 
0.0.0 

0.16 
0.16 
0.19 
0.1 $ 
0.19 
O.ZI 
0.17 
O.~3 
0.13 
0.19 
0.23 
0.18 
0.18 
0.15 
0..13 
0.18 
0.21 
0,12 
0.10 
C.13 
0.12 
0.13 
0.12 
O. 1 1 
0.16 
0.15 
0.17' 
0.26 
0.17 
0.17 
0.16 
O. P3 
0.21 
0.13 
0.18 
C.Zl 
0.20. 
0.22 
0.'16 
0.16 
0.19 
o • 15 
0.22 
0..'22 
0.2"4-
O.ZO 
0019 
0.18 
0.17 
0.18 
O.le 
O.IS 
0.16 
0.17 
0.18 
0.,16 
0.16 
0.00 
0.00, 
0.19 
0.11 
Il.16 
0.18 
0.20 
0.22 
0.035 
0.00 
0.00 
o.ob --
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l 'J - ~ 
j 
; 

<;AIoIPI.F 

KCI? 1 
ICF" 2 
Ke:~ ';:1 
KE" 4 
KFR 5 
KER 6 
KER 7 
KER R 
KER 9 
KER la 
KER< 1 1 
KER 12 
'<F.1l 13 
I(ER 14 
ICE~ 15 
K.FR 1 r. 
KER 17 
KER 18 
KER 19 
KE~ 20 

-I(1':R 21 
KFR ?2 
i<F"R 23 
KER 74 
KER 25 
KER 26 
KIôR 27 
KER 28 

'ilii9 
31 

KER 2. 
K f.J~ 3.3 
KE~ 34 
KEll 35 
KF.R '16 
KER :\7 
KER J8 
~ 39 
KE ~O 
KER 41 
KF~ 42 
KER 'Il 
'<ER 44 
KER 4.5 
KER 4<"> 

"K'=R 47 
KEll 4.8 
KER 49 
KEf> 50 
KE:R 51 
Kr-A 52 
KER 53 
Kr:R '54 
KËR S'i 
KER 56 
KEft 57 
t<r.R SA 
KER 59 
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6<"> 
F,7 

68 
69 

1 
KOR ? 
KOrl .3 
KnQ' " 

RR (P~MI 

44. 9. 
74. 9. 
26. 4. 

1 75. 13. 
85. la. 
44. T. 
58. 10. 
72. 10. 

212. 14. 
167. . 12. 
165. 12. 
145. 13. 
107. 10. 
61. 8. 
42~ 7. 

14Q. 10. 
l:? 7., 10. 
1 l" 1 • 14. 
141. 1 1 • 
68. la. 

140. (3. 
!H. 9. 

",JO. Il. 
10'2. 9. 
96. q. 

110. 12. 
136. 1 1 • 
96. 9. 

l'52. 30. 
4<). 6. 
94. Il • 
99. 9. 

12 O. 14. 
137. 10. 
1213. 12. 

ri7. 11. 
13 1. 1 1 • 
8<;. 1~ • 
6~. 13. 

167. t-h~ 

54. 12. 
121. 14. 
103. 10. 

'lB. 6. 
14.CI. 13. 
59. 1 1 • 
48. a. 
44. 10. 
40. 12. 
72. ?I. 
64. 10. 
94. lB. 

131. 17. 
161. 40. 
56. 12. 

152. ?1. 
109. 13. 
15&. 17. 
129. 16. 
133. 19. 
66. 14. 

122. la. 
143. 19. 
165.- 2'2. 
164. ?1 • 
119. 15. 
1 q 1. 4 •• 
15Q. 20. 
1 1 1. 20. 

'36. 13. 
114. 14 • 
1 J(,. 4<). 

. , 

cs (~MI l'B4) (PP~' 

16.3 1 .3 304. 61. 
1 1 • 1 1 • 1 351. 59. 
13.1 1.2 239 •. lOS. 
1 7.1 0.7 424. 83. 
9.9 - O." 485. 65. 
8.6 1.2 315. 41. 

10.1 0.6 483. 83. 
10.7 0.6 457. 69. 
11.6 1 • e 453. 92. 
8.3 0.6 436. 75. 

28."1 1 .4 344. 12. 
9.2 0.5 693. 191. 
6.1 0.4 423. 7S. 
9.4 0.6 647. 94. 

1 1 • ~ 1 .2 368. 64. 
9.5 1 • t 345. 61. 
7.1 0.5 575. ,67. 

12.2 0.7 467. 172. 
9.4 0.5 486.. 140. 
6.B 0.6 593. 92. 

14.4 0.6 366. 68. 
6.2 1.0 524. 69. 

10.6 1 .2 355. 64. 
R.1 0.5 '466. 69. 

10..3 0.5 42B. BO. 
15.4 1 .2 353. 57. 
14.5 1 • 1 396. 64. 

5.Q 0.5 199. '39. 
39.1 2.0 299. 91. 
Il. J.. " 1.3 406. 73'. 

7.1 0.5 421. 146. 
~." 0.4 546. 59. 

1 2.1 O.f: 189. 57. 
14.0 0.6 435. 61. 
10.6 0.5 5t6. 1 1 1. 
IO.1l 0.5 380. 70. 
8.4 ' 0.5 549. 95. 
6.11 1. a 665. 1I6. 
6.7 0'.4 'lIB. t08. 

i 2.5 o.f> 585. 157. 
7.7 0.4 435. 84. 
7.1 0.5 599. 117. 
7.4 0.5 428. 95. 

32.6 0.8 324. 76. 
34.5 1 .2 150. 100. 
1 1 • 3 1 • 1 394. 104. 
7.8 o.~ 510. 147. 

Il. '1 0.9 430. 141. 
7.6 0.5 538. 187. 
7.0 0.5 1234. 565. 
7 .. 5 O.~ 471. 122. 
6.7 0.4 ,391. 1-29. 
8.9 1 • 1 542. 94. 

16.0 1.2 560. ~07. 
7.2 0.5 61tl. 1:30. 
e .1 0.5 491. 146. 

10.5 1 .0 338. 83. 
15.9 1 .1 566. ISO.. 
Il.5 o.e 687. 153. 
12."J O.f 554.- 187. 
23.3 1.3 521. 173. 
21.0 1 .2 371. 153. 
15.9 O.~ 277. 91. 
13.6 1 .0 262. 124. 
9.2 O.f 441. 1~3. 

14.? 0.6 509. 144. 
21.1 0.1 407. l'II. 
2?.7 1 • 4 760. 257. 
12.7 1 • 1 409. 162. 
9.4 1 .2 607. 156'0 

13.7 1 ." ~32. \<;8. 
7." 1.2 496. 154. 

sc (PPM) CE (PPMI EU (PPM~' TH ( l'OPM) 

24.3 0.1 80.0 4.7 1.17 0.07 8.9 0.3 
21.6 O. l a3 •. 7 4.9 1.33 0.10 8.9 0.3 
18. Cl C.l 67.8 4.3- 1.35 0.23 6.3 0.3 ~ 

24.6 C.l e2 .. e 5 •• 1.17 0.10 S.7 0.4 
20.5 C. 1 57.5 4.0 1.26 o.oa 6.0 0.3 
22.6 <:. J q~.o 2.4 1.16 0.09 6.4 "" 0.3 24.1 C. l' 75",a 2.5 1.09 0.09 6.8 0.4 
20.8 C.l 74.7 2.9 1.38 0.10 8.6 0.4 
25.5 C.l 79.8 6.0 1.34 0 • .12 8.9 0.4 
23.6 C.l 1<;.0 2.4 1.25 O.IG 9.0 0.3 
23.4 O. 1 77.9 2.6 -1 .1 1 0.09 8.8, 0.3 
21.8 C. 1 82.6 5.5 1.36 o .ll' 8.S 0,.3 
19~3 O. 1 7f.2 2.4 1.13 0.10 6.0 0.3 
22.8 C.l 82.3 4.9 1.22 0.08 6.4 0.3 
2!:.2 C.l .&1.5 2.7 1.28 a.' 0' 6.7 0'.3 
22.9 C.l 7<;.7- 2.2 1.23 0'.0'9 6.4 0'.3 
21.6 C.l 77.7· 5.1 1.26 0.0'4 6.0 0'.3 
25.6 0'.1 82.7 3.0 1.21 0..06 8.9 0..4 
19.2 C. 1 6é!.8 2.0 l.IO O.OS'" l,.2 0.3 
18.0 C.l S~.3 2.2 1.25 0.10' 6.5 0.4 
20.4 • C.l 84.6 4.8 1.24 0.05 9.0 0.3 
16.6 C.l 72.4 4.3 1.24 0'.08 8.8 0'.3 
16.5 C.2 f:!.7 2.1 0.82 0..07 6.2 0.3 
16.7 t.l BB.3 4.4 0..97 0..0.7 1 1.7 0.4 
JJ;.3 C.I 79.60 2.5 0.94 0.,08 8.8 0.3 
16.7 C.l 75.9 2.0 0.89 0.07 7.4 0'.3 
1 e. 3 0'.1 BI. 1 4.2 1.32 0.24 8.8 0'.3 
13.0 C.l 82.0 3.8 1.17 0.08 B.3 0'.3 
21.7 C.l 77.1 3,6 1.01 0.11 8.8 0.5' 
20.5 C.l 62./J 2.4 1.16 0.09 6.4 0.3 ,-
22.0 C. 1 SE.l 2.7 l.t J O. 1 1 6.0 0.3 
21.2 C.l 70.6 1.8 1.3 (, 0'.07 7.7 0.2 
22. O' C.o 96.1 3.3 1 .1 b 0.05 9.8 0.3 
23.3 C. 1 8.7.4 2.0' 1.24 0.21 8.6 0.3 
20 • .li!- t. 1 7C:.8 2.2 1.2? 0.10 7.8 '0.3 
?2.2 0.1 41.6 2.3 l·OI 0.08. .4.2 0.4 
19.6 e. 1 44.0 2.1 .9\ 0.04 5.8 0.3 
1 e. 7. C.3 60.0 2.4 1.16 0'.08 6.2 O.,. 
19.2 C.I 65.0 3.5 1 .14 0 .. 06 5.5 0 .. 4 
21.3 0.1 94.5 3.2 1025 ~.05 8.2 0.3 
22.9' O. 1 54.8 2.9 1 .07 J.Oc; 5.1 0.4 
21.6 0.1 65.4 5.6 1'.2~ 0.09 7.3 0.3 
19. 1 C.l 91.7 .5.1 t.3 .0.06 '9.3 0.4 
17.2 .. c. 1 53.5 3.0 0.82 0.08 & 5.8 0.3 
16.9 0,.. 1 SE.6 2.2 0.81 0.06 6.2 0.3 
25.5 C.1 4~.6 2.7 1 .15 0.06 5.3 0.3 
18.7 C.2 -4\" 1. 4 2.9 1.32 0.06 6.~ 0.4 
25. a c.l 63.6 2.3 1.33 Il.07 5.5 0.3 
21.6 c.l 62.3 3.3 1·94 0.10 6.1 0.3 
18.5 0.1 6s.7 2.5 0.98 0.13 7.5 0.4 
21. J C.l 75.7 6.1 1.10 0.09 B.8 0.4 
18.6 C.2 5f.9 2.9 1".31 0.1l7 7.2 0.2 
18.3 O. 1 6:!.2 2.7 -1.31 0.25 6.0 -0'.3' 
23.0 C.l 9!:.6 7.0. 1.16 0.<.19 6.8 0.4 
17.1 C. 1 6~.O 2.6 1.21 0.08 5.6 - 0.3 
23.4 C. 1 11.9 3.4 1.06 0.06 7.3 0.4 
16.6 C. 1 97.4 2.,5 1.44 0.06 9. J ,g .3 
22.3 C.l 10:!.0 4.9 1.38 0.06 13.9 1 .3 
21.8 C. IL 89.9 3.0. 1.22 0.0'9 8.6 0.4 
22.4 C.l ee.4 2.6 1.32 0.09 6.8 0.4 
IS.2 C.l 53.6 2.B 0.77 0.06 ".3 0.2 
21.4 O. 1 6 •• 6 4.6 0.78 0.'07 7.6 0.3 
20.1 • C. 1 ge.8 7.3 1 .60 0.28 9.4 0.4 
20.1 C.3 7C.O 3.5 1.44 0.09 8.8 0.3 
22.7 C.3 82.5 3.1 1.32 0.26 8.7 0.4 .:.. 1 8. 9 0.1 67.2 2.9 1.02 0.06 7.8 0.4 lAI 25.6 C.1. ef.l 3.2 I.JO 0.10 6.à o." 1.0 24.4 0 • .3 8S.6 3.9" 1.26 O.OB 8.4 b.4 
21. :3 C.3 67.a 3.2 1.40 0.09 9.2 0 •• 5 ;.-

12. fi C. 1 ,80.5 4.5 1.07 0'.07 6.7 0.4 
2<0.1 C.l t01.0 5.7 I.~ 1 0.09 "9.2 0.6 • 16.4 0.1 

to:-
9:!.0 4.8 1.31 O.Z.3 8.2 0.4 

I . 
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KFR 1 
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KE~ 4 
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KEn 1 
KEn 8 
KER 9 
KER 1 0 
Kr=~ Il 
!tER 12 

~
Fn 13 

KFn 14 
KEn ,15 

_",FR 1" 
R 17 

KE:R 18 
KEn 19 
KFR 20, 
KER :>1 
KFR 22 
K"'R 23 
"~R 24 
"'''R 25 
·KER 26 
KER 27 
l<F'R :>13 
Kr;R 29 
KER 31 
KER ~2 
KER 33 
KFr. "\4 
KE~ 35 
... F~ 36 
KEA" :17 
KER '3'3 
KEIl 3Q 
KER 40 
KER 41 
KER '1:> 
KF.:R 43 
I(FR 44 
KER 45 
KF.n 46 
KER 47 
K'O:R 49 
KEq 49 
KEn 50 
Kr.R 51 
KER 52 
KCR 5"1 
KER 54 
KFR !!S 

"KER 56 
.. FR 57 
1<"'101 5'3 
KFR ~9 
KEn' 60 
KER 61 
KFR 62 
KER 63 

• KeR 64-
KFR 6'5 
Ken (,(, 
l'F'l 67 
KF.:R t'If! 
KrR 69 
KnR 1 
Km~ ? 
Kon "1 
"on 1\ 

H~ r pp.." 

3.Q 
3.2 
4.4-
3.2 
3.a 
100;\ 
3 .. 2 
3.6 
3.5 
3.6. 
3.2' 
4.l 
:3.8 
3.3-
3.5 
2.9 
3.1 
3.2 
'.0 3.a 
4.0 
4.6 
2.3 
6.9 
4.3 
3.2 
4.2 
M',) 
3.5 
2.6 
3.5 
2.5 
4.5 
3.7 
4.1 
2.3 
2.'3 
3.? 
3.7, 3." 
2.9 
3.0 
5.~ 
2.5 
2.Q 
3.4 
4.4 
3.1 
2.9 
3.9 
4.6 
4.6 
3.0 
4.4 
4.7 
1.1 
5.3 
4.1 
3.8 
4.3 
2.7 
2.2 
$ .1 
'1.9 
JI. 7 
2.f! 
4.4 
5.9 
4.? 
4.5 

~:~ 

0."1 
0.7 
o.a 
0.4 
0.4,. 
Q.~ 

0.3 
0.4 
C.4 
0.4 
0 • .3 
o.~ 

0.7 
O.~ 
0.4 
0.7 
0.4 
0.4-
0 • .3 
0.'1 
0.4 
0.4 
0.3 
0.4 
0.1\ 
0.3 
0.3 
0.4 
1. 1 
0.3 
0.4 
0.5 
O. J 
0.1 
0.'3 
0.3 
0.3 
O. '1 
0.4-

• 0.3 
0.3 
0.4 
0.'3 
0.3 
0.4 
0.4 
0.4 
0.4 
0.5 
0.3 
0.5 
0.3 
0.4-
0.1\ 
0.4 
0.5 
1.0 
0.4 
0.4 
1. 1 
0.4 
0.9 
0.4-
1 • 1 
0'.0; 
0.4 
1.0 
1.4 
0,,5 
O.~ 
1.4 
0.4 

TA (PP"" CR (PP"'1 F~ (", 

0.6?, O~\O 2~2. 
Q.71 0.10 254. 
Cf'.44 0.0<; 174. 
0.06 0.09 2'57. 
0.440.06160. 
0.57 0.C6 256. 
o • 60 O. 1 1 266. 
o .60 O. 1 0 25.3. 
0.620.11270. 
0.90 0.11 274. 
0.91 0.30 257. 
0.60 O.OC; 314. 
0.78 O. 10 253. 
0.3'1 O.O~ 269. 
o .72 O. 1 1 279. 
0.15 0.10 266. 
0.'59 0.07 .?'56. 
0.89 0.09 27'1. 
0.50 0.25 210. 
0.45 0 .. '1 169. 
0.62 ~.07 389. 
0.34 0.09 456. 
0.30 0.07 374. 
0.70 0012 208. 
0.8'1 0.12 352. 
0.66 o.oe '120. 
,0.79 O. II 400. 
0.41 0.11,516. 
0.20 0.16 302. 
0..63 0.10 61.5 • 
0.58 Q.12 212. 
0.63 0.-07 <'54. 
0.84 O.~f 262. 
0.96 0.09 259~ 
0.71 0.07 225. 
0.34 0.0.7 1.44. 
0.'11'1 0.12 350. 
0.'19.0011 166. 
o.J'5 o.OS 151. 
0.65 o.oe 299. 
0.40 0.07 195. 
0.66 0.11 398. 
0.90 0.10 411. 
0.40 0.10 3106. 
0.34 0.07 226. 
0.51 0.09 \63. 
0.54 0.07 Z02. 
0.!';3 0.21 175. 
,0.59 0.12 663. 
0.68 o.oe 260. 
0.73 0.25 250~ 
0.7') 0.10 273. 
0.68 0.12 299. 
0.68 0.12 349. 
0.52 o.oe \90. 
0.61 0.1 r 552. 
I.cf' 0.11 437. 

'0.813 0.10 390. 
0.<;15 0.29 '362. 
0.62 o. Il 3B7. 
0.40 0.08 3541. 
0.34 0.1013630. 
0.84, 0.14 1006. 
0.81 0~\2 367. 
0.77 0.12 :315. 
0.70 0.11 219. 
0.70 0.'13 692. 
0.60 0.12 660. 
0.91' 0.t2 297. 
0.71 0.09 ·231. 
o • 713 o. 1 2 l 60 • 
0.64 - 0.09 314. 

10. 5.32 
6. 5.69 
7. 4.55 

10. 5.23 
7. 4.90 

10. 5.57 
10. 5.92 
la. 5.22 
12. 6.4-2 
9. 6.26 
9. 5.54 

11. 5.65 
.9. 5 • .33 

- 9. 5.72 
10. ",6.Z1 
9. 5.77 
C;. 5.61 

1.0. 6.'1'1 
S. S.10 

1'0.4.37 
Il. 5.47 
13. 11'.54 
Il. 4.55 
7. '1.76-

10. 4.51 

R 
.. 4.71 
• $.21 

1 3.85 
13. 5.17 

. 14.,5.53 
1 o. ~.2e 

7. ;~49 
8. 5.07 
5. 5.26 . 
8. 5.12 

Il. 5~9 
12. 4.76 
11. 4.52 
10. 4.67 
8. 5.2-1. 

