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ABSTRACT 
 

LENA HAKULIN:  
METALS IN LBA MINOAN AND MYCENAEAN SOCIETIES ON CRETE:  
A QUANTITATIVE APPROACH 
 
The aims of the study were both to determine whether a systematic analysis of the quantity 
and quality of the copper and bronze metal finds in all their forms in the preserved metal 
record from the Minoan Neopalatial and the Mycenaean Final Palatial and Postpalatial 
societies on Late Bronze Age Crete (ca. 1600 – 1200 BC) increases our understanding of 
these metal systems and their effect on the political economy, social values, and cultural 
habits in the society and to test a method devised especially for this study.  
 
The most decisive feature of the metal system on LBA Crete is that the island lacked viable 
ore deposits: the copper and tin needed in the bronze industry had to be imported from 
abroad. A surprisingly large amount of metal, ca. 2000 kg., has been preserved from LBA 
Crete, divided equally between ingots and objects. Scholars are generally in agreement on the 
importance of metals in the Bronze Age societies, but so far no one has focused directly on 
this topic. 
 
The study material consists of published bronze objects, ingots and refractory material, in 
total ca. 3300 finds collected from many sources. This heterogeneous material was managed 
by coding the finds and registering them in a flexible database ΧΑΛΚΟΣ especially designed 
for this study, enabling searching and sorting of the material at will. Central to the method is 
its focus on the metal amount, its volume, use and circulation, and not on specific bronze 
objects. Analyses of selected aspects of the record included the spatial distribution of the 
metal amount, the balances between metal in prestige and utilitarian objects and that between 
metal in circulation and metal permanently deposited plus its distribution in the metal cycle. 
The analyses were made for the three periods, each subdivided geographically for East, 
Central and West Crete.  
 
The approach is new in three ways: the metal-centered focus for studying Aegean societies, 
the holistic view comprising all types of copper-based metal finds, and the quantification of 
the metal finds by weight. As only some few metal weights have been published, weight 
estimations were an important part of the study.  
 
In conclusion it is argued that the method devised for the study works. The results indicate 
that metal seems to have been a crucial, strategic resource for both the Minoan and the 
Mycenaean palatial societies on LBA Crete, but the motives for acquiring it and its uses might 
have been different: for the Minoans metals were mainly prime movers for general economic 
development, they “let the metal make the world go round,” with metals a part of daily life, 
whereas the Mycenaeans regarded metal mainly as a means for generating status and power 
for an elite, strictly controlling it. In the third, Postpalatial, period metals seem to have been 
one commodity of many, to which the whole population had access.  
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ABSTRAKT 
 
LENA HAKULIN:  
KOPPAR OCH BRONS PÅ  MINOERNAS KRETA.  
METALLERNAS BETYDELSE I SAMHÄLLET CA. I600 – 1200 BC.  
 
Syftet med studien var att dels bestämma om en systematisk analys av kvantiteten och 
kvaliteten av de bevarade metallfynden av koppar och brons i alla dess former från den 
minoiska Neopalatiala och de mykenska Final- och Postpalatiala samhällena på det 
Senminoiska Kreta (ca. 1600 – 1200 f.Kr) ökar vår förståelse av metalhanteringen i dessa 
samhällen och dess inverkan på politiska, ekonomiska och sociala värdegrunder och kulturella 
sedvänjor, och dels att testa en metod utarbetad speciellt för denna studie. 
 
Den mest avgörande faktorn för metalhanteringen på Kreta under den Senminoiska perioden 
är att ön saknade ekonomiskt lönsamma metallresurser: all koppar och tenn som användes 
som råvara inom bronsindustrin måste importeras. En förvånansvärt stor mängd metal, ca. 
2000 kg. har bevarats från Senminoisk tid på Kreta. Mängden är jämnt fördelad mellan ingots 
och föremål. Det har i allmänhet rått samförstånd bland forskarna om metallernas stora 
betydelse i bronsålderssamhället, men tillsvidare har ingen undersökt frågan närmare. 
 
Basmaterialet utgöres av publicerade föremål av koppar och brons, koppar ingots samt eldfast 
material från verkstäder, totalt ca. 3300 fynd, sammanställda från ett omfattande källmaterial. 
Det heterogena materialet kunde behärskas genom att kodifiera fynden och lagra dem i en 
flexibel databas ΧΑΛΚΟΣ uppgjord speciellt för studien, som gjorde det möjligt att 
godtyckligt söka i och sortera materialet. Det centrala i studiemetoden är ett kvantitativt grepp 
med focus på mängden metall, dess volym, användning och cirkulation, och inte på specifika 
typer av bronsobjekt. Analysen av materialet inkluderar den spatiala distributionen av 
metallmängden, förhållandet mellan metallvolymen i prestige och praktiska bronsföremål och 
mellan volymen av metall i circulation och permanent deponerad som grav- eller votivgåva, 
samt dess fördelning i de olika faserna av metallcykeln. Analyserna gjordes separat för de tre 
perioderna, geografiskt indelade i Öst- Central- och Västkreta. 
 