13. 5.20 
13-. 5.54 
IJ. $.33 
::lJ. 5.49 
la. 4.14 
9. 5.9'9 

Il.4.87 
9. 5.71 

19. 5.42 
Il. 4.4S 
12. 4.91 

9. '1.76 
12. 1i.61 
13. 5.39 
\0. 4.0(; 

A
. 6.11 
• 5.3 a 

1. 5.83 
13. 5.71 

y 14. 5./'77 

~g; ~:j~ 
19. 6.10 
12. 4.92 
1.::3. 5.16 
Il. 4.'55 
19. 6.23 
\,8. 5.90 
13. 5.49 
la. 3.41 
10. 5.0/\4-
12. 4.76 

" 

0.0$ 
0.04" 
0.04-
0.05 
0.'05 
0.16 
0.05 
0.05 
0.06 
0.05 
0.05 
0.05 
0.16 
0.16. 
0.0-5 
0.05 
0.04 
0.06 
0.04 
0.05 
0.05 
0.04 
0.04 
0.~4 
0.04 
041 4 
0.14 
0.04 
0.06 
0.04 
o.le 
0.03 
0.10 
0.05 
0.05 
0.05 
0.05 
0.05 
'0.05, 
0.10 
0.06 
0.17 
0.05· 
0.05 
0.13 
0.05 
0.15 
0.04 
0.06 
0.06 
0.17 
0.04 
0.17 
0.17 
0'.05-
Il .06 
0.05 
a.Hi 
0.05 
0.06 
0.05 
0 .. 05 
0.1.9 
0.16 
0.0f> 
0.16 
0.06 
0.06 
0.05 
0.04 
0.06 
0.0= 

CC (l'PMI 

.JO.Z 
3!:.0 
22.9 
ZE./) 
2".6 
31.$ 
33.7 
JO.I 
35.9 
3~.3 
3e.5. 
JO.l 
20;.4 
3~.:ïl 
35.3 
32.9 
32.2 
63.1 
.31 •• 1 
16~." 
3E.l 
28.2 
34.0 
10.2 
27.3 
4~.6 
31. S 
2e.2 
s~.O 
43.4 
Z8.0 
JE.6 
J!:.5 
41.0 
28.3. 
47.4 
J<;.o 
21,s 
27..5 
33.2 
'3-':.-0 
42.2 
33.8 
94.2 
2'1.3 
41.7 
33.8 
3'1.5 
se.7 
30.6 
27.0 
52.6 
56.6 
30.7 
2'1.6 
42.3 
."!!:.3 
37.7 
3'5.6 
35.5 
6:::.0 
68.'1 
43.1 
JC •• 
3'h2 
2.::!.4. 
'32.e -
32. e 
35.2 
20.9 
2..:!.Z 
24.5 

0.5 
0.5 
0.4 
0.5 
0.2 
0.5-
0.4 
0.5 
Z.O 
0,5 
0.4 
0.5 
0.4 
0.5 
0.5 
0.4 
0.3 
'0.3 
0.4 
0.6 
0.9 
1 .. 8 
0~4 
0.5 
0.4 
0.5 
1.4. 
0.5 

'0.8 
, 0.5 ".S 

0.3 
, 0.8 
p.2 

,0.2 
0.4 
O.Z 
0.4 
0.5 
0.2 
G.3 
0.5 
C.3 
0.6 
0.4= 
0.5 
0.3 
o.~ 
0.6 
O.Z 
0.4 
0.4 
0.6 
-0.5 
o. 4~ 
'0~5 
0.4 
0.4 
0.4 
0.5 
0 ... 5 
0.5 
0.6 
0.5 
0.5 
o •• 
0'5 
l.g 
0.5· 
~0.4 
0.5 
0.4 

(Nt J (l''P"MI 

180. 
222. 
166. 
1'>7. 
122. 
219. 
3C14~ 
295. 
199. 
'1 'T. 
130. 
34-7. 
224. 
266 .. 
147. 
222. 
1550. 
205. 

85. 
127. 
267. 
238. 
240. 
lOs. 
273. 
2BS. 
219.,' 
152. 

, 267. 
52-3. 
21.0 "' 
231. 
185. 
255. 
136. 

" 05. 
215. 
109. 
101 • 
217. 
174. 
347. 
253. 
SilS. 
138. 
207. 
180· 
223. 
41.8. 
2!;;", 
199. 
197.-
325. 
2,79. 
Zll. 
621. 
391. 
J15. 
18fl. 
120. 

1034. 
674. 
502. 
27.3. 
210. 
210.-
601. 
402. 
314. 

'140. 
• tiS. 
243-. 

4.5. 
4 a. 
39. 
39. 
25. 
52'. 
69. 
65. 
60. 
'14. 
36. 
64. 
50. 
60. 
38. 
48. 
34. 
50. 
31. 
58. 
51. 
53. 
60. 
35. 
60. 
58". 
56. 
35. 
89. 
71. 
60. 
42. 
33. 
35. 
34. 

':>25. 
~38. 

50. 
33. 
33~ 
4.6. 
70. 
52. 

103. 
45. 
S7~ 
40. 
67., 
7B. 
46. 
61. 
49. 
64. 
66. 
57. 

241. 
61. 
57. 
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0.4 E 21. 75 • 
0.4 487. 79. 
0.4 235. 48. 
0.7 O. o. 
1 .'3 O. O. 
0.2 106. ,34. 

" 

( 

~ 

c 

~ 

-~-
SC (PP" ) CE (Pp/ofJ EU (PP"" TH (p,!", , 

26.4 C. 1 6!:.3 3.4 1.G4 0.01 1.1 0.3 
28.1 C. 1 5E.2 1.9 1.47 0.11 6.9 0.3 
21.0 C. 1 e~.e 6.7 1'.35 0.12 S.9 0.5 
" 1. 5 C. 1 Ef.e 3.0 1.24 0.11 9.9 0.5 
23.2 C.l 72.C 2.f> 1.13 0.10 S'. 5 0.4 
2C.<; ( • 1 e~.e 5.5 1.01 0.0<; • Il.B 0.«: ,. 
20.2 (.4 67.4 3.0 .o.ÇO 0.09 8.0 0.4 c 
21.6 (.1 1l1.0 1.B 1.44 0.20 a.8 0.3 
15. ç C.l 72.3 2.7 1.26 0.04 8.6 ·0.2 
t!.:! C. 1 Sc;.8 2.7 1.25 0.07 7.-6 0.2 
21.4 C.l ,ec.4 4.2 1.34 0.06 8.7 0.3 
2:!.2 (. 1 7!!.3 3.2 0.99 0"""9 6.4 0.5 
2:!.5 c. ~ 7E.9' ~.1 1.11 0.0<; 8.7 0.4 
23.7 ( • 1 B4.C; 3.2 1.41 o.oe 9.J O.J 
22.0 (. 1 7E.a 5.S 1.53 (}. 10 8.9 0.4 
18.8 C. t 7~.E 2.7 0.80 .0.07 7.4 0.4 
lE.5 (.1 610.1 2.7 0.70 o.oa 7.R 0.4 
,,1.6 C.1 72.0 2.7 1.19 0.08 1.6 0.4 
22.3 C.l 7~.5. 4.8 1 .1.2 0.0'5 9.1 0.5 zo.s (. 1 61. " .2.7 1.28 0.27 8.2 0.3 
14. e {. 1 El. !: 6.9 1.06 0.08 6.1 0.4 
21. e C.l 62.2 1.6 - 1.17 0 •. 14 6.4 0.2 
II'. S (. 1 S2.Ç 5.5 0.90 0.06 5.6 0.3 
22.9 C. 1 71.3 1.7 1.19 0.04 <;.3 0.4 
17.7 C.1 Sf." .... 3 0.7' 0.08 5.4 0.5 Jto. ;>2.2 ( • 1 7C.9 2.3 1.17 0.13 9.6 0.5 
18.3 C,. 1 ez·t à.O 1.27 0.10 8.2 0.6 " 1 e. e c. 1 71.0 4.2 1.14 0.09 ~:~"" 0.7 
12.7 C.l 37.1 ,3.7 0.60 0.09 0.2 
17.4 C ... 1 5·1.0 3.5 0.71 0.08 5.0 o.s 
12.9 C.l 5E.O 3.5 0.58 0.05 6.8 0.6 
21. 1 (.1 71.~ 3.B 0.'i2 0.0'i 8.1 0.6 e.6 c .. 1 !:3.2 2.3 0.78 o.li 5.0 0.2 
22.7 (. 1 6Ç.2 4':6 1.20 0.1 8.2 0.7 

",,' 2!. 1 C. 1 e::.3 4.0 1.31 0.05 10.2 0.4 
24. c C.l 74.6 3.1 1.25 0.04 10.3 0.4- l' 
IE.4 (. 1 el.t: 2.6 1.04 0.09 7.7 0.4 
2:!.8 C.l 7E.9 1.7 1.24 0.17 9.9 O.j t ç. 4 C. 1 ~4.2 1.7 1.14 0.06, B.6, o. 
.2~. 6 '1>. 1 7~.9 .3.8 1.13 0.06 10.1 0._4 
23.2 C.l 6<;.7 3.6 1.1 1 0.07 s.. 4- .0 • .3 
2'0.«; C. 1 e~. 1 7.B 0.<;8 0.10 7.9 0.6 
21.J C.l 7e.7 2.B 0.«;7 o .O'i. 9.9 0.5 
e.l C. 1 3f.2 2.6 0.64 0.10 3.9 0.1 

.1- 01:>0 

\ 01:>0 
W 

. 
{ 
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SA'-'PLIO HF (PPII) }if A) (PPM, CR .(PPM) FE 

" 
(t 1 CC (PHU ("11 (PP"" SB (PPM) 

KRK 3 3.9 0.3' 0.C7 0.04 193. 7. !;.4.S O.O~ 22.0 0.3 77. 24. 1.08 0.16 KRK 4 4.6 O~4 0.74 .().13 57<;. l:!. E.96 C.Ol!: 4C.5: 1.7 418. 74. 2.34 0.:30 KRK 5 5.2 0.5 0.38 o.ce 297. 14. 5.37 o .o-E 27.2 0.6 237. 7g. 0.00 0.00 KRK 6- 4.1 O.S 0.13 0.12 2<;0. \3. 5.ee O.Cf ~2.Ç 0.5 -O. o. 0.00 o.OQ. KRK 7 J .4 0.3 0.66 O.OCi 25S. Il. 5.~H c.o .. 3'.6 0.2 173. 33. 1.07 0.19 KRK A 6.7 0.5 0.45 0.15 271. 13. 5.1 1 0.05 !t:.2 0.5 193. 61. 0.00 0 .. 00 KPK 9 3.4 0.11 0.87 O.l.:! 373. 1!!;. 4.86 C.OE 31.4 0.5 2l36. 57. 0.23 O.lQ f(,RK 10 3.9 0.3 o .e;II o.ce- 273. 7. 5.61 0.0'1 :!,!.ç 0.3 294. 50. o.(:s 0.13 KRK 1 t 4.5 C.2 0.f5 O.Cf :! l';. f. 4.42 O.O~ 22.6 0.2 142. 27. 0.63 0.08 KRK 1? 4.8 0.:3 0.79 O.QC; 355. ç. 4.2!5 0.04 H. e 0.4 Q. O. 0.50 0.10 
~RK 13 3.7 ~.3 O. SI O.OC; 292. ç. 5.28 0.04 ,~ .. 0.3 O. O. 0.46 0.19 

'"' 
_c __ 

Kql( 14 3.7 C.4 0.42 o.ce :'l,oe. I~. :;.25 0.06 3".5 1.6 o. o. 0.00 0.00 1 KRK 15 2.9 0.4 0.82 0.1 , 244. 11. ~.t:::l C.O~ 2 Eo 21 0.4 156. 44. 0.21 0.12 1 

K~K 1" 3.4 0.2 0.15 0.07 259. 6. 5.63 Cl .03 ZE.E 0.2 22"0. 35. 0 .. 35 0.16 I<PK 17 3.9 0.<4 0.67 0.10 353. 13. 5.3e; 0.18 34.9 0.5 Jl~. 67. 0.00 0.00' KRK la 3.2 0.9 0.57 O.CE 2 4 0. 12. 4.e'O O.OE 2';' a 0.5 1 e4. 50. 0.00 0.00 KRK 1<) 3.3 C.4 0.63 0.20 233. 12. ~.O7 o.o~ 2E.8 0.5 245. 50. 0.31 0.12 KRK :>0 3.3 0.9 0.60 O.C'i 277. l 1. 4.<;l6 0.17 ~1.9 0.4 O. o. 0.37 0.13 KRK ?I 3.1 C.2 0.52 O.O! 25(;. 1 1. S.l e C .C" :!ë.O ,0.3 2e6. 39. Q .. 36 0.10 
" KRK :>2 5.3 1. 1 0.80 0.12 297. 10. 5.30 o.o~ :!1.1 ,0.4 284. 54. 0.33 0.'1 J KRK 23 5.6 0.5 0.e8 0.10 :! 10. 12. 4.31 O.Of 20.6 0.4 O. O. 0.31 0.11 KItK 25 3.? 1).3 0.45 o.os ~29. 9. 5.51 C .. O::! :!t;.1 ,0.2 364. 49. 0.23 0.07 

KRK 26 2.3 0.2 0.33 0.0l!: 487. 16. 4.es 0.05 3!.8 0.4 226. 36. 0.49 0.11 KRK 2e 3.6 0.3 0.71 o. 1 ~ 235. B. S.JO 0.03 3t.6 0.6 12". 22. 0.22 0.04_ KRK 29 2.9 1.4 0.35 , O.l~ 1ge6. 3B. 5.7:1 C .0' H.7 0.6 1133. 109. 0.27 0.13 )4_ KRK 30 :3 .5 C. 7 0.f2 O. Cl 219. 10. S.2e; 0.03 ~1.7 0.3 140. 38. 0.46 0 .. 08 
KRK 31 4.0 o.s 0.58 O.OC; 4711~ 24. 5.10 0.06 2E.8 0.5 112. 39. 1.00 0.16 KRK 32 3.0 0.5 0.59 O.OC; 267. 20. '" .84 O.OE 2'i.O . 0.4 ~6. 29. 0.24 0.12 KRK 33 1.6 o.!: 0.26 0.04 ?08e. 17. 2.95 0.02 2e.4 0.2 366. 39. '0.28 0.01 

'\ KRK 34 2.2 0.4 0.19 G.OS 371. 21. 4.38 O.OE ~ l'. e 0.4 309 .. ' 75. 0.54 0.17 ,/ KRK 35 2.7 11.4 0.61 "'0.10 247. 16. :3.'13 a ',Of lCj.7 0.4 o. O. 0.52 0.16 KRK 36 :!.5 1.4 0.40 0.0(j 217. l.!:l. 4.50 (1.0 (; 21.e 0.5 o o. O. 0.62 0.t6 KRK 37 3.2 C.3 0.65 0.08 t 126. 1". 2.'9E o • t :! 21.4 0".3 401. 52.' -0.3~ 0.09 KRK 38 ~.a 0.5 0.16 0.01 344. 9. 4_.9" 0.07 2S.0 0.6' 310. 87. 0.56 0.21 KRK 39 3.4 0.3 0.67 o.ce 25. 7. la. - 5.70 Q .0'1 ~~.e 0.3 74. 21. 0.45 0.10 I<PK ~o 3.6 0.3 O.tl O.-Of 258. 7. ~.86 O.O:! 2<;.9 0.2 152. 32. 0.74 0.15 KR1< 4'1 3.3 0.5 C.S3 o. Il 2<;l0. 13. 4.83 0.05 33.0 0.5 119. 3 T. 0.69 a .l'5 KRK 42 ~.5 C.3 0.74 0.0'7 226. 6. t'.0t; o.OJ 2<;. t 0.2 11:11 • 31. 0.36 -0.09 KRK 43 :l.8 0.3 0.60 0.C1 210. 6. 5.03 0.03 21.0 0.3 110. 28. 0.25 0.07 
-KRK 4"1 '3.5 C.3 '0.49 0.17 :142. çto' 5.30 0.03 2:;.9 0 • .3 1 (2. 28. 0.48 0.09 .oz:. Kr?K 45 2.9 0.3 0.51 0.08 268. 7. S.37 o.OJ Je.4 0.3 le5~ 'fI. 0.25 0.12 ~ KR~ 46 2.9 0.5 0.47 0.10 258. 17. 5.02 o .Ot 211.1 0.6 O. O. . 0.59 0.16. ' oz:. KRK 47 6.3 0.5 0.70 Cl.IL 2<;;6. 13. 4.1S C .OS ~ 1.7 0.4 o. 3g: -g:.~~ 0.11 (, KRK 48 :le 1 0.4 0.40 0.11 1066. 10. 2.76 0.02 ~2.1 0.2 550. . 0.04 

.. 

.' 

" 
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S.,,..PLE AL (JO IIG (lI) , CA (:0 VIP!,'" Tl IX' INAI PO NA "n K {lO MN (PPM, 

LER 1 0.00 0.00 C.C 0.0 0.0 0.0 o. o. c.oo a .0'0 ~o .00 0.00 0.?11 0.003 1.47 0.07'1431. la. LER ;> o. 00 0.00 0.0 0.0 9.7 1. C O. o. o.CC' o.oc 0.00 0.00 0.618 . 0.006 1.65 O.OB 1435. B. u:n :l O. 00 0.00 0.0 Q.O CI 3.6 0.4 o. o. o.oc 0.00 0.00 0.00 0.926 0.007 2.32 0.10 12Ç6. 7. LER Il 0.00 0.00 O.C 0.0 1 1 • 1 1.~ O. c. a.oc 0.00 0.00 0.00 0.583 0.005 2.22 0.08 \020. 6. LfR 5 O. CO 0.00 C.O 0.0 5.3 O. O. C. O.CC 0.00 0.00 0.00 0.286 0.004 1.16 0.0 Il 1682. 10. LE" 6 0.00 0.00 c • a 0.0 3.:1 0.3 O. C. O.OC 0.00 0.00 0.00 0.273 0.004 1.73 0.08 178., • 10. ~ LFR 7 0.00 0.00 0.0 0.0 2.3 0.2 O. C .~ c.cc 0.00 0.00 0.00 1 • 018 0.010 2.40 0.12 963. 7. LFR 8 8.76 0.08 2.9 0.5 1\.6 0.3 150. 7. C.é4 0.01\ 0.85 0.04 0.850 O. 010 2.26 0.J6 539. 20. LER 9 7.16 0.07 2:.1 0.3 6.7 0.3 131. 5. 0.<13 0.04 0.58 0.03 0.600 0.010 J.45 0.29 2925. JO. LER la 7.:37 0.0 7 2.9 0.3 4.5 c.~ 142. 5. (.47 0.04 0.5~ 0.02 0.4<;/0 0.010 3.22 0.26 1624. 23. lER Il 0.00 0.00 o. 0, 0.0 8.0 0.8 o. o. c.cc 0.00 0.00 0.00 0.793 0.008 1.82 0011 77\ • 5. LFR 12 0.00 0.00 0.0 0.0 1 1. a 1. 1 o. o. O.oc 0.00 0.00 0.00 0.497 0.006 2.66 0.12 '565. 4. LF"Q 13 0.00 0.00 0.0 0.0 ,. 1 1 .6 1. :2 O. c. c.cc 0.00 0.00 0.00 0.571 0.007 2.52 0.12 890. 6. LER 14 0.00 0.00 0.0 0.0 7.6 0.8 O. o. c.ac 0.00 0.00 0 • .)0 0.67.3 0.007 2.5e 0.10 801. 5. L'OR 15 0.00 0.00 0.0 0.0 9.4 O.C; O. c. c.cc 0.00 0.00 0.00 0.498 0.006 2.85 0.13 870. 6. LfR 16 0.00 0.00 0.0 0.0 ?/i 0.3 O. o. c.OC 0.00 0.00 0.00 1. 071 0.011 2.70 0.12 752. 5. LF.R 17 0.00 0.00 0.0 0.0 8.3 o.e O. c. c.OO 0.00 0.00 0.00 ,1 • il 2 7 0.013 1.52 0.10 .936. 1. 
'" LER 18 O. 00 Q.OO 0.0 0.0 7.9 O. e O. c. c.cc 0.00 0.00 0.00 0.575 0.007 2.52 0.12 1024. 7. LE'-R 19 0.00 <> .00 0.0 0.0 8.6 O.C;; o. O. c.cc 0.00 0.00 0.00 0.570 0.007 2.57 0.12 1037. 8. LI=R 20 (>.00 0.00 0.0 0.0' 5.0 0.45 O. c. c.OC 0.00 0.00 0.00 0.705 O.OOS 3.08 0.13 869 _ 7. L!:R 21 O. 00 0.00 0.0 0.0 12.1\ 1. ;> O. c. C.OC 0.00 0.00 0.00 0.526 0.005 1.99 v.OB 122.3. e. r-I rR 22 0.00 0.00 0.0 0.0 :1.~ o.~ O. o. c.oc 0.00 0.00 0.00 0.459 0.00": 2.24 0.10 1535. 9. Lr'~ 23 0.00 0.00 0.0 0.0 2.3 0.2 O. O. C.OC 0.00 0.00 0.00 O.5~H 0.005 2.2(, 0,. C9 1:2 19. 7. LrR 24 o. 00 0.00 0.0 0.0 2.6 o.'" O. o. c.cc 0.00 0.00 0.00 0.41.3 0.005 2.32 0.10 1796. 10. LfR 25 0.00 0.00 0.0 0.0 3.7 o.~ O. o. C.OO 0.00 0.00 O.C)O 0.499 0.00: 2 • .32 0010 If68. 9. LFR :;>6 O. 00 0.00 C.O 0.0 3.3 0.3 C. o. c.ee 0.00 0.00 0.00 0.494 0.005 2.:;>8 0.09 1377. 13. LFR 27 O. 00 0.00 0.0 0.0 6.2 0.6 O. o.. C.cc 0.00 0.00 0.00 1.022 0.008 2.55 0.09 ~a:J3 • 5. LER 2R 0.00 0.00 0.0 0.0 16.E 1.7 O. C. 0.00 0.00 0.00 Il.OO 0.372 0.004 2.Jl 0.09 1221-. 7. LFR 29 0.00 0.00 0.0 0.0 5.Q 0.6 O. o. C.cc 0.00 0.00 0.00 0.'642 o.oor 2.12 0.0"1 1 Otl2. 7. LER ::l0 0.00 0.00 0.0 0.0 6.0 0.6 O. O. O.CC 0.00 0.00 0.00 0.651 0.006 2.02 o.oa 11<;19. 7. LFq 31 O. 00 0.00 0.0 0.0 3.\ 0.3 o. o. c.cc 0.00 0.00 0.00 0.27\ 0.004 1.78 0.09 1232. , . 

LEr:! 32 0.00 0.00 0.0 0.0 3.1 0.3 O. c. C.aC 0.00 0.00 0.00 0.281 0.004 1.16 0.10 1562. 8. ~ Le.oR 33 0.00 0.00 0.0 0.0 ZS.3 2.'5 O. o. C.OO 0.00 0.00 0.00 0.199 O.OOJ 1 • .J6 0.06 402. 2. LCR 34 0.00 0.00 0.0 0.0 6.6 0.7 O. o. c.oe g:8~ 0.00 0.00 0.250 0.004 1.0.13 0.09 1488. 8. L!OP 35 O. co 0.00 0.0 0.0 4.1 0.5 O. O. o.oc 0.00 0.00 1.017 0.006 1 .61 0.08 706. 4. LER 36 0.00 0.00 0.0 0.0 0.0 o. a o. o. c.ce 0.00 0.00 0.00 1 .0 05 0.006 2.8'>1 0.08 444. J. LFP 37 0.00 0.00 0.0 0.0 0.0 0.0 O. • C • C.CC 0.00 0.00 0.00 1. a 03 0.006 2.31.> 0.08 95_0. 6. ... LCR ,8 O. 00 0.00 0.0 0.0 0.0 0.0 O. c. C .,0 C O.QO 0.00 0.00 0.835 0.005 3.05 0.08 3e6. 3. LCR J9 O. 00 0.00 0.0 0.0 0.0 0.0 O. O. c.cc 0.00 o.co 0.00 1 .120 0.007 2.81 0.08 360. 3. LEn 40 9.9? 0.07 1.4 0.4 0.6 0.1 195. 5. Cl.EC 0.03 0.66 o.oj O.(j~O 0.010 -2.17 o. l 1 240. lù. LEI'! -41 0.00 0.00 0.0 0.0 10.6 l'à o. c. o.oc 0.00 0.00 0.00 0.604 0.007 2.44 O. 1 1 1077. e. LEP 42 0.00 0.00 0.0 0.0 10.0 1. O. O. ç.CC 0.00 0.00 0.00 0.274 0.005 2.56 0.12 .. 43. 1. LEQ 43 0.00 0.1)0 0.0 0.0 11.6 1.2 o. o. C.OC 0.00 0.00 0.00 0.631 0.007 2.34 O. 1 t 1292. <t .' LEI'! 44 O. 00 0.00 0.0 0.0 10.4 1. a o. o. c.ce 0.00 0.00 0.00 0.408 0.006 2.50 0.1 1 121J. Ç. LFR 45 0.00 0.00 0.0 0.0 12.3 1.2 O. c. c.cc 0.00 0.00 O.OÙ 0.616 0.008 1.95 0.10 eJs. 6. LCR 46 O. 00 0.00 0.0 0.0 1.3 0.2 o. 'O. 0.00 0.00 0.00 0.00 0.238 0.005 2.8S 0.12 <;96. 7. LER 47 0, 00 0.00 0.0 0.0 6.1 0.6 O. C • c.ec O.QO 0.00 0.00 0.841 0.009 2.48 0.1 ( 1 1 72. e. LER 4'l O. 00 0.00 0.0 0.0 7.9 O.A O. C • O.CC 0.00 0.00 0.00 0 • .372 0.006 1.63 0010 lJBO. la. LER 49 0.00 0.00 0.0 0.0 1 1 • 7 1.2 O. O., O.OO.eO.OO 0.00 0.00 0.310 0.005 2.52 0.1 1 812. 6. LF.R St 0.00 0.00 0.0 0.0 0.0 0.0 O. C. C.OC 0.00 O.CO 0.00 0.639 0.005 1.66 0.06 596. .. 3. LER 52 0.00 0.00 0.0 < 0.0 0.0 0.0 O. O. C.CO 0.00 0.00 0.00 0.362 0.003 2.33 0.07 595. .J. LËR ~:J O. 00 0.00 0.0 . a .0 0.0 0.0 o. o. c.ce 0.00 0.00 o~oo 0.772 0.005 2.05 0.07 774. 5. LF:R 54 0.00 0.00 0.0 0.0 0.0 0.0 o. c. c.c-<: 0.00 o.co 0.00 0.304 0.003 2.82 0.07 991. 6. LF.R 55 O. 00 0.00 0.0 0.0 0.0 0.0 o. O. 0.00 0.00 0.00 0.00 0.J32 0.003 2.47 0.07 <;49. 5. LER 56 O. 00 0.00 0.0 0.0 0.0 C.O o. o. C.Ct 0.00 0.00 ' 0.00 0.403 0.004 2.32 0.07 1002. 6. 
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;llIoIPLE' (UI IPP"" (SC,\ (PP"') .'11 l.A (PP"! 1 (SM) (l'PM) (PPIoI) 1 IRp". '\'6 (l'PM) (Lut AS (PP"". (SB) (PPMl 

LER 1 0.0 0.0 C.O o.e o. c. :! 2.5 C.3 4.9 0.1 2.4 0.2 0.31 0.03 10.6 0.4 O.OG O.CO 
'+\ 

LFR 2 0.0 0.0 0.0 0.0 8. 3. 3e.<; C. e E. 1 0.1 2.9 0.2 0.37 0.02 12.1 ~.6 0.00 0.00 1) LER 3 0.0 C.O 0.1) O.C 23. O. 2<;.3 c.e :.6 O. \ 3. 1 0.3 0.47 0.03 c:; • 1 2. 1 O.OO'Y 0.00 , 
~ LER .. 0.0 0.0 0.0 o.e 3. ~. 26.2 C. é 4.5 0.1 1.9 0.2 0.J5 0.02 9.6 1.8 0.00 0.00 LrR 5 0.0 0.0 0.0 O.C 1. :J. ~e.l (.E {J.e 0.1 3. a 0.2 0.35 0.02 9.2 1.6 0.00 0.00 LI':R 6 0.0 0.0 C.O O.C 3. 3. 44.3 C.7 .1 0.1 3.2 0.2 0.47 o.OJ 14.7 1.7 0.00 O.OC _ LEI'! 7 0.0 O.C 0.0 o.e ,177. e6. ~t.o C. e 4.2 0.1 2.7 0.3 0.35 0.05 10.4 1.2 0.00 0.00 LEI'! R 3.7 1 • 4 0.0 0.0 \ 51 • 5. ~c.e 1. 1 e.5 0.3 3.3 1 • t; 0.46 O.ll 9.2 ?o 0.6<; 0.21 ... LCR 9 1 .11 C.~ 0.0 O.ç , 9. 2. :!3.3 1. 1 ~.9 0.2 2.9 0.7 0.32 0.10 8.7 1.7 0.7c: 0.23 lER to 1.2 0.4 0.0 0.0 9. 2. 2~.e (.C; ~.e 0.2 2.0 0.6 0.26 0.08 ·r.5 1.6 0.7,3 0'.23 0 

LER tl 0.0 C. a c.o 0.0 77. 39. 20.7 C • ~ :3.3 0.1 1.6 0.3 0.22 0.04 Ç.4 1.0 0.00 0.00 LEI'! 12 010 0 c.O 0.0 0.0' 19. 10. 2<;.4 (. 4 ~.4 0.1 1. <;) 0.3 0.32 0.05 5.0 0.13 0 ... 00 0.00 '-- t. E"R 13 0.0 0.0 0.0 o .{; 29. 15. 2<i.t5 C.4 ~. 1 0.1 2.7 0 

0.3 0.38 0.05 9.1 0.8 0.00 0.00 .\.ER 14 0.0 0.0 ~.o o.c 21. 1 1. 2 <;.1 (.5 ~.9 0.1 3.1 0.4 0.28 0.05 4.2 0.13 0.00 o. cc' .. LF.R 15 0.0 0.0 .0 0.0 83. 4~. ::C.5 (.4· !. 1 0.1 2.4 0.3 0.17 0.04 5.1 0.6 0.00 6.00 LeR 1(, 0.0 C • a 0.0 0.0 173. 87. 3~.(i t. t !:.'i 0.1 1.8 0.3 0.35 0.05 4.9 1. 1 0.0 a o.GO LER 17 0.0 0.0 0.0 0.0 J6. 1". 27. S c.!: 4.7 0.1 I.q 0.3 0.34 0.04 9.3 1 • .3 0.00 0.00 LFR lB 0.0 ·0.0 0.0 0.0 'lB. 49. 22.t: (.5 ~.7 0.1 3.2 0.4 0.28 0.05 7.0 0.9 O.olO 0.00 LER' 1Cl 0.0 0.0 0.0 O.C 105. 5~. ~2.8 c.!: '=.4 0.1 3.3 1 0.3 0.33 0.0'" 7.1 0.9 0.00 0.00 t CR 20 0.0 0.0 0.0 0.0 207. 103. 34.e C.5 ~.9 0.1 3.1 0.4 0.33 0.05 10.6 1 .1 0.00 0.00 LE"R 21 0.0 0.0 0.0 0.0 ç. 6. :'7.5 ( , . 4.C; 0.1 2.'\ 0.2 0.38 0.03 18.9 1.2 0.00 0.00 .. 
U:R 22 0.0 C. C 0.0 0.0 J 2. 19. !1.4 C.6 e.4 0.1 3.7 0.3 0.46 0.03 15.4 1.2 0.00 O.CO Lt::R'23 0.0 0.0 0.0 0.0 31 • lB. :!C;.E (.5 t.7 0.1 3.5 b~, 3 0.1\4 0.03 lJ.t:> 1.2 0 .. 00 0.00 • leR 24 0.0 0.0 0.0 0.0 1 le. 66. 52.7 (.f ~. 1 0.1 4. 1 0.3 0.50 0.03 22.3 1. " 0.00 0.00 LFR 25 0.0 0.0 0.0 0.( 88. 50. 4<i.e C.6 e.-s 0.1 ".1 0.3 0.53 0.03 1 7.-: 1.4 0.00 0.00 LFR 26 0.0 0.0 0.0 0.0 20. 1~. 'le. 1 (. e €. 1 0.1 J.'l O.l 0.47 0.03 25.0 1.4 0.00 0.00 LER 27 0.0 O. a 0.0 0.0 114. E", ~2.~ (.~ 4.9 0.1 2.5 0.3 0.35 0.03 1".3 1 ... 0.00 0.00 LFR 28 a.o o. 0' 0.0 o.e 15. 5. 2f:. =: (.4 4.5 0.\ 2.3 0.2 0.33 0.02 t 1.9 1 • 1 0.00 0.00 LFR 2Q 0.0 C.C 0.0 0.0 q 8. 5:. ::: C;. 1 ( c- ~.e 0.1 2.4 0.4 0.,32 0.03 le.5 \.11 0.00 0.00 . -LER 30 0.0 0.0 0.0 0.0 1 (:. la. :n.~ c.e f.4 0.1 3. \ 0.3 0.42 0.03 17.3 1.3 0.0 a 0.00 LER 31 0.0 0.0 0.0 0.(1 23. B. 4S.é C. 7 E.O al' J 3.4 0.3 0.48 0.03 14.0 1.7 0.00 0.,..00 LER 32 0.0 o. a 0.0 0.0 6. 3. ~ 1. E (. e E.5 0.1 4. a 0.3 0.51 0.03 17.0 1.8 0.00 0.00 LER 33 0.0 0.0 0.0 o.c S. 3. 34.<; C.6 E.l 0.1 2.5 0.2 0.33 0.02 21.8 1.7 0.00 C.CO LER 34 0.0 0.0 0.0 0.0 3. ::!. ~3.e (.7 1.2 0.1 3.4 0.3 0.50 0.03 14.4 1 .7 0.00 0.0'0 'LER 35 ~.O 0.0 0.0 O.c S. 3. 2:l.4 c.e 4.1 0.1 2.0 0.2'0.32 0.02 6.5 1.6 0.00 0.00 LFI1 3CS--- 0.0 0.0 0.0 0.0 3~. 5. 3t:.2 (. " 4.6 0.2 3.1 0.8 0.35 0.10 8.8 1 .0 0-1.00 Il. (U) Lr:R 37 0.0 0.0 0.0 o .~' ". 4. :!!:.c C.E 4.3 0.1 2.9 0.7 00-.38 0.09 7. 1 1.T 0.00 0.00 LEI'! 38 C.O 0.0 0.0 O,C 50. !:. 3C;.5 ( ... Z.4 o.z 3.1 0.7 0.47 0.10 7.1 1.7 0.00 0.00 LeI'! 39 0.0 O.C 0.0 o.c 7S. 6. .21.1 C.C; ~.3 0.2 3.1 0.6 0.34 0.10 10.5 1.9 0.00 0.00 LEn 40 5.5 1.3 0.0 o.e 109. 9. 31.3 1.3 :.9 0.3 2.8 0.7 0.46 0.10 20.1 2.9 ,.o~ 0 •• 7 LER 41 0.0 0.0 C.O o.e Il. 1. 33.1 c.e :.5 0.1 2.6 0.3 0.33 0.04 Il.3 1.0 O.OC O.CO 
ll':l1 42 0.0 ().O 0.0 0.0 62. :n.\ :!3.:l ( • !: ~. 1 0.1 2.4 0.3 0.40 0.04 8. 1 0.9 0.0 a O. a 0 1 CR 43 0.0 0.0 0.0 0.0 2e. 15. \ ::!0.:3 c.s 4.9 0.1 2.2 0.3 0.35 0.04 1.8 1. a 0.00 0.00 LF.:R 44 0.0 0.0 0.0 0.0 2E. 14. ~ 1. e (.5 ~.l 0.1 2.6 0.3 0.37 0.04 7.1 0.9 0.00 0.00 LF.:R 45 0.0 0.0 0.0 0.0 10. 7. 2~.C: (.~ ~.!:: 0.1 2.6 0.3 0.23 0.04 <;.2 1'.0 0.00 0.00 LF.R 46 0.0 0.0 0.0 o.c 67. 34. .. <1. 6 c.~ ,>.B 0.1 4.2 0.4 0.60 0.05 '>.8 1.0 0.00 O.CO 
LER 47 0.0 0.0 0.0 O.C e. 7. 2<;.6 (.~ ~ .~l 0.1 2.B 0.3 0.~2 0.05 15.5 1.2 0.00 0.00 LFIl 4A -0.0 0.0 0.0 0.0 9. _ 7. 30.0 (.~ ~.9, 0.1 2.2 0.3 0.32 0.04 PI.3 t. a 0.00 0.00 LFI< 49 0.0 o. o' 0.0 0.0 7. - 6. :1l.1 (.4 4.7 0.1 2.1 0.3 0 • .33 0.04 6.1 0.9 o.oc o.co· 
LIOR 51 0.0 0.0 0.0 0.0 45. S. 4E.7 (. ç E.9 0.2 ". 1 0.7 0.'53 0.09 8.6 1 • 5 o.OQ 0.00 LER 52 '0.0 0.0 0.0 o.c 7. 4. 47.3 C. e E.7 0.2 .3.6 0.6 0.62 0.0<; e.7 1.4 0.00 O.CO LER 5::' 0.0 0.0 0.0. 0.0 121. 7. 27. e C. e C.O 0.0 2.1 0.6 0.23 1 o. oa 10.1 1.7 0.00 0.00 tER 54 0.0 0.0 0.0 0.0 t5ë. 14. .3t: • .e 1. C C.O 0.0 2.4 o.a 0.50 o.ce 0.0 0.0 0.00 ù.oo 
LER 55 t 0'.0 0.0 0.0 O.C ll~. 4. 33.8 (.7 C.O 0.0 301 0.6 0.45 0.08 a.C) 1.3 0.00 O.CO ~ LrR ,6 0.0 0.0 0.0 0.0 2 C;. \. :?,2.5 (.7 C.O 0.0 :!.O 0.6 0.36 0.07 10.7 1.4 0.00 O. QG, .::.. r"..,:J, 
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1 
LF:R 1 fi 8. 20. E.2 o ... C. O. 1!. e C. 1 Ef.6 2.2 1.~5 0.12 9.2 o.e 1 F.R 2 211. t03. 3.3 0.7 o.. C. IS.t' C.I ec." 2.0. 1.50. 0.12 10.6 0.7 

t 
LER 3 149. e3. 4.4 0.1i O. O. 2E.l C. 1 7C.J 2.0 1.43 0.12 9·0 0.7 

'''1' lEIl 1\ 160. e4. 6.0 o.e O. - O. 1 e. 2 C. t ef.3 1.7 l.oa 0.09 7.9 0.6 " 

~t LER 5 \ 21 1. 102. 4.7 0.1 o. o. 12. 1 C. 1 61.6 1.8 1.23 0.10 9.4 0.6 LEP 1> \ :? 1 O. 102. !.'3 0.1 O. o. 1 1. c; C.I 8,.4 2.0 1.~7 0.12 10.0 0"!-6 LEP 7 
\ 1:39. 37. 6.1 1 .1 O. O. 22.C C. 1 7f:.l 4.0 1.15 0.12 10.9 0.7 LER 8 O. o. 6.6 0.1 O. o. te.2 (.~ 71 ... a.8 1.20 ".0" 10.9_ 1.4<:0 LF.R 9 O. O. ~.9 0.1 O. O. 21.4 C.4 71.9 12.2 1.58 o.,," 8.3\ 0.8 Leq 10 O. O. 5.5 0.1 O. O. 22.0 (.! SE.O 9.4 1.19 0.03 7.6 q.7 Ll::R Il 16. 25. 4.4 0.0; O. O. 17.5 C.l SE.!: ~.O 0.91 0.10 6.1 , 0.5 ,LER 12 171. 41. 1 1. '3 1 .4 O. O. 19. e C. 1 t;E.O 4.0 1.50 O. 1~ 10.0 0.6 l.CR 13 117. 32. 12.0 1 .4 O. o. 1".4 C.l 7E.5 4.0 1.29 0.13 10.5 0.6 LEP 14 169. 4t. 13.0 l.!! O. O. IE.3 C.I 71.0 4.0 1.14 0012 10..1 0.6 LFIl 15 177. 43. 12.4 l.f O. o. 1<;.7 (. 1 71.9 4.0 1.35 0.13 10.6 0.6 LEIl '16 l59. 36. 6.6 1.1 O. O. 14.1 C.l e:::.ç 4.0 1.30 Ool~ 13.9 0.7 LER 17 135. ~5. S.7 1.C O. Q. 19. e C.l 6E.e 4.0 1 .1 0 '0.12 9.0 0.6 LER 18 168. 41. 8.5 1.2 O. o. 20.5 (. 1 EC.!! 4.0 J.60 0.1,5 H.5 0.7 LER 19 16.3. 40. ".1 1 • ~ o. O. 20.4 C.1 7E.2 4.0 1.6S O.l~ 11.7 0.7 LER 20 197. 47. 8.2 1.2 O. O. ;; t. 7 C. 1 7,..2 4.0 1.48 0.14 12.1 0.7 LCR 0'1 98. 34. 5.6 0.9 O. o. 1<;.4 C. 1 1':4.6 2.' 1.19 0.10 7.9 0.8 LEP "2 90. ~4. 'i. 1 1.:< o. O. 2e.5 C.I tO~.9 2.6 2.03 0.14 15.1 1.0 LtR ?3 88. 34. fi.O o.e; O. O. 17. (, C. 1 11.e 2.2 1.62 0.12 14.3 0.9 L _R 24 If3. 51. 10.9 1 • ~ O. o. 20.6 C. 1 IOÇ.4 2.9 1.<;;a O. 14 14.3 1.0 LER 25 110. 39. C;.7 1 .;, o. O. 10;. ç (. 1 10'=.9 2.a I.es O. 1.3 15.2 1.0 LEft :<>6 149. 46. 7.1 1.C O. O. lE.7 (. 1 IO:<.E 2.7 1.66 0.12 "1-4.1 o.q LER 27 t 5 O. 48. 6.~ 1.0 O. O. él.0 C.l 7E.7 2.4 1.29 0.10 2.6 0.<1 LFR ZR 59 .. za. 6.0 (J.S o. O. 14.7 C. 1 JE.3 1.7 0..93 0.08, 6.0 0.7 LER 29 133. 4~. 1i.5 1.C O. O. tE.S ( • J I! 1 • 1 2.2 1.15 O.CC; 9.9 0.8 LER ~o 9El. :!7. 1':.2 I.C O. C. tE.S ( • 1 7,..6 2.4 I.Z9 0.10 10.0 '0.9 L FR 31 186. 90. 7.5 O.E O. O. 14.4 (.1 ec;. 1 2.0 1.~2 0.11 12.5 0.9 LEIl 3? 274. 127. , 7.4 o.t; O. O. 14. e C. 1 "E.O 20.0 2.02 0.12 12.1 0.7 LER 33 lB6. 84. 4.6 o.e O. c. lO.E (. 1 l':f.'! 1.6 1.27 O.OB B.3 0.7 