Arbetsmetoden är ny i tre hänseenden: studiet av bronsålderssamhället på basen av 
metallfynden, det holistiska synsättet att inkludera alla typer av brons- och kopparfynd samt 
kvantifieringen av fynden på basen av deras vikt. Beroende på att endast få vikter för 
metallföremål publicerats, måste vikterna estimeras för en majoritet av fynden. 
 
En slutledning av arbetet är att den använda arbetsmetoden fungerar. Resultaten indikerar att 
metallerna var en central strategisk resurs i både de minoiska och mykenska palatiala 
samhällena under den Senminoiska perioden på Kreta, men att motiven för att förvärva och 
använda den kan ha varit olika: minoerna kan ha betraktat metaller som prime movers för den 
allmänna ekonomiska utvecklingen, “let the metal make the world go round”, metallerna var 
en naturlig del av det dagliga livet, medan mykenarna främst betraktade metaller som ett strikt 
controllerat medel för att uppnå status och inflytande för en elit. Under den Postpalatiala 
perioden betraktades metaller som en bruksvara bland andra, tillgänglig för och använd av 
hela befolkningen. 
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PREFACE 
 
Until my retirement I worked as a chemical engineer in the areas of paper industry, energy, 
environment and information science. Once I retired, I decided to devote myself to my main 
interest: Greece, and in specific, Crete and Minoan archaeology. During my whole working 
life, I traveled on and off to Crete, exploring basically every nook and cranny. The Minoan 
society always fascinated me, tickling not only my imagination but also my desire to know 
more. Luckily I retired in the summer… less than a month after my working life finished I 
was in the field, taking part in a Finnish excavation just to get the flavor of it. It was so 
exciting that one month after that, I was enrolled and starting classes in the University, taking 
courses in archaeology and Modern Greek. During my initial studies I was as usual on 
vacation on Crete. In the Archaeological Museum in Herakleion my eyes fell upon something 
I had never noticed before---around 25 copper ingots. I had never given much thought to 
metals on Crete previously (although my husband, a metallurgist, had awakened my interest 
in metals in general long before): combining my interest in Crete, in metals, and in science 
seemed to be a natural step to take, and I took it. My MA thesis in Archaeology (Hakulin 
2004) recorded and analyzed metal objects, weights, distribution, find contexts, and many 
other factors from a number of Late Bronze Age sites on Crete. The results indicated different 
social structures based on the metal aspects in the Minoan (Neopalatial) and Mycenaean 
(Final Palatial and Postpalatial) societies. Wanting to understand more of why and how the 
metals affected their societies, it seemed natural to continue with a PhD, investigating these 
aspects in more depth. The current work is the result. 
 
All my former training was in the world of science. Although I am very aware of and closely 
follow the current social debates concerning the Minoan and the Mycenaean societies, my aim 
here is to look primarily at metals in their own right and see how the societies are reflected in 
the changes in their metal usage. 



 

�x 

ACKNOWLEDGEMENTS 
 

There are two people without whose support throughout the whole process this PhD project 
would not have seen the light: my supervisor, Assoc. Professor Emerita Carole Gillis 
(University of Lund), and my computer expert, Pekka Tapiomäki. 
 
I met Carole Gillis for the first time at Athens in 1998; later, she agreed to supervise my 
Master’s Thesis, which in due time was published in the BAR-IS series. She then continued 
supervising my PhD. During numerous stays in her hospitable home in Lund we become 
friends, and I got invaluable support and help with my work on a topic which was almost 
unknown in Finland. In the last phase of the project she also corrected my English. All 
linguistic errors are, of course, my own. 
 
Due to the rapid development of IT technology, Pekka Tapiomäki has been invaluable for me 
from the beginning. Most important was the design of a File Maker application for my 
database. I am very grateful to him not only for the computer work, but also for making our 
cooperation an agreeable and fruitful teamwork. 
 
My external examiners Professor Jeffrey Soles (University of North Carolina at Greensboro) 
and Assoc. Professor Vasiliki (Lina) Kassianidou (University of Cyprus) are warmly thanked 
for critically reading my dissertation. Their comments and advice were invaluable for the final 
work.  
 