LFP 34 200. 1 ao. 1.5 O.f O. O. 12.8 C.l el.s 4.0 1.79 0.10 10.2 0.6 
LFR 35 181. 8a. l.1 o.e o. t. Il. 'i C. 1 4C;.2 1.5 1.05 0.0'il 7.4 0.5 LEP 36 114. 44. e.o 1 .~ O. O. 20.4 C.~ 71.1. 3.7 1.67 0.24 14.3 I.B 
LEP 37 67. 36. ~.6 1 • ~ O. O. 21. ~ C.2 61'.0 3.6 1.55 0.23 12.0 1.7 , , LFR 38 62. 36. '1.5 1 • (; o. O. 21.5 (.2 ea.e 3.9 1.37 0.21 16.8 2.0 LER 39 1 t: 3. 58. 7. J 1 ." O. O. 23.0 C.2 71.5 3.8 1.30 0.21 It:.5 2.0 
L"P 40 O. O. 10.5 o.~ 0 .. .c. 23.0 C.3 7C.~ 9.7 I.B4 0.10 11.8 1.3 LrR 41 161. 40. '1.8 1 • ~ O. O. 22.2 ( • 1 1~. 4 4.0 1.::3 O. 1'1 11.3 0.7 
L~ 4l H9. 44. 10.7 1.11 O. C. 22.1 C.l 7::.9 4.0 1.22 0.12 1 l." 0.7 
1 CR 43 129. 34. C;.2 1 • ~ O. O. 20.4 C. 1 7l.Q 4.0 1.35 0.13 C;.7 0.6 LER 44 113. 43. 10.4 1.:3 O. O. 22.0 C. 1 61.5 4.0 1.14 0.12 10.1 0.7 
LCR 45 124. .!2. 5.1 o.e; O. O • 15. 1 C. 1 5(;.5 4.0. 0.<;'9 0.10 8.6 0.5 LE"R 46 217. ~3. 1 3.3 1 • t: O. C. 2E.C; (. 1 91.3 '1.0 2.72 0.22 14.1 O.B 
LEP 47 . 163. 41. 7.2 1 .1 O. C. ~ 1.5 C.l 7ê.4 4.0 1.27 0.13 9.6 0.6 \. F.R 46 84. 27. 6.3 1.0 O. G. 1 e. 2 C. 1 1(.6 4.0 1.24 0.12 7.? 0.6 LE"R 49 195. 47. 14.3 I.e o. O. 2e. fi C.l 1C.7 4.0 1.25 0.12 10.4 0.6 LFR 51 f 7. ~t:. 3.8 1 • 1 O. O. 1 E. 1 (.2 <;1.9 4.1 2.24 0.30 16.0 1.9 
LFR ~? 156. 56. 5.4 1. C O. o. 20.3 C.2 <;e.o 4.3 2.32 0.30 15.8 1.9 LER 53 63. :!9. 3.8 1 • 1 C. O. 17.8 C.e t;E.3 3.5 1.76 0.25 11.6 1 .6 LEP 54 • 'J-5. ~3. 7.9 10'4 O. O. 22.2 C.2 7~.4 3.S 1.68 0.24 13.0 1. B 

~ LER 55 85. 42. 9<.4 I.e o. o. 20.2 (.2 11.e 3.6 1.57 0.23 10.2 1.7 
~ Ll!n 56 44. 34. 701 1.3 O. O. 1 e. 1 C.2 6C.2 3.5 1.57 0.23 12.2 1.7 
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l ER 1 '5.4 0.6 0.4'3 O.5~ '!:Q(:. 3'. 3.B 1 0.1 \ ~'2.7 0.9 O. O. 0.00 0.00 LER 2 5.1 0.4 0.79 0.3e 175. 10. 3.17\ 0.09 27.3 0.7 O. O. ,0.00 0.00 lFR 3 4.'3 0.5 O.!: J 0.42 82. e. e.47 o • t 4' 2E.l 0.7 O. O. 0.00 0.00 LER 4 3.6 0.4 0.56 O. J7 350. 1 e • 4.JO 0.10 ~~.ç o.a o. o. o.eo 0.00 L ER " 5 5.6 0.4 C.93 O. :n 481. 24. :!.2< O.OE 21.8 0.7 O. O. 0.00 0.00 LER 6 6.4 0.5 0.7~ O.3S'!!> 182. 10. 3.32 a .c ft 2~.<; O.Ô O. o. 0.00. 0.00 LER 7 " .5 C.S C.59 0.51 ~75. 1 e. e.02 C .12 2e ... 1 .1 O. O. 0.00 0.00 ...-... LF.R Il {, .4 t .0 0.13 O.OC 190. ::0. 4.' :J c.as IC.1 0.2 O. O. 0.00 0.00 LER 9 3.7 C.8 0.02 0.00 '=50. 47. 5.60 1.00 E':.e 0.5 o. O. 0.00 0.00 lEH la 4.7 . 1.0 O. 02 O. CC 781. E2. 5.56 0.97 (:5.5 0.5 Q. O. 0.00 0.00 LER tt 3.8 0.4, 0.40 o •• ;: 114. J5. 4.32 C .1 C :::~. 2 1.0 O. O. 0.00 0.00 LER 12 3.7 0.4 0.44 0.42 217. 1 1 • 4.32 0010 24.4 0.7 O. O. 0.00 0.00 LER 13 4.6 C.5 

'r~~ 
0.4e 2?5. 1 ~ • '1.39 0.1 1 2E.E 0.8 O. Q. 0.00 0.00 l.C"R 14- 4.8 0.5 0.51 218. 1 1 • '1.24 C .10 2~.2 0.7 o. Q. 0.00 O. 00 LER 15 4.1 0.4 • e9 0.50 224. 12. 4.39 o .1 1 27.4 0.9 O. o. 0.00 0.00 LE~ 16 5.7 0.5 0.70 C.4E 123. 7. 3.54 O.OC; 1 ~. 7 0.6 O. O. 0.00 0.00 u;,p 17 3.6 0.4 0.71 0.4!: 3E7. 18. 4.56 0.11 2e~6 0.9 o. Q. 0.00 0.00 LER lA 5.2 C.5 0.49 0.47 30e. 18. 4.84 a .1:C 2Cj.7 1.0 O. o. 0.00 0.00 LF.~ 19 5.2 0.5 0.45 0.41 342. 1 f. 4.91 0.12 21.0 1.0 o. O. 0.00 0.00 lF.~ 20 Il.6 0.5 O.COII o.s~ olS 1. 17. 5.27 0013 2S.7 1 .3 ~ O. o. O.CO 0.00 lER 21 3.8 0.5 1 .19 o. ~ 1 !:€ 7. 31. !:.Ot; 0.1 ::? J~.9 0.9 O. O. 0.00 0.00 L,:R 22 6.6 0.6 2.CS 0.67 241. 17. ~ .1':; C • 1 ~ :!!:.I 0.9 O. O. 0.00 0.00 LE'R 23 1.6 C.6 0.77 o. ~ oC 241. 17. 4.70 C .12 2E.8 0.8 O. O. 0.00 0.00 LER 24 5.6 0.6 1.C'} 0.59 212. 1 c; • 15.63 0.1 f :!e.l 1 .1 o. O. 0.00 cr-. 00 Le:R 25 6.7 0.6 1.66 0.151 231. 16. e.02 0.13 J~.Cj 1.0 O. O. 0.00 0.00 LER ?6 6.6 0.15 1. CI O." Cj 234. 16. 4.56 O.l~ .!2.Ç 0.8 O. O. 0.00 0.00 L!:'R 27 5.6 0.6 1.26 0.5'i 114. ~ 1 • ~.24 o • l:! 2f.8 1 • 1 O. O. 0.00 0.00 LEQ 28 2.6 o~ 4 0.45 0.3e 291. l'i. 4.07 0.10 ;;E.I 0.7 o. o. O.OCL 0.00 LER 29 S.5 0.6 1.19 0.51! 4e3. ~ 1 • ~.2e 0.13 ~!.7 1 .1 O. 0- 0.00 0.00 lFR 30 6.4 0.6 0.79 0.48 208. 1!:. !:.O::! 001;: 21.7 0.7 O. O. o .'CO 0.00 ll'R 31 15.3 C.5 C.4JJ 0.44 202. Cj. J.66 o.oe J4.1 0.7 O. O. 0.00 0.00 LER 32 6.5 0.5 0.13 0.4e 212. lC. 3.7'1 C.OE 32.2 0.7 O. O. 0.00 0.00 LER 33 '1.5 C.5 0.89 0.41 235. 10. :3 .27 o .17 IE.3 0.4 O. O. 0.00 0.00 L ER 34 7.7 ê.O 1.30 ~ r.5C 200. 1 1. 3.31 ' D.oe 24.8 0.5 O. O. 0.00 0.00 LFR 35 5.1 0.4 a ~(: 1 o.:!~ 214. 12. 2.9E o .07 11.0 0.5 O. O. 0.00 0.00 LER 36 7.5 1.2 a ..--te 0.67 339. 41. 5.33 0.24 34.4 1 .5 O. O. 0.00 0.00 LER 37 6.0 1. 1 0.f2 o.(e ~90. 4f. !.?9 0.24 ~2.C; 1.3 O. O. ~oo 0.00 LER 38 6./\ 1.2 1 .17 0.7:! 281. , JE. e.51 C.2!: ~ê.9 1 .5 O. O. .00 0.00 L1=R 39 6.6 1.2 1.7<; O. el: 244. 32. 6.01 0.27 .:!~.2 1.5 O. O. 0.00 0.00 LER 40 5.4 O.S 0.27 O.GO 34!;. 27. '1.50 0.8 C 4 c.'o 0.5 O. O. 0.00 0.00 LER 41 4.5 0.5 1. Cl 0.49' 27-7. 14. 4.99 o .12 ::! C.s 0.8 O. O. 0.00 0.00 LER 42 2.8 C.4 1.19 c.~~ :ë2l. 12. 5.02 0012 2f • .] 0.9 O. O. 0.00 0.00 LER 43 '1.3 0.5 0.78 C.4f 23Cj. 12. Il.64 o • 1 1 27. e 0.8 O. O. 0.00 a'jO tER 44 ~.4 C.4 1.'te 0.50 248. 13. S.l.3 o .U ;: loe o.Cj o. O. 0.00 ~ 0 LER 45 :!.7 0.4 C .31 C. ~ 7 1,. 7. la. ~ • .3 ~ O.CE 21.2 .0.6 O. O • 0.00 0.00 LER 46 4.4 0.5 0.7Q O.SE :J87. 19. l!'.97 a • 1 f 4~.2 1.3 O. O. 0.00 0.00 LER .47 4.4 0.5 l.e4 O. (; 1 366. lE. 4.82 0.12 :!l.e 0.9 o. O. 0.00 0.00 LI:R 46 4.0 0.4 1 • ~6 C.f~ 712. ~ 2. 4.19 0010 j,..o 1. a 0 .. o. 0.00 0.00 LEq 49 3.6 C.II 0.82 O.4!: 21t. t 1. 4.'17 0.1 1 211 Oc.] 0.7 O. O. 0.00 0.00 LF.R 51 7.1 1.2 2.16 O. ,.~ 210. ze. !.JCj 0.24 2!.Cj 1 .2 o. o. 0.00 0.00 LER 52 6.6 1.2 2.17 0.9" 320. ~Ij. 5.35 C.2~ ~!:.3 1 • 1 O. o. O.CO 0.00 LER 53 f.5 1. 1 O.!'O C .65 329. 40. 5.32 0.2" ~4.6 1.8 O. O. 0.00 0.00 LER 54 3.5 I.e O. cs O.t'~ :!31. 4C. 5.50 (1.25 1 S. 1 1 .4 O. O. 0.00 0.00 

A LFR 55 3.8 1.0 2.11 0.<;5 268. ~.tI • !.J.:! 0.24 "1.5 1.7 O. O. 0.00 0.00 
A lCH 56 3.6 C.9 o.ct o.oc 267. :;~. 4.'18 0.20 ~~.9 1.4 O. O. 0.00 0.00 
(Xl 
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1 0 ~ ~ l \.~ 

1 

'. 

SA"'PLE 'AL Ct) MG CU CA U) V CPf!'" TI <lIl (N'" (XI NA 0:1 K (XI "N (PPM) 

l'HL 1 a.oo 0.00 0.0 0.0 0.0 0.0 o. o. c.cc 0.00 0.00 0.00 0.211\ 0.003 1.26 0.06 739. 6. 
PHL 2 7.81 0.06 1.5 0.3 7.9 0.3 117. 4. C.4E 0.03 0.46 0.02 0.507 0.002 2.19 0.06 765. 1" • 
PH.. 3 T.!;;7 0.0C5 1 .5 0.3 7.8 0.3 lC ... " . C.44 0.02 0.58 0.02 0.617 0.002 2.11 0.06 142. 13. 
PHL A 7.67 0.05 2.1 a • J e.5 0.3 13~. 1\ • c.1l0 0.03 0.'>4 0.02 0.«;38 0.002 1.51 o.oa 12 11 • 17. 
l'HL 5 7.61'1 0.06 1.6 0.3 e .. a 0.3 126. 4. C.SC 0.02 0.58 0.02 0.606 0.005 1.78 0.06 865. 1 S • 
P.HL 7 0.00 O.OC 0.0 0.0 0.0 0.0 c. c • C.e< O.CiO 0.00 0.00 0.355 0.004 l.tiO 0.08 1267. 9. 
PHL a O. GO 0.00 0.0 0.0 0.0 0.0 O. o. o.CC 0.00 o.co 0.00 0.8~9 0.007 1.07 0.08 146:3. 1 1 • 
PH.. 9 0.00 0.00 c.o 0.0 o.e O.C c. c. 0.00 0.00 0.00 0.00 0.365 0.005 1.92 0.09 1884. 1" • 
l'HL 10 0·.00 0.00 0.0 0.0 0.0 0.0 o. c. c.oc 0.00 0.00 0.00 0.518 0.005 2.1a 0.09 1622. 12. 
l'HL Il 0.00 0.00 0.0 0.0 0.0 0.0 a. o. c.ce 0.00 0.00 0.00 0.180 0.004 1.66 0.0<;; 261u. 19. 
PH.. 12 0.00 0.0$1 0.0 0.0 0.0 0.0 o. O. o.QC 0.00 0.00 0.00 Q.3JJ 0.004 1.46 0.09 2580. 1 S. 
PHI. 13 0.00 0.00 0.0 0.0 0.0 0.0 O. Ci • C.CC 0.00 0.00 0.00 0.726 0.006" 1.-.3 0.06 959. 8. 
l'HL 14 5.81 0.05 0.6 0.2 11.7 C.3 82. J. 0.42 0.02 0.21 0.02 0.286 0.001 1.44 0.0'1 1~<;0. 15. 
PH.. 16 7.15 0.06, 1.6 0.3 10.9 Cl.:! 115 .. 3. C.4i 0.02 0.60 0.02 0.646 0.005 2.05 0.06 71 • 1:3. 
l'HL 23 0.00 0.00 0·0 0 .. 0 0.0 0.0 o. o. O.CCl 0.00 0.00 0.00 1.149 0.009 2.1J 0.08 6:37. 6. 
PH.. 24 O. 00 0.00 c.o 0.0 0.0 0.0 o. o. o.oc 0.00 0.00 0.00 0.498 0.005 2.19 0.08 eSI. 7. 

" , " 
-"SAMPLE (\.1) iPPM) (SC) (PP If) '" (FPM, I.A (PFII ) (!;II' (PPMI YB (PPMI (LU) (PPIO O\S (PPM) (SB) (PPI4) 

PKL t 0.0 C.O 0.0, 0.0 21. 3. 40.7 C.f l.4 0.2 ~.6 o.~ 0.38 0.05 24.1 0 •. 9 0.00 0-.00 PI-II. 2 2.5 o.e 2C.5 Q.~ JI. 1 • 32.9 C.5 'I.e 0.2 3.0 0.4 0.51 0.18 3.:3 0.6 0.75 0.31 l'HL 3 2.7 o.a 19.5 0.4 32;- 1. 32.2 (.A ~.7 0.2 2..5 0.4 0.34 0.13 3.9 0.7 0.44 0.18 r"HL • 1.5 0.3 21.7 o.~ 89. 2. JI.f c.! 'I.e 0.1 2.3 0.8 0.43 0.15 7.1 0.9 0.49 0.21 PH.. ~ 2.5 0.7 20.1 o.e 2e. 1. 32.9 c. ~ ~.2 0.3 2.1 0.'1 0~39 0.14 4.0 o.a 0.47 0.23 PIiL 7 0.0 0.0 0.0 0.1l 2B. 4. 3<;.1 C.!; 7.6 0.2 3.3 0.5 0.41. 0.05 10.3 0.9 0.00 0.00 PH\. fi 0.0 C.O 0.0 O.C l~. 2. 32.E (.E f.z 0.2 .3.6 0.6 0.J6 0.06 10.5 1.1 0.00 O.CO PH\. .. 0.0 0.0 0.0 0.0 25. 4. 32.1 c. !: ~.9 0.2 :3.5 0.5 0.37 0.05 7.8 O.B 0.00 0.00 °HL 10 0.0 0.0 0.0 0.0 7. 1. 33.9 c.~ E.J 0..2 J.8 0-.5 0.32 0.05 4.4 0.9 0.00 0.00 PHI.. 11 0.0 0.0 0.0 o., ç. 2. ~c. ç (.e <;.0 0.2 5.0 0.6 0.46 0.05 29.0 1.0 0.00 0.00 l'Hl 12 0.0 0.0 0..0 o .c 15. 2. 4f.C; t. f [.2 0.2 .l.a 0.5 0.4J 0.05 22.6 1.0 0.00 0.00 PHL 13 0.0 0.0 0.0 C.t o. 1. J4.f C.t _~.7 0.2 3.0 0.5 0.43 0.05 16.2 1. 1 0.00 0.00 PH.. 14 2.3 0.0. 16.9 0.4 12e. ~ 110.3 1. t E.l 0.3 3.4 0.4 0.50 0.19 20.2 0.9 o.ao 0.16 ... 
PHI. lB 2.4 C.9 19.0 0.4- 47. l. :!O.7 ( • 4 ~.6 0.3 2.4 0.4 0.30 0.15 4.0 0.1 0.78 0.28 PHL 23 p.o C.oC 0.0 (l., 23. :!. 27.e c.t E.5 0.2 2.7 0.6 0.32 0.06' 15.1 1.3 0.00 0.00 PH\. 2. 0.0 0.0 0.0 0.0 24. :!. :!J.S [ .. ! ".4 0.2 3.3 0.5 0.32 0.05 4.6 0.9 0.00 0.00 

<. .s:. 
.s:. 
1.0 

1~ 
:J 
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• 
1 

j, 

S""'PLE Ra (PPII ) CS t'PP 10\ ) (E A' (PPII ) SC 1""" ) CE CPPMJ EV (PPM J TH (Pp"'J 
r 

PHL 1 > 105. 43. E'oll- 1 • 1 
& . c. 1 !!. 1 C.l E'€ .3 2.2 1.42 0.13 fo.s c.e c. 

PHL 2 123. 8. e.7 o.! .'H. E<;. 1 c;. e C.l 1~.1 l.!! 1.27 0.06 8.1 0."2 l'HL 3 110. l~. e.z o.~ 215. 70. 19.3 '.1 72.5 2 • .3 1.1 ê o.ce S.5 0.4 Pt1l. 4 99. 15. 14.'5 1 • f "le. 144. ~ 1. e c. 1 71.1 2.8 1.26 0.10 8.1 0.4 PHL 5 69. 14. 6.1 o.~ !!43. 12!. IC;.E C. J 7~.4 2.8 1.Z3 0.11 e.s 0.4 PHL 7 1 C 8. 'le; • le.Q 1.4 o. O. 24.(; C.I 7~.7 2.4 1.36 0.13 13.0 1.0 PHl. 8 1:!2. 4l. \109 1 .! O. C. 2 O. E (. 1 71.2 2.3 1.44 O. I.J 13.8 l.g. l'HL 9 121. ~~. 7.'Z 1 .1 O. O. 2C.7 1:.1 !!iE.!: 2 • .3 1.26 O. 12 Il.B 0.<; PHl. 10 15,.. E3. le.7 1 • " o. O. 21. e Col 6E.l 2.4 1 • .3 7 0.13 Il.4 o.q PHL l' 127. 55. 1 1.1 1 .4 O. C. 20.5 ( • 1 <;1.7 2.7 1.83 0.16 12.9 1 .0 PHI... 12 150. El. 1108 1 .4 O. O. 19.Q C.l EE.q 2.6 2.03 0.17 13.1 1 • C p. ...... t:3 167. C6. 12.2 1 • f O. O. 22. !! C. 1 71.1 2.4 1.40 O. t::l 10.7 0.9 PHL 14 67. 18. 5.1 o.:'! 1151. 94. lE.E C. 1 fi C.c; .301 1.55 0.05 10.1 0.3 PH.. 18 118. 13. ;;.r; o .e O. C. 1 <;. 1 C.l 6<;.5 2.5 1.05 o.oe 1.6 0.4 . -PHL 23 186. 71. 7.1 1 • 1 G. O. 21.~ 0.1 e~.7 2.3 1. l') 0.12 11.5 0.9 P+1L 24 106. ~o. t2.1 1 • ': O. O. 22.8 C.l 1C.0 2.4 1.25 0.12 12.8 1.0 

~ 

SAI-IPLE H'" (PPII) {lA)IP< CI< (PP~) FE (U CC (PFM) (NIl CPpM. 
1 

50 (PP 101 J 

f 
PH.. 1 4.2 0.5 O.~2 O.JO J <;4. 1':: • 3.48 a. 1 c 17. f! 0.6 O. O. 0.00 0.00 PHL 2 4.4 0.2 0.72 0.C7 2::2. E. 4.73 'C .03 2~.5 0.2 125. 21. 0.24 0.09 

-11) l'HL .3 4.7 t.4 O.EI a.cs C:~3. 11 • ~ .3l C.O'5 2.3.9 0 .. 4 109. 29. 0.83 0.15 PHL 4 " .1 0".5- 0.59 0.00; ~2 1. le. e .61 t.Of :n.l 0.5 H8. 70. o.~ 0.17 PHL 5 5.0 0.4 0.40 o.oe 241. 12. " .78 o.o!: 2~.2 0.4 O. O. 0.27 0.13 PHl. 7 0.0 0.0 0.72 O. '1 1 ~E2. 17. 5 ..... 0.17 !l..1.0 1 .1 O. O. 0.00 0.00 PHL 8 6.0 o.~ 0.46 0.3(; 278. 11. :; .61: 0.1 f ~~.2 0.9 O. O. 0.00 0.00 PHL 9 4.3 OHi t.60 0.37 2'13. It. !! .62 0.16 ~::.1 1.0 O. O. 0.00 0.00 !"'HL la- 4.1 0.6 !pO .62 Cl.Je 22e. te. !: .44_ O.l!: ~~.s 0.9 o. O. 0.00 0.00 l'HL l 1 5.4 0.6 0.69 0.40 330. 20. 5.79 0.1 e 4:::.4 1.2 o. O. 0.00 0.00 l'HL 12 5.2 0.6 t.90 0.4 C ~02. 10;. !:.4 ~ a.l~ 46.6 1.3 ? O. 0.00 0.00 PHL 13 4.2 0.6 1.27 0.4 ;! 224. 15. !:.24 C.l!: ::1.8 0.9 o. O. 0.00 0.00 PHL 14 e.a C.3 C.79 0.17 ::4.3. B. 4.40 o.o~ 23.5 0.3 167. 35. 0.58 0.10 PH.. 18 4.5 C.4, 0.E'1 a.co; 22C;. t 1. 4.81 0.05 3:!.e 1.6 145. 41 • 0.60 0.14 PHL :013 5,,3 0.6 0.39 0.35 199. 14. ... SC; C .1'1 "2~.5 0.7 O. o. 0.00 0.00 
~ l' ..... 24 4.1 C.6 0.(8 c.3t 267. Il. !:.45 0.15 21.<; 0.9 O. O. 0.00 0.00 
U1 

1 
~ 

0 

j 
,\ +~:.~'~--' 
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"1 
1 

-! 

~ 

. 

..-... 
'-.J 

S","'PLE 

HR t 
TIR 2 
TlP 3 
TIR 4 
TIR 5 
TIR 6 
TtR 7 
TIR A 
TIR 9 
TIR 10 
TIR 11 
TtR 12 
TIR 1 :3 
TIR 1" 
TIR 15 
TIP 16 
TtR 17 
TIR 18 
TIR lQ 
TIR 20 
TIR <'6 
TIR i~ ,TtR 
TIR 33 
TtR 34 
TIR 35 
TIR 35 
TIR 37 
TIR 3~ 
TIR 39 
TIR 40 

,T IR 41 
TIR 42 
TIH 43 
TtR 44 
TIR 45 
llR 56 
111'1 57 
TtR 58 
TIR 59 
TIR 60 
TIR 61 
TIR 62 
TUt 70. 
TIR 73 
TIR 7" 
TIR 75 
TtR 76 
TIR 77 
TIR 79 
TIR 6'0 
TIR 81 
TIR -"87 
TIR 83 
TIR 84'"' 
TIll AS, 
TIR R6 
TIR P7 
TIll 'lA 

"1.. ( X) 

7.fJ7 0.06 
7.83 0.06 
8 .. 47 0.06 
8. C7 0.0E: 
8.2q 0.06 
P.52 0~05 
7.-;6 0.06 
tl.3? 0.06 
B.'5B 0.06 
7.:10 0.06 
Il. 08 0.06 
e.37 0.06 
Il. 14' 0.06 
7.66 0.0,5 
7. (I, 0.05 
8.59 0.06 
e.33 o .oer-
7.82 0.C6 
8.34 0.06 
7.1q o.oe 
9.16 0.06 
7.87 -0.06 
7.<;!! 0.06 
S.59 0.06 
8.23 0.06 
8.44 0.06 
8.40 0.06 
8.25 0.06 
1.01 0.06 
e.20 0.06 
8.50 0.06 
7.(,1 0.07 
7.92 0.0(-
7.91 0.06 
6:33 0.05 
e.78 0.0E: 
7. 7<) O.OG 
7.!:2 0.06 
8.21 O.Ou 
7.28 0.06 
7.54 0.06 
7.36 0.06 
7.55 0.06 
6.39 0.01 
7.61 0.06 
7.81 0.06 
6.41 0.06 
9.37 0.06 
13.09 0.06 
6.60 O.OC> 
7.71 O.OÔ 
e.15 0.06 
7.60 0.06 
7.49 a .!l6 
(;.77 '0.05 
1.43 0.05 
7.39 O.Q!; 
8.4'0 0.\16 
7.22 0.06 

IIG un CA oC) V (pJ',n 

1.8 0.3 3.7 0.2 120. 
~ 

4. 
2.4 0.3 3.3 1). 2 1;>9. <il • 
2.5 0.3 0.4 0.1 127. 4. 
2.3 0.3 I.~ O. 1 11 E. 4. 
2.~ 0.3 1 • O. 1 '39. 4. 
~.4 0.3 1.9 0.2 152. 4 • 
1.5 0.3 7.f. 0.3 107.' 4. 
2.3' 0.3 1 • 1 0.1 134. 4 • 
2. 7 ~~.3 o.q 0.1 121:. 4 • 
é:.~ 0.3 5.7 Q.2 Il <;. 4. 
2.6 0.3 0.6 0.1 121. 4. 
1 • 7 0.3 1 • 9 0.1 127. 4. 
2.3 0.3 2.1 0.1 13'1. " . 2.2 ~.~ 1.7 0.1 121. J. 
2.2 .2 1.2 O. 1 122. .3 • 
2.3 0.3 0.6 0.1 124. 3. 
2.6 0.3 2 .. 2 0.1 120;. " . 2.0 0.3 Z.O (;. 1 127. '1. 
2.4 0.3 0.7 0.1 13~. ol • 
1.3 0.3 7.1 O.Z 110. 3. 
3.0 0.3 S.8 0.2 171. 4. 
2.5 0.3 3.0 0.2 123. .. . 
2.5 0.3 1 ... 0.1 129. 3. 
2.1 {) .3 2.4 0.2 143. 4 • 
2.0 0.:3 2.0 O. 1 131. 4 • 
2.2 0.3 1. " O~I 12e. " . 1 .3 0.3 1.0 0.1 '131. 4. 
1 • 8 0.3 2.4 0.2 131. 4. 
3.0 0.3 10.7 O • .:! 124. 4. 
1.8 0.3 3.3 0.2 13<'. 4. 
2.3 0.3 1.0 0.1 127. 4. 
2.6 {) .3 5.7 o.:! 117. " . 2.3 0.3 ,2.3 0.2 122. 4. 
2.0 0.3 2.5 C.2 13 ~. 4 • 
2.0 0.3 1 .5, 0.1 128. " . 2.5 0.3 0.6 0.1 12 ... 4. 
2.6 0.3 e.e C.3 14 ~. " . 2.6 0.3 e.4 0.3 131. 4 • 
ê.8 0.3 7.7 C.~ II:!:. 4. 
2.8 0.3 a.a o.~ 132. 4. 
2.4 0.3 Il. a 0.3 137. 4. 
2.9 0.3 e.e (J.:! 12e. 4. 
3.1 0.3 a.2 o.~ 137. ~ 4. 
~.7 0.3: 13.6 0.4 145. e. 
2.8 0.3- 3.4 0..2 12~. " . 2.6 0.3 ".2 '0.2 ,12::! • " . 7.7 '0.-' 0.9 'O. 1 13<;. Il • 
1 .2 0.3 0.3 0.1 14 f. " . 2." 0.3 12.0 '0.4 1 5 1 • 4. 
1.4 0.3 7.9 c.~ 1 1 !i • 3. 
1.9 0.3 e.z 0.3 13t). 4. 
2.1 0.3 E.6 0.3 1 ~:!. " . 1.9 0.3 10.2 0.3 I:! 2. " . 1.4 0.2 '2.3 .0.1 44. .3 • 
1 .5 '0.2 7.3 C.J 112. ::! • 
2.1 0.2 4.6 '0.2 1115.. ~ . 
2.9 '0.2 a .3 0.3 12f. II • 
2.S -0.3 8.'0 '0.3 17C. 4. 
2.6 '0.3 1~.2 c." . 13e. " . 

~ 

~ 

, 

• 
'fI on (NA) l''' NA ( ,,) K (':10 "'N (l'PM' 

0.415 0.02 0.<;9 0.02 1.036 0.006 2.13 0.Z8 91:1. 14. C.", 0.03 1.00 0.02 1 • 05~ 0.006 3.55 0.37 830. 14. 
C.~t p.03 0.<;6 0.02 1. 017 0.007 2.85 0.42 726. 13. 
O.~I 0.03 I.Z3 0.03 1.334- 0.008 3.16 0.46 81"6. 14. 
c.~!: 0.03 0.<;2 0.02 1.01 tl 0.010 3.06 0.15 734. 13. 
C.5C 0.03 1 .00 0.03 1.014 0.004 Z.94 0.1<; 7<;0. 1~. 
C." " 0.03 0.60 O.OZ 0.672 0.003 2.18 0.15 "0<' • 15. C.4<; 0.03 1.14 0.02 1.218 0.OC4 2.55 0.15 726. 13. 
0.~1 0.03 1.26 0.0.3 1.251 0.9C4 2.61 0.19 805. ~4 • 
".46 O •• O.} 0.06 0.02 0.914 0.004 2.51 0.18 856. 14 • 
C.5e 0.03 '1.09 0.02 1.119 0.006 2.73 0.22 818. 14. 
C.4~ 0.03 0.<;7 0.02 1.031 0.-006 2.11 0.20 722. l'3 .. 
C.40; 0.02 1.01 0.02 1 • 051 " 0.004 2.77 0.23 b76. 12 • 
0.4! O.O~ O.S~ 0.02 1.033 0.005 2.80 0.21 604. , g: C.44 '0.02 1.00 0.02 1.096 0.005 2.78 0.Z9 763. 
C.!''i O.El2 1. 16 0.02 1.257 0.008 2.63 0.40 606. " 1 1 • 
c.~~ 0.02 1 .1 1 0.02 1.125 0.003 2.97 0.13 Sé ... 12. 
C.ol7 0.03 1.01 0'.02 0.9<;9 0.002 2.&5 0.08 S39. 1" • 
C.!' 1 O.OZ 0.90 0.02 0.930 0.002 2.77 O.Oq 1ST. 13. 
C.4~ 0.02 0.84 ' 0.02 0.882 0.006 2.06 0.01 <;80. 1" • 
C.~E 0.03 0.11 0.02 0.683 0.001 3.23 0.07 997. 16. 
0.47 0.03 1.05 0.02 1.050 0.oe2 2.95 0.12 777. 14 • 
C."~ 0.02 1.03 0.02 1.01\3 0.003 2.77 (]. 1" 748. 13. 
C.!4 0.03 0.77 0.02 0.797 0.002 Z.99 0.08 978. 15. 
C.!'4 0.03 1.09 0.02 1.142 0.003 '2.1:36 0.16 7e4. 14. 
C.4e 0.03 1010 0.02 1.108 0.01) .3 2.55 0.14 657. 13. 
C.47 0.02 0.8Y 0.02 0.969 0.003 2.94 0.15 S8S. 13. 
0~!:4 0.03 1.03 0.03 1.122 0.007 2.63 0.24 tl63. 16. 
C.4:: 0.03 0.42 0.02 0.406 Z·ooz 2.00 0.19 1455. ZOo 
C.4( .0.02 0.80 0.02 0.823 .003 3.31 0.16 1(;6. 14. 
C.~l 0.02 1.08 0.02 1.096 0.003 3.t? 0.16 679. 13. 
C.4e 0.02 0.<;9 0.03 0.993 0.003 2.71 0.11 ' 758. 16. 

~ 0.!'1 0.02 1.15 0.03 1.1'i7 0.004 2 • .;l4 0.17 56Z. 13. 
C." 1 O.OZ 0.<;2 0.02 0.937 0.004 2.61 0.17 840. 15 • 
C .. 4 'i 0.02 0.73 0.,02 0.7e7 0.003 03.12 0.17 ô33. 12. 
c.~~ 0.02 1.17 0.02 1.229 0.004 2.94 O.Zl (:'>2. 13. 
C.4C 0.02 0.38 0.02 0.373 0.001 2.84 0.07 781 • 14. f C.4! 0.02 0.40 O. ()O2 0.408 0.001 2.76 0.07 120l. 1 7. 
0.4e 0.02 0.97 0.02 0.973 0.004 2.12 0.44 917. 15. 
0.4':: 0.02 0.38 ' 0.02 0.426 O. OJ 1 2.80 '0.07 121>0. 17 • 
C.4~ 0.02 0.26 0.02 0.312 O.OOZ 2.42 0.10 019. 13. c • .4 ;;: 0.02 0.43 0.02 0.455 0.008 2.84 0.14 1180. 16. 
C.4E 0.02 0.42 0.02 O.44!.J o.ooe 2.57 0.13 1151 • 1 7. 
C.4~ 0.03 0.36 0.02 0.351 0.001 ".04 0.09 1009. 19. 
C.4f 0.02 1.01 0.02 1.033 0.005 2.48 a.lb 7'03. 1)'. C.IIE 0.02 0.<;8 0.02 1.037 0.006 2.65 0.2,9 E1:4. 14. 
C.4r; 0.0.2 1.0.5 0.02 1.076 0.'02'0 2.67 0.31 112. 12. 
<.57 0.02 0.43 0.02 0.457 0.003 2.28 0.15 939.- 1" • 
C.44 0.02 0.33 0.02 0.346 0-&02 2.45 0.12 1053. 16. 
e.4<; 0.02 1.04 0.'02 1.136 0.007' 2.65 0.29 eas. 1" • 
e.4f 0.02 1.C7 0.02 1. ic7 0.007 2.61 0.38 1 '0'05. 15. 
0.4\; 0.02 1.24 0.'02 1.242 0.004 2.22 0.36 Se6. 15 • 
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6' 

" .. 



'. Ji bdC [$ 32 ILSb.: 3 lit cALI CI . (Sltt41HUI: "VIS .Z4I!ht&!I1.UlS".!!W.t~;M;mJiiM4t11i&~~,~lt4if!~I!!l._"L.i4*iJ'39f~~~~ 

l~ 0 et 
1 ~ -

'. 1 

.... 

~ 
S"MPLE ( U) (l'l'Ml (SC) (p~1I ) .., (l'l'II' LA (P~II ) ( 511 ) (l'PMI '/'13 (PPM) (LU) (PP,.., AS (P~' ( SB) (l'PM) 

Tt} 1 0.9 0.4 20.'1 0.4 159. !. !e • .! (.! f.1 0.2 J.\ 0.4 0.45 0.10 8.9 1 • Co 0.53 0.24 Tl 2 1.7 0 0.4 20.7 0.2 I:H. 5. 27.1 C.6 " .. O.Z 2.6 0.4 0.43 0.23 9.1 1.5 0.00 0.00 .. -T rR 3 3.1 1.3 21.4 o.~ 19C. 1:. 4~. e (. <: ~.2 0.5 2.6 0.3 0.46 0.15 5.8 1.3 0.61 O.:?! TIR 4 1.1 0.4 20.6 0.4 144. t:. 4.:!. 1 c.t: ~.4 0.2 2.8 0.4 0.47 O. 1 1 5.3 0.8 0.00 0.00 TIR S 2.3 0.!5 21. a o.!: 254. S. 42.4 C.t: E.l 0.2 2.<; 0.5 0.10 0.17 13.9 1.2 o.ao 0.23 TIR 6, .a .2 1.2 20.7 o .~ 2se". 5. 4C.3 c.e !.C; 0.4 1 ... 0.4 0.10 0.18 21.2 1.6 0.00 0.00 TrR 7 0.0 0.0 17.6 0.5 112. , 
~4.9 (.t: f.3 0.1 2.2 0.4 0.45 o. Il B." 

'" ~ 
0.63 0.25 .. TIR B 1.1 0.5 20.7 O.E 108. 3. 44.2 C.7 t:.c 0.2 3.1 0.5 0.22 0.12 11.9 • a 0.66 o.?e TIR 9 1.0 C.4 20.4 O.!: 149. 4. 4 C. 5 (.7 ~.(; o. Z 2.4 0.4 0.36 0.13 8.9 1.2 0.00 0.00 TIR la 1.6 0.!5 1<;.5 0.4 <;". 3. !2.e c .. e ~.3 0.2 1.8 -O • .3 0.31 O. 1 <\ 12.6 1.5 0.66 0.23 TIR 11 0.9 

~4 
21.3 0.4 201. t:. 42. ç C.6 e.5 0.2 2.8 0.5 0.65 0.42 13.4- t.5 0.70 0.27 Tm 12 3.9 1 3 2e.S 0.4 96. '1 • 41.2 (.6 ~.4 0.4 3.1 0.4 0.39 0.15 4 • .3 1.2 0.00 0 .. 00 TIR 13 2.1 c.~ 2 C.l O.ë 101. ., 

37 • .J 1.2 e.e ~~ 2.5 0 • .3 0.42 0.10 e.2 1 • 1 0.56 O.le; 
_. 

TIR 14 2.0 20.& 0.1 12e. 4. 2!.f c.!: ~.3 2.3 0.3 0.t4 0.10 8.4 1.4 0.63 " 0.22 TIR 15 0.0 o 0 20.3 o.:: 94. 4.' 3E." c. !. !.5 0;"0'\;0... 2.3 0.3 0.52 0.08 5.3 0.6 0.00 0.00 TIR 16 0.6 0.2 :2 1 .1 O.ê 67. ~. 45.3 (.4 <:.0 0.1 3.0 0.3 0.54 0.13 10.1 1. a O.9-:! O.2~ Tl!-1 17 2.4 0.0 20."3 o.~ St. .: . ~e. ~ (. <: ~.(' 0.3 2.2 0.4 0.40 0.15 6.5 O.b 0.00 0.00 TIR lB 1.6 0.4 20.1 0.7 40. ~. 33.1 c.t: 5.(; 0.2 2.0 0.4 0.46 0.16 10.4 1.3 0.61 0.25 TIR JÇ 2.5 1.2 .2 1.1 0.( 73. :1. 42.9 t. ~ (.1 0.4 2.2 0.4 0.33 0.20 7.S 0.9 0.00 0.00 TIR 20 2.7 1. a 17.6 o.e 2'1. 1 • :!2.C (.~ ~.7 0.3 2. C 0.4 0.32 0.15 7.1 0.5 0.00 0.00 TIR ~6 1.3 a." 21".6 0.( 14. 1 • ~t:.6 (.f (.5 0.2 2.f 0.4 0.4B . Q. 14 5.3 0.5 0.00 0.00 TIR 31 3.1 1.2 1<;1.6 O. f 51. 2. ~2.2 c.e ~. 1 0.4 2.4 0.5 0.09 0.16 6.3 1.3 0.92 0.28 TIR 32 1 .. :;' 0.3 20.3 0.4 ~3. 2. ~1.0 t.<: !.4 ".1 z.e 0.2 0.23 o.ce 10.4 1.4 o.se 0.25 TIR 33 1.4 0.3 21.1-'> o.t: (4. 2. 42. 1 c. f 1.0 0.2 2.2 0.3 0.36 0.15 9.4 1. a 0.00 Il.OO TIR 34 0.0 0.0 19.9 o .'E 119. 3. :!!:.! (. f f.:! 0.1 2.3 0.4 0.24 o.Og 11.6 1.3 0.86 0.27 TPl :'15 1.8 0.4 20.2 0.11 79. 3. 40.8 C.E S.S 0.2 3.0 0.4 0.43 0.14 10.7 1.5 0.813 0.26 TfR 36 2.6 C .6, 1<;1.7 O.~ le5. :!. 31. ~ t. " 4.1i 0.2 2.8 0 • .3 0.23 0.10 S.5 0.6 0.56 0~14 UR. :n 0.0 0.0 21.2 0.4 53. 3. ~C;.4 (.1 f." 0.1 2. 1 0.3 0.40 o.oe e. 1 2.1 0.00 ., .00 TIR 3A 1.2 0.11 ~ 1 .1 o.! 15. t. 2<;.4 c.s E.3 0.2 1.7 {).4 0.35 0.12 20.5 , .5 o.ou 0.0'; Tm 39 1.1J 0.5 21.4 o. ~ 62. 3. ~~.l (.e :.e 0.3 1.6 0.2 0.41 0.14 4".4 1.0 0.00 ~ .00 TIR 40 0.9 C.2 20.0 o.!; 84. 3. J6.6 C.f ~.C; O.l 2.4 0 • .3 0.33 0.12 6.4 1.2 0.00 0.00 TIR 41 L.13 C.5 1<;.6 0.7 68. 3. 3i.3 1.C; 5.S 0.2 1 ... 0.4- 0.18 O. L 5 e.3 , 1. :3 O.Sl 0.2<; TIR 42 1 • .,3 0.4 1 q .4 o .. S \41. 4. :!!. ~ (.1 f.S 0.2 1.7 0.4 0.08 0.10 .(,.7 1.2 0.00 0.00 TIq 43 0.0 0.0 :?C.O 0.5 142. 4. ~3.5 (. ( t.O 0.1 3.1 0.4 .. 0.09 0.10 10.8 1 • 3 0.80 O.2t: TIR 44 1.3 0.4 <' 0.1 0.4 158. 4. :!~. 9 J.4 ~.e 0.2 1.9 0.4 0.32 0.13 5.1 0.9 0.00 O.OC TIR liS 2.A 1.2 ZO.8 o.~ 124. "'. 44.! (.7 5.4 0.4 2.6 0.4 0.30 0.17 . e.1 1.3 0.60 0.21 Q 
Trp.. 56 1.5 C.6 ~~.l "0.4 45. 2. 3e.4 C.4 Q.9 0.2 2.2 0.3 0.26 0.13 3.6 0.4 0.0 C 0.00 
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Ln TIR 86 1.7 0.7 .2 1.7 o.! 24. 1. 2<;.1 C.4 4.e 0.2 .1.9 0.3 0.27 0.13 2.8 0.3 0.00 O.CO Tl~ 87 1 .1 0.4 25.9 1 • .:: 18. 1. ~~.e (. ~ ~.2 0.1 2. 1 0.4 fJ.04 0.10 12 • .3 1.:1 0.00 0.00 l'V TIR BA 0.8 o.~ 21.0 o.~ O. O. :!0.1 C." 4.<; 0.1 1.4 0~3 0.17 0.06 8.4 1. 1 0.00 0.00 
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TIR 1 102. 1? .4.7 o. = 6'276.- El. 1<;.4 C.l 7!!.1 4.2 1.44 ' o .. oa e.2 O.:! TIR 2 69. 6. f.5 O... 26(. 1~. l';. e c. 1 71. e 1.7 1.1 '3 O.OS 9.5 0.3 TIR J 144. lit. f.6 0.4 o. O. 2e.5 (. 1 e::.t; 2.4 0.94 0.17 0;.8 0.4 
l' T fR 4 128. t 1 • E.O o.~ 2!;0;. f'!7. P;. c; c-. 1 eS.7 3.3 1.03 0.05 9.9 0.3 , TIR 5 145. 13. ~ .Q o .f 201. ~o. "O.E (. 1 E!.J 2.7 1. ce 0.06 10.6 0.4 ~ 
i TIR 6 1" O. 0;. f.4 0.4 315. 49. ZO.7 C.l €~.e 3.3 1 • l '5 tl.Oô t t. 2 0.3 
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TtR 7 84. 9. E.5 1 • 1 ?72. Et. 17.7 (. 1 (j!;.1': 2.6 \ .08 0.11 8.9 0.4 
1 TtR 6 76. B. 7.' o .f 160. ~. ~ 1.2 c.t EI.S 2.6 0.S4 0.09 Il.2 0.5 
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TIR 9 135. 8. E.3 o.;: 127. 2E. ?C.7 C.I 6::.8 2.9 1.03 0.06 11.2 0.3 TrR 10 89. 10. 4.7 'o. f c. c. 1 c;. 7 C.l 62.<; 2.6 0.81 0.07 1.4 0.4 TIR 11 114. 25. '5.c o • f Ig4. 67. 20.6 C.l 'iI.3 6.4 1.10 0.06 Il.0 .0.5 
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TIR ,1 s.s' 0.4 0.48 o.oe 29'1. la. 4.0;1; 0.04 2 c. c; 1.3 42. ~4. 0.44 0.22 TIR 2 5.2 C.3 0.'16 o. Of 3,62. 9. 4.<:l6 o.o~ 20.4- 0.2 a. 0'. 0.34',0.09 8 l'IR 3 6.5 0.4 C.~3 c. CE 294. 1 1 • ~. 0 7 C. C'4 1 e. 7 0.3 O. O. 0.65 0.15 TIR 4' 6.3 '0.7 0.49 O.Cf 361. 9. 4.<;<; ,C .O:! é 1. S'" 0.3. '129. :3 1. O.lS 0'.06 TlR 5 5.2 O ... C.18 o. C ç 502. I~. ~ .34 0.05 l'>.11 0.6 202. sa. 0.85 '0.16 TIR 6 6.3 0.3 ,0.36 , O. O!; !O04. 10. !O • .J 1 o .O~ 2 C. 4 . '·0.3 O. O. 0.27 0.<18 TIR 7 4.6 - C.4 0.5/J 0.1 1 JSIl. 14. '·~.5e, C.O!: ~ 1.7 0.5 126. 3'>. 0.48 0.13 TIR 8 6.1 c.c: :0.57 ~. Il ~34. 1::. 5" .:J2 0~06 24.6 0.5 1&6. 60. 1.04 0.17 TIR 9 6.2 0 .. 3 0 .. 53 o .. ce 24S. 7. ~.oç o.o~ é 1.!: 0.3 76. 25. 0.35 0.07 TIR la 4.8 c.s 0.14 0.01 ~ 92. 14. 4.81 0.05 2e.s 0.5 o. O. 0.60 0.15 TIR Il 6.5 C.6 ,0.29 0.1'1. 1<;6. 22. !:.J6 O.OE 2!:.2 0.6 G. o. 1.3t 0.1 a TIR 12 7.3 0.6 0.34 O.CE 29-5. l~ • ~.2J o.o~ ê 1.2 0.4 o. o. 0.36 O. UI TIR I:! 5.4 c.:! 0.73 O.CE 3141. 8. 5.21 O.O~ 2E.2 0.3 O. O. QO.59 0.10 TIR 14 5.6 0.4 0.43 o.oc; 3E6. lé. S.13 0.05 2~.5 0.4 O. O. 0.89 0.15 TIR IS 5.1 0.4 C.~3 O.CS 486. 13. S.12 O.O~ 2t.<i 0.4 38. 11. 0.59 0.13 'TIR 16 6.2 o.~ 0.E4 C. lE 2B2. 12. 5.22 'O-.O!: 2~.1 0.4 O. O. 0.71 0.14 TIR 17 6.1 0.3 O.SO 0',20 2~. 7. ~ .11 O.O::! ~~.c 0.2 13a. 31. 0.56 0.07 TIR la 5.8 C.5 0.56 C.12 2"l • 
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\lnU203 4.3 C.5 0.61 O. 1 ~ 474. 1 e • .. .96 C .1 1 ~é.Ç O.B o. O~ 0.00 0.00 
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VaU30? 3.8 C.4 0.77 O.lE 501. 1<;. ~.3c o .1« :!7.7 0.9 o. O. 0.00 0.00 

,1 VOU303 3 •• C.4 0.72 o. l!: 53<;. 20. E.09 0.\ :l 4~.Ç 1 .1 O. O. 0.00 0.00 
VOUJ04 3.A C.4 0.79 C. H 4(;2. 17. ~.7E C.13 3E.4 1.0 O. o. 0.00 0.00 f 
vnU401 2.9 0.3 0.56 ' O. Il tl1 O. 41. ~.o " C • 11 4E.9 1.2 o. O. 0.00 0.00 
VOU402 2.6 C.3 C.47 O. 1 C 215. e. 4.14 0.0'ô 29.2 0.7 O. O. 0.00 0.00 

--' VQU403 2.0 0.2 C.76 O. 1 ~ ë.,l. 1 1. :!.JB o • C 1 2<;.2 0.7 O. o. 0.00 0.00 
\lOU404 Z.6 0.3~.Z'5 0.05 16C;. 6. 3.36 a .07 2!:.3 0.6 O. O. 0.00 0.00 
VOU405 5.9 0.6 C.60 0.1 é 122. !:. 4.38 0.10 1<;.6 0.5 o. O. 0.00 0.00 
VOU406 "1.4 0.4 .5t ~.tC 151. E. :!.4e c • c ~ 1 ç. 6 0.5 C. O. 0.00 0.00 
VOU407 3.8 0.4 0.50 • 10 416. IS. 4.74 o .10 ~~.~ 0.8 Q. O. 0.00 0.00 
VOU408 5.1 0.( O.!:é C~ Il 4?!!. 16. Il.79 C .1 1 3~.5 0.9 o. O. 0.00 0.00 , 

VOU409 2.8 C.3 0.44 ·O.OC; 161. C:. 3.B~ t.c E 2-4.~ 0.6 O. o. 0.00 0.00 
vnU410 3.4 t.4 '0.5/> O. 1:;: 182. 7. 3.<;7 0.0<; 24.4 0.6 O. o. 0.00 0.00 
VeU"ll 5.2 0.6 0.55 0.11 95. 4. 4.C7 O.C<; le.~ 0.4 O. O. 0.00 0.00 
VOU412 c..--}:8 C.9 0.72 0.15 92. :!. 4.36 0.10 1l!.5 0.4 c. O. 0.,. 0 0 0.00 

ob VOU413 .8 0.3 c.e7 o. 14 :! ~ 1. 12. 4.4 ç 0.10 ::!~ .. 1 0.8 o. 
~'i 

o. 0.00 0.00 
VOU414 2.4 0.:3 0.56 C.ll 36:!. 1 :! • '1.le o.()~ :!!.C; 0.8 o. O. 0.00 0.00 C'I 
VQU415 2.8 c.3 0.81 O. 16 ::!50. 13 • 4.91 Doli 37.1 0.9 c. O. 0.00 0.00 1-' 
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ZYG 1 0.00 0.00 0.0 0.0 18.6 1.9 O. c. (.cc 0.00 O.CQ 0.00 0.306 0.003 2.4<1 0.06 1:<11. ~ . ZYG 2 0.00 0.00 c.o 0.0 2.5 0.3 o. o. o.c:o 0.00 0.00 0.00 0.906 0.006 2.<17 0.08 el<l. 4. 7'1'G 3 7.72 o.oc: 1.6 0.3 1i.4 0.3 13!:. '1 • C.4E 0.02 0.71 0.02 0.724 0.001 2.19 0.07 132. 13. 7,YG 4 8.12. 0.06 2.9 0.3 1.5 O. 1 lêl. '1 • (.47 0.02 0.<;6 0.02 0.994 0.003 2.~9 0.11 e14. 1 J. ZYG 6 1. al 0.06 1.6 0.2 10.9 0.3 103. 4. C .42 0.02 0.57 0.02 0.570 O.OOS 2.31 0 .. 06 (l2S. 12. 2YG 7 0.00 0.00 0.0 0.0 l'\.E l.!: C. C. C.CC 0.00 0.00 0.00 0.401 0.004 2.16 0.07 c;ça. 6. 7YG 6 0.00 0.00 0.0 0.0 12.1 1.2 o. o. c.co 0.00,0.00 0.00 0.569 0.005 2.95 Q.10 1122. 6. 7VG q 0.00 0.00 0.0 0.0 l1.4 1. 1 c. o. C.OC 0.00 0.00 0.00 0.483 0.005 2,50 0.09 10 Cl. 6. " ZYG 10 0.00 0.00 0.0 0.0 12.4 .... 1.2 o. C. C.CC 0.00 0.00 0.00 O.50b 0.005 2.78 0.09 886. 5. . 2YG Il 0.00 0.00 0.0 0.0 13.5 J.4 O. o. C.OC 0.00 0.00 0.00 0.4C;0 0.005 2.78 0.09 1054, • 6. ZY.G 12 8'i46-- o.oc; 2.'1 0.4 11.9 0.5 1:!7. 7. c.<le 0.04 0.39 0.03 0.406 0.001 2.94 0.07 83(,. 22;. ZYG 13 o. 00 0.00 0.0 Q .,0 0.0 0.0 o. o. c.cc o.ço o.co 0.00 0.368 0.005 1.70 0.00 1000. 7. 7YG 14 0.00 0.00 0.0 0.0 20.4 2.0 o. C. re.OO '0.00 0.00 0.00 0.356 0.003 1.68 0.05 e 1J. 5. lYG 15 6.31 0.06 t.S 0.2 16.9 C.4I SCi. 4 • C.:!!! 0.02 0.39 0.02 0.412 0.001 1.72 0.05 B04. 14. ZYG 16 l.S6 0.06 2.2 O.:! 10.4 0.3 136. ... C.41 0.03 0.4.6 0.02 0.520 0.002 2.93 0.06 c;eo. lb ~ ZYG 17 9.'59 0.10 2.'1 ~0.5 9.1 o.!; 17<1. l'!. c.~~ 0.05 0.47 0.04 0.524 0.004 :!.l 1 0.07 827. 25" "" 7YG 111 7. t4 0.06 2.0 0.3 1G.3 o.:! 12~ .. 4 • C.47 0.C3 0.72 0.02 0.776 0.002 • 2.40 0.09 1 153 • 17. 
{,,< ZYG 19 (j.72 0.06 1.9 0.2 16.\ 0.'1 130. ;:! • o ... e 0.03 0.53 0.02 0.546 0.006 2.52 O. Il 1153. 1~. ZYG t'O e.ll 0.06 2.3 p.3 12.1 O.~ lJ!:. " . C.44 O.OJ 1.14 0.02 1.201 0.004 0.8B 0.12 751. 1 J. . ' t'tG 21 7.36 0.,.06 1.9 0.3 10.5 O~ .:! 104. " . C.4~ 0.03 0.66 0.02 O.69Q 0.003 2.50 0.16 1139. 1 1. ZVG 22 8. C, 0.06 1.9 0.3 Cl.Cl 0.3 12E. 4. C.4Ç 0.03 0.S3 0.02 0.0'ii1 0.004 1.S7 0.16 701:1. 1" • J' lYG 23 9.31" 0.06 2.6 0.3 lO.9 (l.~ 16E. " . (.'IE 0.03 0.45 0.02 0.508 0.002 2.90 'o." 5 951. 16. 7YG. .24 9.11 0.09 2.1 0.3 10.15 0 .... 15:! • ~ . C.4 E 0.03 0.40 0.02 0."23 0.001 2.94 0.06 Ci70. ' \4. , ZYG 25 7.8~ 0.06 1.9' 0.3 11,.7 0.4 12!. 4. C.4e; 0.03 0.40 0.02 0.420 0.00,\ 2.46 0.06 (Of3. 14. 
• 7-YG ?6 1.15 0.06 2.0 0.3 10 .• 0 0.3 124. 4 • . C.4E 0.03 0.'18 0.02 0.511 0.1102 2.87 0.16 (OZ2. 1 J • : ZYG 21 1!.79 0.06 2.2 o .~ 3.8 0.2 124. 4. C.~~ 0.03 1.Cl 0.03 1.125 0.003 2.91 0.14 556. 1J. e '~ 2VG 2A 7.68 0.06 1 .4 0.3 12.0 0.3 12E. 4. C.47 0.03 0.38 0.02' 0.400 O.COI 2.71 0.06 662. 14. 7YG 29 7.44 Cf.06 1 .7 0.3 1 1 .3 0.3 114. 4·. C •• é 0.<;2 0.e1 0.02 0.877 0.003 1.94 0.11 103. 13. oc. Tyr; 30 1.36 .0.06 1.6 0.3 10.6 0.3 113. 4. C.4'4 0.03 0.51 0.02 0.577 0.002 2.S1 0.18 (;f6. 13 • m 
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SAfo4PLE 

ZYG l 
ZYG 2 
ZVG J 
lYG " lVG ~ 
ZYG 7 
ZYG 8 
7.VG 9 
ZVG 10 
ZVG Il 
ZYG 12 
7YG 13 
lVG 14 
lYG IS 
ZYG 16 
ZYG 17 
7VG 18 
ZYG 1<) 
lYG 20 
lVG 21 ' 
lYG 22 
ZYG 23 
ZYG 2.' 
7VG 2<; 
'1'YG 26 
7YG 21 
ZYG .. 8 
7VG 2Q' 
lYG JO 

( UI (PPaI, 

0.0 0.0 
0.0 0.0 
, .6 "0. E 
2.8 ô.e 
1.9 0.6 
0.0 0.0 
o.a 0.0 
0.0 0.0 
0.0 0 .. 0 
0.0 0.0 
2.7 1.1 
0.0 0 •• 0 
0.0 0.0 
t .2 0.3 
2.0 1:1.5 
2.7 0.4 
2.3 0.8 
2.7 0.4 
~.~ 0.7 
2.9 C;.9 
2.9 1.0 
2.6 ,.0 
z.? 0.1 
2.5 0.1 
3.4 0.<; 
3.1 C.4 
1.6 C.6 
2.7 o.t; 
2.7 0.7 

" 

,. 

(S<:) {PP"I W (l'PM) 

0.0 G.C 1<;. 1. 
0.0 0.0 IS. t 1 ~.? 0.4 49. 

22.4 o •• 162. ~. 
17.8 0.4 41. 1. 

C .0 o .c 1!!. 1 • 
0.0 0.0 9. 1. 
o.o~~.c ·16. t • 
c.d O.C 12. 1. 
0.0 0.0 24. ... 

26.1 0.15 71. z. 
0.0 o.e 4. J. 
0.0 0.0 le: 1. 

16.1 O.E 1 • 
2~. 1 o.~ es. z. 
2E.7 0.4 22. 1. 
19.1 o.! 20. 1 • 
,'c; o.~ E. 1. 
2 2 0.4 êl .. t. 
1 .5 o.:! 10E. ~. 
21.7 O.ç fil. ~ ... 
2 .3 o.~ 37. ' 1 • 
2 .1 o.!! 14. t • 
2 .4 o ." 68. 2. 
20 0.4 34. i. 
20.S 0.4 345. ". 
lq~9 o." ~:!. 2. 
19.9 o.~ 32. 1. 
20.4 'O •• JO. 1. 

~ 

" 
Ç. 

:> 
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l,l (P"'M 1 (~IO (PPM) 'fa (PPMI (LVI (PPIoU AS (l'PM) (50' (PPN' 

:: ê. 1 c. E 
~~,c C.E 
:!2.f C.5 
~~.~ 1. ~ 

-1.5 0.1 2.2 0.2 t-SÀ 0.02 17.5 J.S 0.00 o~co 
~. 1 0.1 2.1 0 .. 3 0.03 0.0 o. ~ 0.00 0.00 
4.-6 0.2 2.8 O •• 0.31 O. J!: 10.7 1., 0.5<; 0.20 
~. 7 0.3 2.9 0.4 0.48 0.15 10.9 0.9 1 .01 0.22 

~C;.ê C.4 4.1 0.2 2.2 0.4 0.3J 0.12 17.3 1.0 0.00 '0.00 
~106 C.E 
:!~.2 (. e 

4.C: 0.1 2.7 0.2 0.34 0.02 18.4 3.6 O.OCi <hOO 
!.I 0.2 3.0 0.3 0.4\ 0.03 26.2 4.0 0.00 0.00 

:!3.é (.8 ~.1 OoOl 2.1 0.3 0.35 0.03 34.<;; 4. t- O.OC 0.00 
~2.2 c.e 4.7 0.1 2.6 0.3 0.37 0.03 27 • .3 .4.0 0.00 0.00 
~ 2. ç c ... !!.1 0.1 2.7 0.3 0.38 0.03 25.1 4.1 0.(.0 c.oo 
:!!.ç l.!; ".1 0.3 3.2 0.4 0.29 0.20 7.8 0.6 0.00 0.00 
24.4 C.7 
23.5 c.e 
H.6 C.4 

;!.6 001 2.Z 0.2 OoOzq 0.02 411.3 ,3. q o,OC 0.00 
4.1 0.1 2.4 0.2 0.32 0.02 44.8 4.0 0.00 0.00 

./ ~.e O. 1 1.7 0.4 0.34 0.23 16.6 0.9 0."0 o.co 
33.<;; J • .ë 1.C: o • 1 3.5 0.6 0.33 o. Hi 31.4 1.2 0.0(10 0.00 
!E.~ C.4 
3S~5 c.~ 

~.2 0.1 2.7 0.4 0.59 0.21 4.2 0.7 o.se 0.20 
~ .. 3 0.2 4.0 o.e 0.51 0.18 21.4 1. S 0.90' O.Z3 

2<;. f (.4 4.2 0.1 2.+ 0.6 O.J9 0.09 24.7 1.2 O.!)~ (j.14 
;!~.4 C.E ..~ 0.2 é.4 0.4 0.37 O. Il 10.\1 1.2 0.40 O.~O 
31.2 C.4 4.1 0.3 1.7 0.2 0.20 0.14 2e.5 1.5 0.62 O.IÇ 
:!4.4 C.E 4.4 0.3 2.e 0.4 0.30 0.14 22.8 1.6 0.95 0.21 
:!6.0 1.2 f.e 0.4 2.5 O. " 0.32 0.18 1 7.3 1.1 0.97 0.16 
H.t: (.4 ~.7 0.3 2.6 0.4 0.43 C.14 3.8 o." 0.30 0.00 
J~.C J.I ~. 7 0.2 2.9 0.4 0.42 0.17 12.2 o.e 0.00 0.00 
~2.0 C.4 
40 ... 104 

!:.o .9-;) 1. e 0.3 0.27 0.14 12.5 1.0 0.4<; o.le 
f.8 0.2 2.6 0.4 0.13 G.ZO 14.1 0.7 1.42 ~.20 

Jl.~ c ... !.2 0.2 2.4 0.4 o. #, 0 0.15 Il.7 0.8 0.70 0.'1 e 
:! 2. 5 1.2 4.<; 0.2 Z.Ci 0.4 0.37 O.tO 8.5 0.9 0.60 0.19 
~ 1. e C.'I ~.3 CI.2 2.9 0.3 0.13 0.10 6.3 0.7 O.oc o.oe 
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SAMPl.E· 

lYG 1 
z.~G 2 
7YG J 
lYG .. 
ZYG 6 
lYG 7 
Z'YG 8 
7.YG q 
7YG 10 
ZVG 11 
lYG l? 
ZYG 13 
lYG 14 
7VG 15 
2'YG 16 
2'vG 17 
ZYG 18 
ZYG t9 
l'f,G 20 
7YG 2\ 
ZVG 2Z 
ZYG 23 
ZYG 24 
ZYG 2S 
7YC; 26 
lYG. ~7 
ZYG 26 
ZYG 2q 
7YG 30 

----. 

\ 

hO (PP" ) 

361. 215. 
253. 1 ES. 
106. Il. 
112. 12. 
132. . 13. 
210. 171. 
266. 1<;9. 
21;1;.' 170. 
433. ~ss. 

.413. 2'1!!. 
161. l'J. 
261. 180. 
lU,. 106. 
99. 11 • 

157. 14. 
200. 16. 
139. 1"6. 
129. 14. 
101 .. 13. 
131. 9. 
1~1. 1.6. 
156. 12. 
160. 13. 
t 3 5. 9. 
\66. 15. 
T 47. 17. 

- 126. 13. 
123. 7. 

.. 165. 15. 

') 

CS (PP "',) (fA) (PPfoI) 

f.9 O.E O. C. 
E.2 O.E O. O. 
9.9 1 .~ O. o. 
5.5 I.C 238. 12. 
E.9 D.!: 572. 97. 

10.'0 o .S o. O. 
12.7 1 .1 o. o. 
11.5 1.C o. C. 
1".0 l.ë O. o. 
12.3 1 • 1 o. O. 
tl.O 1 • 1 '!34. 92. 
Il.4 0.<; O. C. 
lE.4 1 • ~ o. O. 
17.3 l.3 O. o. 
12.4 1 • E 40e. a2. 
2.3.3 1 • " Elt:. I:!C;. ".e o .E o. o. 
lC.9 1.é ~4r;. Il ~. 
15.7 1.é 361. ll~. 
7.9 o .~ 781. 86. 

12.4 1 .. ;: 47f. 117. 
9.1 O.E 148. le7. 

12.0 o.~ 313" • 78. 
lC.l O • .:!. 592.. (:f. 
13.5 o .E 231. 7~. 

8.1 O.i! ~3e. ec;. 
c.:.4 l.~ 34f. Ci ~. 

10.8 .0.3 139. 21:. ti." o.! 207. 1:4 • 

, 
-- ~--'-

~ .' 

o 
--= 

.. 

" 
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SC U:FIf ) CE (PPM) EU {PPM J TH (PP ItJ 

1'1.<; (.1 C.O 0.0 1.19 0.10 8.8 o.e 
lE.7 C.l C. Q" 0.0 1.34 0.11 1 0.7 0.6 
~o.o C.l 7~. 1 2.3 1 .. 28 0.23 e.4 O." :'1.5 C.l EI.l 4.8 1.07 O.OE e.o 0.3 17.e (. 1 EE.6 4.5 1.21 0.08 7.2 O." l'i. 1 ( • 1 (.C O.Cl 1.28 o.le 10.1 0./3 
22.<; C.I C.O 0.0 1.2" 0.10 Il.7 1.0 
20.7 C.I c. C 0.0 1.38 0.11 9.0 O.A 
2::.0 t.1 C.C 0.0 1.::6 0.10 10.1 0.9 
21.7 C.l C~O 0.0 1.34 0.11 11.4 O.'; 
24.( C. 1 El.'! 2.Z 1.1 J 0.07 8.5 0.3 
14.5 C. 1 c.c 0.0 0.92 o.oe 7 .. 4 1.0 
l!l.E C.l 0.0 0.0 0.97 0.09 7.7 0.6 
1!!.e C.l- !!t."1 2.3 0.86 o.oa ~.4 0.3 
23.e c • 1 7'1.5 6.8 1.38 0.29 <;.1 O.!: 
2E. ç C. 1 "C.2 3.0 1.34- 0.11 10.3 0.5 
lli.2 (.1 tEl.E 5 ... 1.27 o.oe B.S c." 1'>.5 C.I 6E.3 2.4 1.15 0.25 6.7 O." 
2:'.1 ( • 1 7~. 5, 2.<,/ 1.04 0.09 S.J o.~ 
le.3 c. 1 tt.E 3.2 1.25 0.15 7.5 0.2 . , 21.6 C. 1 1~.7 2.6 1.23 0.10 8.4 0.4 
22.8 (.1 H.:! 2.7 1.26 0.10 li.5 0.5 
2~.Ç C.'I 7~.7 3.0 1 .1 1 0.09 8.7 O." 
êO.2 C. 1 72.4 1.5 1.26 0 .• 14 6.3 0.2 
2C·3 C.l 7 •• t 2.9- 1.14 0.09 7.9 0.4 
20.1 C.l 'i!:.e 6.8 1.40 0.07 10.6 0.6 
t<;.4 (.1 tt.l 2.4 I.~ 0.08 7.4 0.4 
l'i.4 e ... t 6E.l 1.3 1.10 o.o~ 7.B ,0.2 
1 ç. 3 C. t 68.1 5.2 1.10 o.oa 8.4 o." 
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5AMPLE HF (PP", (u.) (P""') Cf; (l'PI" 1 FE ( lJ CC {PFIC 1 (NI' tpPM) Sil (l'Plo<, 

lVC; t '3.4 0.5, e.e7 ,0.41 ~~o\ • .. lE. 4,.74 C.I C 2l.t 0.6 o. O. 0.00' 0.00 7YG 2 7.2 C.6 1.40 0.4e 337. 16. 5.30 O.ll 4 o. ç O.a o. o. 0.00 o.co ZYG ;) 4.3 C.4 0.48 C. (E :13 1. Il. " .64 ·0.0!i ~e •• 1.5, çç. 29. 0.31 0.13 ZYG 4 4.8 '0.4 0.40 0.11 30Ç. 1 1. 5.19 C.lf; ~ •• J O.S 134. .39. 0.36 0.12 ZVC; 6 4~1 C.4 O.!:I o.ce 20,0. <J. 4.2E 0.04 21.5 0.4 146. 35.' 0.27 0.10 ZVG 7 2.9 0.5 1.56 C.41 ;21. 12. " .86 C .11 2C;.C; -0.6 O. o. 0.00 0.00 7VG 8 3.9 0.6 0.64' O •• :! é! 4\5. ~ .. ~ 1 ~ .. ~.14 o .U! ~2.t; 0.7 o. o. 0.00 0.00 ZYG .. 4.0 0.5 t.90'c.4~ r . ". !:.1 l C .11 2e.3 <l.6 o. o. 0.00 O.co ZYG 10 3.2 O.~ ç .76 c.'<I Ci 2 4. 13.~ !;.O~ o. Il :2 7.8 '0.6 O. O. 0.00 0.00 
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APfENDIX B: Comparative analyses from the Brookhaven 

Nationàl Laboratory data bank 

Desc'riptions of the samp1es may be· found in the fol.lowing 

sources: 

SP (Sparta) 

D, M, 25 (Attic) 

l?, HS, ID (black-g1a~ed) 

Le (Ayios ,Stephanas) 

MÇ! (Berbati) 

and the rest 

. ' 

Attas et al. 1982 

F.i:).lières 1978 

B~eber et al. 1976b· 

Il 
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Il 

The' cobalt concentratiQns have not been corre~ted. for 

drill":bi~. contamina'tian. 
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~ 0264 6. " 0.E2 ~.S4 ~2E. 25. C 5.::; 0.50 0.0 0140. 14.2 3. e, 026S S.9 0.E3 . ~.f 1 eC;6. ê7.i 6.0 0.49 Q.O 149 • 15.1 502.' 0266 4.6 O.Sé 2.80 se9. :;4.E 6.S 0.39 0.0 ,/ 161. 9.7 4e6. 02t;7 3.7 0._0 :!.l= "11. :!l.E 6.3 0.45 0.0 180. 13.9 551. 0268 5.7 0.57 z.aQ 7!!'l. 2<;.( 5.9 0.J6 0.0 162. 11.4 479. , 0269 ".I! 0.61 3.10 754. :;<;.e 6.1 0.46 0.0 17.11. 10.5 ~71.· "-0270 5.<1 o.~,", ~.e., 7<;<;. 2 'S.! 5.9 0.38 0.0 141. lO.3 .94 .. 0271 5.5 0.61 2.33 E.e4. ~e.:: 6.0 0.43 0.0 \55. 16.1 4SQ. 0-261 ' 2.6 0.43 ~ ~ .. SI 327. a3.1 5.S 0.4I~ 0.0 174. 9.2 337. 0L'62 6.1 O.f 1 2.33 lO6C. .:~. ! 5.6 0.42 ,0.0 154. 7.4 3.49. 0272 2.7 0.93 3.4e <;63. ~4.C 6.4 0.40 0.0 177. 8.7 679. D273 3.8 0.48 ~ .. e4 611. ~E. ( 5.6 .().41 0.0 1.51. 12.0 442. 0214 4.3 0.54 2.41 1210. 240.1 5.4 0.36 0...0' 134. lS.a 45(;. 0275 5.1 0.!!4 1.72 468. 22 "~ 4.S 0.36 0.0 91. 4.3 ~12. 0176 4.a 0.58 1.80 62'1_ 2~. 1 ~.7 0.31 0.0 97. 6.4 349. 1>417'7 7.8 (l-45 l.e5 1217. 4: 4. f "1.6 0.34 0.0 111. 6.5 417. 14178 11.7 0.49 '. ~.OO 1217. 2!!:.e 5.2 0.3," 0.0 120. 7.1 426. MI79 9.9 0.29 1.6~ 12!:S. êë. ~ 4.2 0.32 0.0 107. 5.9 "47. 101180 6.6 0.37 1.98 1210. 2!:.( 4.6 0.33 0.0 139. 9.0 449. 

MI~l ch4 O.E" 1.<; e ,1314. ê~.~ 5.0 0.47 0.0 1 Il. 6.5 397. 

,f). 
1....J 
..... 

1 
",", 
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1 ~~ ~ 
1 ~ 

i, 1 

~ 
/ 

" .,.4 

SAM l'LE S<: (l''''''' CE (l'l'loi' EU (l'l'iii' 
JI" 

1 

1'''11- 23.2 78.3 ,,1.17 
IU20 2'.0 . '4.3 1.28 
PA22 23.5 77.C 1.29 
PA36 22.7 77.5 1.3_ 
PB18 22.9 71.4 1.23 
PB32 22.3 70.1 1.2B 
PC 2 P2.Ô 76.3 1. 1 r 
PC 4 21.~ 7Ç.6 1.25 
PE 1 23.6 1:5-.6 1.03 

,~ pE 2 25.1 Be.l 1.27 
PE 3 24.0 70.3 1. !'O 
pt; 5 23.3 53.1 1.07 
PEi: 6 24.5 7S.6 1~20 pe 1 25.6 79.8 1.17 

1 
PE22 23.2 70.3 1.24 
PE27 ~2.2 76.5 1.22 1 lOF 8 22.8 77.8 1.2 e r PGi?l- 2_.8 E7.~ 1.66 

,1 • PG3? 24.9 70;.3 1.77 
HS27 22.2 70.9 1.14 
HS56 24.1 0.0 1.29 
H~57 22.7 <;7.9 1.24 
HS59 22.;) 112.6 1.3<1 
HS60 23.5 4e.9 1 • .39 
r030 23.8 el.8 1.36 
10'2 25.5 87.2 1.42 
11)4,. 24.0 ",1<;.4 1.13 
LR. 1 75.3 7A.4 .1-.48 

,LR 3 23.8 aO.5 1.43 
(016 2;).0 64~0 a. 28 
t029 '3.5 81.9 1.28 
tO~6 22.8 79.6 1.26 
t027 21.8 es.l 1.,e 
10"28 14.,2 50.9 0.71 
(1'>33 22.6 16.6 1.<12 
1039 24.6 e4.0 1.3"6 
1040 2'1.9 e4.6 1.28 
1041 2J.~ l'4.0 1.33 
IC)4~ 24.0 p.4.e J.25 
HS2B 22.2 14.<; 1.23 ... HS",O 22.5 715.5, 1.~9 
0191 2S.1 82.3" 1.44 
0192 ?s.e 1:'2.3 1.40 
0193 25.4 F6.4 J.47 
0194 24.0 E5.6 I.~J 
0195 ?s.a ~C.5· I.'!O 
Ol96 25.6 BO.2 1."0 
D197 \ ,23.3 ES.6 1.28 
0198 .24.6 e7.2 \.43 
OlQ9 24.1 aa.9 1.43 
0200 24.6 77.4 1.36 
020t 23.e 82.3 1.j5 
020? 26.0 e3.1 1.44 
0203 25.9 E1.2 I.EO 
0204 23.8 84.0 1.40 
0205 25.0 <; ".7 1.48 

I~ ~ 

TH (PP .. , I-F (l'PM' T~ (PPN, CR (l'PM. 

11.1 ~. 1 C.79 !:20. 
Il.4 ~. 1 C./!2 628 • 
Il .15 4.4 C .et 61'7. 
11.S o4. C t.ea 567. 
Il.7 -4.~ C.E6 624. 
1 1.0 :!. ! t.el 550. 
11.~ ~. f C.76 607. 
Il.7 4.~ C.E4 580.· 
11.9 41. ( C.~3 600. 
12.0 ~.e C.76 560. 
11.2 ~.;; 1,.09 513. 
1 ~. 1 l) !: • ( C.71 621. 
12.0 ~.( C.75 518. 
11.9 ~. 7 C.70 576. 
11..S ~.; c.e2 f>5~. 
Il.6 4. C o.es 523. 
11.7 ~.-4i C.70 520. 
12.7 4 • .; C.ES ses. 
Il.9 '1. ;! C.<;O 6.32. 
1<'.1 ~ .. l C.<;9 (, 6 1 • 
tl.0 J-. .. C.93 55<:. 
11.4 ~.c: C.'iO 55~. 
1 1 .'i ~.~ 1.00 488. 
11. E ~.! C.8Q 588. 
11.C; 4.( (j.e7 590. 
12.7 •• t 0.83 569. 
12.1 ".~ 0.92 592. 
12.1 "'.2 C.E7 (i28. 
11.B 4.( c.79 549. 
11.7 4; ~ C.74 567. 
12.Q ~.! C.74 537. 
11.2 Il.1 0.95 544. 
11.E ".f C.e3 520. 
7.5 ~.7 c~ee J!:4. 

12.0 4.( o.ea 519. 
12.9 ~. 4Ç C.1:6 fl07. 
11.9 4.t C.S4 651. 
12.1 4. ( C.73 595. 
12.4 4.": (.15 623. 
12.5 4_$ 1.36 605. 
1:!.2 4 .... 1.:!O 661. 
12.7 -t.~ C.~4 558. 
12.4 ... l 1.01 572. 
1:!.:! ". t 1.16 624. 
12.9 ~ .. J C.li6 590. 
13.'! !. 1 0.54 659. 
1l.t! .. . ~ C.li" 5~2 • 
Il.9 4.4 1.00 600. 
12.1 4. ~ 1.QO 5'9;). 
12.7 4.! C.El 600. 
12.1 :!.E C.7S 651. 
12.0 \. ~ c.ço 579. 
12.5 ~." C.EI 6e6. 
t:!.2 4. ~ C.l;) 572. 
12.0 4.~ C.E2 527. 
12.6 4.7 C.90 652. 

FE , Xl CO ,(l'PM) 

'5.57 33.4 
5.Ç7 3801 
5.89 37.6 
5.66 38.8 
5.77 38.9 
5.&2 39.1 
5.66 36.0 

" 5.73 38.6 
5.96 39.9 
(; .13 35.9 
5.76 33.0 
5.7B 36.6 
5.89 35.7 
6.i34 37.8 
5_73 38.9 
5.4-7 37.1 
5.Be 3_.0 

·6.14 41.4 
6.16 37.2 
5.93 39.2 
6.00 4!h'l 
5.66 "39.8 
5.45 5.0.0 
s.e4 39.5 
5.94 39.4 
6.2\ 3<;.9 

~ 5.96 35.3 
6.34 41.B 
5.92 38.9 
5.68 31.3 
5.73 38.1 
5'[54 35.9 
5.43 35.6 
3.51 24.5 
5.49 36.4 
6.11;. 40.6 
6.20 4.2.2 
5.16 38.0 
6.09 ~0.1 
5.43 36.<; 
5.96" 38 •• 
6.24 37.9 
6.39 36.7 
6.56 39.6 
6.10 36.5 
6.67 42.3 
6.21 37.8 
5.73 J!S7.B 
6.02 ;~:} 6.03 
6.25 41 .:3 
5.83 36.6 
6"6 41.6 
6.40 40.3 
5.82 39.0 
6.31 41.6 

SB (1'1'>104) 

2,.15 
2.19 
2.45 
2.19 
1.94 
2.20 
2.55 
2.ô 1 
3.26 
4.07 
2.67 
3.14 
3.09 
3.69 
2.43 
2.95 
2.93 
2.89 
2.62 
2.33 
t.6l 
1.82 
1.7a 
1.69 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
"0.00 
0.00 
0.00 
0.00 
0.00 
0.82 
3.12 
2.20 
0.95 
2.03 
2.05 
2.21 
2.00 
1.73 
t.3U 
1."7 
2.34 
2.48 
1.89 
1.8U 
1.92 
2.04 

.., 

t 
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SA!4PLE 

0178 
o lBI 
0185 
011."8 
0169 
0190' 
2'502 
250-3 
i!~06 
2504 
25B5 
251\5 
0258 
0259 
0260' 
0263 
0-2f:" 
0265 
0266 
0267 
02c68 
0269 
0270 
0271 
0261 
0262 
D272 
0273 
0274 
0.275 
OZ7E 
14177 
14176 
~179 
M\eO 
101181 

.' 

" se (PPM' CE (PPIIt) EU (Pl'MI TH (FP" ) 

2~.5 76.0 1.35 12.3 . 
24.6 77.2 1. ~4 12.5 
23.3 75.3 1.34 11.E 
24.5 7e.4, 1.36 12.1 
22.6 75." 1. ?5 11.9 
24.5 1'10.2 1.42 U.5 
25.1 ee.9 1.46 12.7 
25.6 7~.6 1-28 12.7 
23.0· 7<;.3 1.35 Il.8 
26.0 76.1 1.32 12.1 
22.:1 77.9 1.2Z Il.4 
23.:3 72.0 t.:!6 11.7 
20'.4 70.3 1. II 10.1 
24.0 e2.3 1.46 l2.:! 
24.4 1e.Q 1.35 1 1.7 
23.8 t".l 1.05 ... 3 
23.0 f4.7 1.17 «;.'1 
24.9 69.0 1.26 l-Cl.!: 
23.5 e4~O 1.33 Il.2 
~25.5 E5.6 J.3 .. 12.E 
21.5 15.8 1.:29 '1 (). E 
22.2 75.8 1.31 Il .0 
20.9 75.e 1.:::15 10.3 
2 •• 3 68.2 1.29 <;.8 
17.0 81.2 l.ee 1C'.5' 
1'1.5 '77.2 "" 22 13.0 
22.8 1l~.3 1.3" l4 .0 
21.3 7 «;. 5 1.17 1001 
20'.7 \1B~0 1.15 1~.2 

. t 2." f""V 0.131 11.8 
14.5 t! 4.4 0.<;7 Al •• 
1 7.a 61.6 0.96 'i.E 
20.0 6'Ci.0 1. 06, 10'.2 
17.8 60'.5 c.ee f.S 
21.2 75.2 0.94 10.6 
21.-8 70." 1.14 10.3 

'( ~ 

1 
./ 

04 

t-F « FP," J T" (PP!4J CR (PPH' FE , i, CO (PP'O SB 'PP~I 

~.f 1.0'2 E 40'. 6.36 40'.0' 1.27 
4.~ 0.90 645. 6.28 46.2 2.0'4 
l.C; c.'ie 566. 5.7e 36.1 2.17 
l.7 t.92 621. 6.le 39.4 2.05 
4.C a.ES 60'3. S.el) 35.5 1.92 
-.1 I.C6 637. 6.14 37.6 2.66 
4.1 1.01 55"'. 6.14 60.3 2.46 
4.2 1. C3 540'. 6.21 36.3 2.45 -
•• 1 <:.Ç2 526. s.çe' 34.-CS 1.94 
4.C 1.14 50'6. 6.16 56.3 1.25 
4.4- C:.E9 493. 5.52 38.0' 2.22 ".10 1.03 511. 5.65 41.2 2.33 .. ( t.E8 4 e 1. 5.05 30.6 2.47 
4.4 C.E7 538. 5.62 39.1 2.Cie f'.. 
4. 'i 1.06 555. 5.76 36 .. 5 2.1.3 
4 .. 1 t.es 689. !5.41 36.2 1.53 
4.~ 0.56 60'4. 5.64 33.7 2.-68 
4.C C.76 .664. 5.90 39.6 2.11 
4.C c.e6 521. 5.70 41.7 2.20 
3 .. 1 C.<;3 6E5. 6.42 39.3 1.97 
-.c c.79 se". '5.54 35.3 2.15 4'._ ( .... 5 561. 5.53 35.9 2.20 
4.~ C.-f:9 537. 5.37 34.6 2.26' • 
4.~ C.78 652. 5'.42 .37.0 1.72 
f.C' 1.13 .130. 4.;32 21. B 1.03 
~.~ 1. CS 194. 5.21 23.4 1.57 
4.3 <:.«;3 175. 5.54 25.5 3.0.! 
".1 C.14 614. 4.e6 45.5 1.71 
~.! 1.05 261. 5.32 38.7 2.98 
!.1 0.«;4 e7. 3.51 22. e.- 1.24 
!. J C.«;5 190. 4.2. 33.5 1.53 .. ~ C.19 300. 4.54 26.9 6.39 
4.t 0.71 511. 5.40' 36.2 3.59 
~. ~ c.ec "90. " .57 34.2 2.33 
OI. ~ c.et 523. 5.39 34.1 2.55 
-6.~ 0.78 598. 5.72 40.3 7.91 ~ 

~ 

w 



",. f Z b lU 11 2 44:'4 a: li Jt$ Il 441§#a2i& b ; ilCS _ l) tt Z $4 lU; cu:a::: IU;:U me;e1i!lQ. ib _.2! 11 2 il, $ . $SelS! _1lJ!U1i~-"i"1 .• '!JI.IJII!I'1 n. 
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.~ 

~ '-' 

, . 

S"~PLE C" CU N" ( X) t< (li) MN (PPM) lA (!=PM) Sil (PP,.., I,U (PP"" AS (PPMJ RB (PPNI CS [PPM' BA (PPM) 
" .. 1 LeCI 0.0 il-. 70 3~S8 f;S/!. ~!.f 0.0 0.41 0.0 172. 7.9 434. ... ' ~" 

LeD:! 0.0 0.40 2.<;4 t,oç. ~3.~ 0.0 0.43 0.0 183. 10.q 346. LC 3 0.0 0.62 3.08 56:!. 40.e ° .0 0 ... 2 0.0 163. 8.9 344. 
l.~ 4 0.0 0.55 ~.72 114. 44. C 0.0 0.J8 0.0 \43. 7.2 523. l: 5 G.e 0.68 :2.811 67e. 41.~ -c.o 0.39 0.0 l64. 8.7 425. Le 6 0 • .0 0.67 :2.76 647. ~!: • .c 0.0 0.43 0.0 158. 7.1 354_ 

doC 7 0.0 0.55 '::.E~ 4f5. 37. t: 0.0 0.37 0.0 178. 7.3 355. Le 8 0.0 O.SA 2.44 l:06. ~ •• é 0.0 0.33 0.0 164_ 6.7 411. Le 9 0.Q- 0.66 ~.77 '011. --3". t: 0.0 0.4\ 0.0 179. 6.2 4"0. Le\O ~ 0.0 0.€I4 é.c:" 576. ~4.( 0.0 O.J4 o. a ' l50. 603 -465. Le Il 0.0 0.72 2.71 634. :3e.f 0.0 0.36 0.0 159. 6.8 371 .. Lel2 0.0 • 0.69 2.69 725. 31:. ( 0.0 0.36 0.0 163. 6.4 :!29. .Le13 4 • .3 0.63 ~.a ... !:f5. ~I!.f 0.0 0.36 0.0 158. 8.4 402. LC1 .. 5.6 0.69 2.24 41!6. 21.1 0.0 0_38 0.0 126. 6.6 365. LCt5 12.5 1.19 c.e .. '0 r/!. 2 E. 1 0.0 0.30 0.0 52. (lo6 e64 o. LC16 5 .. 1 0.(;3 ~.15 eS9. :!E.: 0.0 0.44 0.0 153. Bol 359. LÇ11 \ •• 5 0.61 2.12 t2E!:. 37.:3 0.0 0.36 0.0 157. 7.6 'HS. LetR' 4.1 0.b7 :!.O 2 5~4. ~t.-S 0.0 0.46 0.0 147. 8.1 412. 1.Cl<:1 5.5 0.74 2.71 729. .:!!.f 0.0 0 • .34 0.0 150. 7.9 351. I,.C20 10.3 0.4-0 c.~ 1 ·83~. 3C.~ 0.0 0.27 0.0 158. 8.2 321. MC 1 0.0 O.7t 1.98 e22. êf. C 0.0 0.29 O~O 106. 5.3 463. MC Z 0.0 o. :m 2.96 896. 3 ê.; 0.0 0.32 O.b 188. ' 7'.9 334. Ole 3 0.0 1.02. 1.'12, e~<;. ~O. ~ 0.0 0.31 0.0 lJ:!. 1.4 415. MC 4 0.0 0."2 ~.09 9C;:!. .:! 1. l O.Q 0.32 O. Q 156. 7.8 392. Iole 5 0.0 1.2 t :<.16 <;34. 3C.~ 0.0 0.32 0.0 l' 8. 4.1 514. 14C 6 0.0 0.51 .i:.1Ç 12.:!2. ;: 1. 1 0.0 0.29 o. a 1.31. 6.0 426. 'fC 7 0.0 0.68 2.70 <;;04. 2'5.( O.Q 0.31 0.0 135. 6.2 378. 
MC 8 0.0 a.fl 2.19 Sf6. 2e. J 0.0 0.28 0.0 119. 6.0 490. 
~c 9 0.0 0.70 2.16 iiO_. ~1.~ 0.0 0.32 0',0 145. 7,2 3"70. ~Cl0 0.0 0.27 :!.66 eSl. ::S.f 0.0 0.J8 0.0 201. • 8. tJ ·347. /oIctZ 0.& 0.49 ~.O 2 <;55. :!:!.' 0.0 0.33 0.0 179. 7.9 356. I4CI3 O. o."" ~.s", Ç56~ ZÇ.f 0.0 0.31 a. a 152. Ch 7 362. ... Ct4 0.0 a.ES 1.e6 94-1. 21.1 0.0 0.3'10 0.0 142. 8.9 jota. MCtS 0.0 1.24 1.37 <Ç:!4. :! 2; c: 0.0 0.34 0.0 161. a.o 3 3. '4C17 0.0 1.13 1.44 »«;71. :!1.f 0.0 0.36 0.0 151. 7.8 JOS. MC18 0.0 0.56 :.27 .,55. 3l.( 0.0 0,32 0.0 154. B.l 383. Mel9 0.0 1.29 1.:76 sail. :!~.f 0.0 0.:!4 0.0' 161. a.~ 313. 
14C2Q 0.0 0.48 2.33 1023. .:!5 .. 2 0.0 0.36 0.0 193. o a.~7 305. 

1 
MC22 0.0 o •• , ~.S5 ç?e. ~c. -; 0.0 0.:32 0.0 1:'8. 8.1 2-64 • I4C23 0.0 0.57 2.41 e59. .ê~.c o.~ 0.33 0.0 128. 6.l 367 .• 
"'C30 a.a 0.50 ,c.5'i1 eSE .. 27 .. <; 0.0 0.34 0.0 138. 8.6 356 • 

.j' 
MCJl 8.9 0.46 ~. 71 '919. ':4.1 0.0 O.J9 0.0 151. 6.9 351. 4E' 1 0.0 1.22 ,.13 524. 2~.~ 0.0 O.JO' (l.0 52. 5.9 243. AF. 2 0.0 0.77 1.46 :!:!o. IE.4 0.0 0.23 0.0 58. 3.8 173. 
AN 1 0.0 1.43 ~.~ 3 740. ~J.<Ç 0.0 0.26 0.0 BG. 7.3 305. 
A .. 2 O. a 1.25 2.59 722. ~e ... 0.0 0.27 0.0 60. 4.2 34~. 
"N 3 0.0 0.4' l.~ 1 349. 1". t 0'.0 0.14 0'.0 30. 4.0 138. DL '1 0.0 0.75 ~.17 .Je9. 40.1 0.0 0.42 c 0.0 161. 13.6 412. EU 2 0.0 1.43 1.41 e 1314. 2:'1.1 0.0 .0.38 0.0 7t. 4.6 275. EU :1 0'.0 0.29 ~.3e \C60. 31. 1 0.0 0.33 0.0' 123. 9.0 370. EU • 0.0 O.ES ~.29 C;e6. 2E.Ç 0.0 0.3~ • 0 .. 0 129. 19.2 393. KN:!2 0.0 0.57 I.Ee; 754. 22.1. 0.0 0.26 0.0 107. 5.0) 971. KN30 0.0 1.:;>4 0.67 646. ZE.7' 0.0 0.36 0.0 4t. e.8 , 645. 

.1 KN34 0..0 C.E6 2 ... 22 7e'O. 2(j.~ 0.0 0.35 0.0 121. 6.8 393. , Ra l 0 .• 0 0.73 1.'58 '7Qll. ~ 1. ~ 0.0 0.35 0.0 102. 3.7 2 ••• 
~ rRO :» 0.0 0.63 loC;S 659. 2:!.4\ 0.0 0.26 0.0 10J .. 5.1 234. 
~ 

r ,"""' 

-.~ ........... ,.;. ... ....,~ .................... 
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'';.011'-""'' - er. 
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/ 
SAMP\.E se (PFM. ce (FP"') EU (ppl, TH (PP", "1' (~p"'J Ta (PFMJ CR (PPMI Fe (lI) co (PP"'J SB (PPM) 

"- LeOI li.] 130.3 1.28 12.9 •• ç 1. 06 2e7. s'. 5!'J 23.7 0.00 Leo? 22.7 74.6 1 .. 34 Il.9 ~.E 0.82 323. 4.79 .3 9.B 0.00 L"C 3 22.7 e4 .. 0 1.40 13.4 !.I I.C7 305. 5.50 29.9 0.00 Le 4 2Q.5 E5.6 1.43 13.7 '" ., 1 .. 10 222. 4.52 a5.6 0.00 ~'. LC S 20.9 Et.S 1.30 12.3 ". t C.lfS 293. 5.07 26.6 0.00 Le 6 23.0 78.6 1.34 12.8 4.~ t.C8 .306. 5.43 32.2 0.00 Le 7 22.0 78.8 1.28 13.5 'l.'i 1.03 284. 5 • .30 26.7 0.00 Le 8 20.0 74.4 1.37 11.9 .. :: c. E 4 279. 4.99- 24.6 0 .. 00 Le 9 22.0 '14.0 1.38 14.0 !. J 1.11 a.e9. 5.27 ,30.9 0.00 LelO 19.9 78.7 1.27 Il.9' 4.1 1.00 26.3. 4.86 24.0 0.00 Leu ~ 1.0 79.0 1.38 12.5 ... E C.l0 290. 5.41 _ 0.0 0.00 LC12' 20.2 79.1 1.26 12.5 4.f o.el 269. 5.11 26.0 0.00 LCl3 19 .. 9 7E.l 1.36 13.4 4. ~ 1.12 232. 4.36 21.9 1.05 LCI4 17.8 67.1 1.15 11.0 " 4.1 C.E4 179. 4.60 21.0 2.15 LCIS lB.6- 57.9 1.09 9.9 :!.2 C.74 219. 4.94 25.9 0.9";1 Le16 20.2 Bil.6 1.45 13.3 !.~ 1.0.3 234. 4.77 24.3 1.40 Lel7 ? I.S 82.1 1.43 12.9 4.1 1.03 279. 5.48 31.5 0.67 Let8 21.6 eO.6 1.:lB 13.2 e.4 1.18 273. 5.18 29.1 1.24 LCI9 19.4 78." 1.;:,e 12.1 - 41 • 1 1.01 256. 4.91 25.-0 1.26 LC~O 20.1 ~2.2 1.21 10.2 ., c C.l.3 2,,9. 5.05 28.0 0.B7 ~.~ 

"IC 1 16'.8 56.0 1.02 ç •• 3. 7 C.~2 212. 4.27 23.8 0.00 "" 1 MC 2 23.6 68.0 1.:?2 11 •• ~.~ C.COS 299. 5.60 3~ • .3 0.00 MC 3 19.2 C:3.B 1.06 10.5 " • 1 O.S03 257. 4.7.? 27.9 0.00 MC " 21.5 E5.9 1 • 1 1 1101 ::.~ (.90 229. 5.J2 26.6 0.00 "le '5 19.2 69.3 1.55 11.0 4.t C.14 193. 4.95 23.2 0.00 \ MC 6 17.8 60.7 1.33 10.0 ~.ç 0.E3 25B. 4.52 32.6 0.00 MC 7 16.8 62.1 1.18 IC.2 41 • ( C.72 230. 4.B4 27.3 0.00 MC e 19.2 5S.7 1.13 10.2 .::.~ C.62 289. 5.04 27.1 0.00 
1 HC 9 :>0.5 ~6.4 1.22 11.4 ~. l C.E6 255. 5.17 27.3 0.00 
1 MCIO 25.3 73.3 1 .. 28 ,1:1.5 ~.~ C.70 283. 5.92 ,. J5.5 0.00 ... C12 23.3 11.4 1.22 11.9 :!.E 0.91 2.66. 5.57 31.2 0.00 .. , 1 

MCI3 19.9 62.6 1.05 10.2 ~." o .E4 233. 4.B4 27.4 0.00 1 IoIc14 22.5 66.3 1.18 11 • .3 ~.4 C.76 281. 5.76 32.2 0.00 1 MCI5 22.1 6e.l 1.18 Il.2 ~.7 0.12 274. 5.52 29.6 0.00 '1 
",C17 ?o1.1 71.6 1.14 Il.2 ~.7 C.19 250. 5 • .32 29.4 0.00 "'C18 22.7 71.2 1.34 12.1 :! •• c.e4- 240. 5.27 29.0 0.00 MCI9 22.9 7C.7 1.23 12.1 3.4 c.e7 251. 5.60 31.3 0.00 Me20 24.5 72.2 1 • Il 12.3 l • .t c.7I 266. 5.76 34.0 O~OO Me22 21.3 66.9 1.18 10.7 ~.3 0.66 27E~ 5.22 2B.7 0.00 MC23 17.8 56.0 1.04 8.6 :!. E C.64 21:5. 4.39 26.6 0.00 "C30 19.5 64.2 1.17 1 C.9 ~.4i c.el 235. 5.04 2B.4 0.67 14C31 22.3 70.6 1.412 Il.5 l.~ C.85 2.8. 5.27 30.6 0.96 

0- AE 1 16.6 !:2.0 1.25 7.4 4. 1 C.59 510. 4.42 26.2 0.00 AE 2 Il.7 33.9 0.82 5.2 2.Ç C.3T 340. 3.01 15.4 0.00 AN 1 15.e 46.9 0.14 <;.3 .-. ~ C.E. 283. 3.6"9 21 .. 7 0.00 N 2 17.6 65.9 0.99 Il.4 ~.ç C.~2 252. 1 4.54 23.2 0.00 N .3 7.5 ~1~5 0 •• 9 4.3 1. f 0.48 254. 1 • ~ 7 10.4 0.00 1 2:1.3 e6.4- 1.41 1E.e f.é 1.12 336. 6.03 ..38 .. 9 0.00 EU 30.6 57.4- 1.~2 7.0 .fI.f C.77 255. 6.26 36.8- 0.00 EU l .2 Eo\.8 1.2e 13.e t.c 0.68 291. 4.4e 23.6 0.00 EU 0\ 2 .0 1:5.0 1.57 'i.C; ~.~ C.76 325. 5.28 
, 

31.6 0.00 KN22 1 .8 !:3.6 O.E.3 8.3 ~.~ C.70 363. 4.84 31.6 0.00 KN30 21.5 57.2 1.15 <jI.O ~. 4 C·.88 463. 5.37 32.1 O.OQ KN3. 2~.2 f3.15 I.ll ..:6 ':.t C.EI fl55. 6.12 42.1 0.00 RO 1 16.5 !'J1.4 0.<;5 7.4 ~.c 0.65 617. 5.40 43.7 0.00 
~ RO 2 20.? !5~'2 0.<;4 f.J .l. J 1.0,2 158. 5.91 53.0 0.00 
...;] 
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