Professor Mika Lavento at the Department of Philosophy, History, Culture and Art Studies at 
the University of Helsinki has encouraged and supported my research from the beginning; his 
predecessor, the late Professor Ari Siiriäinen, was the one who gave me the impetus to 
continue with a PhD. I am grateful to both of them: even though I worked independently of 
the University of Helsinki in many ways, they were my university advisors, bolstering my 
confidence, coming with suggestions and ideas, and making me feel like a part of the team 
throughout the whole, long process. Due to my topic, I have not been involved very much in 
discussions and seminars in Helsinki: however, many people there and elsewhere have helped 
and contributed their knowledge and advice. I owe an enormous debt of gratitude to many 
people who have helped me in many ways: in particular I would like to mention Tuovi Laire 
for her patience and efficiency in arranging most of the practical matters relating to my 
studies. I am also very grateful for the excellent service of the former Helsinki University 
Library (the National Library since 2006) for always having provided me with literature not 
available in Finland, from libraries all over Europe. At Athens the Finnish Archaeological 
Institute and the Nordic Library have been a solid basis for me.  
 
I never got the opportunity to participate in archaeological fieldwork on Crete: I have 
acquired my knowledge of Bronze Age Crete by reading and following the publication of new 
scientific results, and by exploring the Minoan sites and the Cretan museums on my yearly 
holiday stays on the island. I have visited almost every site, tomb and village mentioned in the 
study. Attending seminars and conferences relating to Crete or Aegean metallurgy has been 
very important for my research. I owe such a debt of gratitude to all the people I met on these 
occasions for their support and interest in my work and for the kindness with which they took 
me, an unknown foreigner, into their circles. I wouldn´t have space to name them all, but 
please know that I am so grateful to you. With time some of the scholars became my friends 
and continued to inform me of new conferences, remembering me by sending their new books 



 

 xi 

and offprints – these sources of information have been invaluable for me sitting in Finland far 
away from the focal points of Aegean archaeology. Among them I would like to mention 
Anna Michailidou, Fulvia Lo Schiavo and Lina Kassianidou. But I owe much to all of you for 
giving me a second life in Aegean archaeology after my retirement from working as an 
engineer.  
 
Well-deserved thanks also go to my relatives and numerous friends in Finland, who have 
supported and encouraged me in this project from the beginning. The friend of mine who 
perhaps was most engaged in my studies, Marjatta Roos, passed away some years ago and I 
am very sorry she never got to see my studies finished. In particular I owe a debt of gratitude 
to Jill Aschan, with whom I have traveled in Greece since the 1960’s. Greece, Crete, the 
Cretans and the Minoan world would never have played such a central role of my life as they 
do without our friendship and travels together. I dedicate this book to her.  
 
A special thank goes also to my old friend and teacher in mathematics in the 1950’s, Eyvind 
Wichmann, Professor Emeritus in Physics at Berkeley, who with his long experience of 
academic work, has followed my researh with intrest and given valuable advice.  
 
Finally, I want to express my gratitude to my family, my late husband Håkan and my 
daughters Stina and Kajsa. My husband, a metallurgist always inspired me to study the 
metals, for what I am grateful, and my daughters have supported me throughout this long 
process.  
 



 

�xii 

LIST OF FIGURES, TABLES AND MAPS  
 
FIGURES 
 
Fig. 1.1  Regional division of Crete ..........................................................................  7 
Fig. 1.2  Metal-centered approach for studying LBA Cretan societies ....................  8 
Fig. 1.3  Hypothetical metal cycle for LBA Crete ....................................................  9 
Fig. 3.1  Metal-centered approach for studying LBA Cretan societies ..................  29 
Fig. 3.2  Hypothetical metal cycle for LBA Crete ..................................................  38 
Fig. 4.1  Bronze objects by period. Total 2676 .......................................................  41 
Fig. 4.2  Bronze objects by category. Total 2676 ...................................................  41 
Fig. 4.3  Bronze objects by site type. Total 2676 ...................................................  41 
Fig. 4.4  Bronze objects by region. Total 2676 .......................................................  41 
Fig. 4.5  Double-axes by period. Total 187 ............................................................  43 
Fig. 4.6  Chisels by period. Total 179 .....................................................................  43 
Fig. 4.7  Saws by period. Total 68 ..........................................................................  43 
Fig. 4.8  Knives by period. Total 232 .....................................................................  43 
Fig. 4.9 Swords by period. Total 100 ....................................................................  45 
Fig. 4.10 Daggers by period. Total 162 ...................................................................  45 
Fig. 4.11 Spearheads by period. Total 105 ..............................................................  45 
Fig. 4.12 Vessels by period. Total 254 ....................................................................  46 
Fig. 4.13 Razors by period. Total 162 .....................................................................  47 
Fig. 4.14 Mirrors by period. Total 75 ......................................................................  47 
Fig. 4.15 Total est. weight of bronze objects from LBA Crete  

by object category. Total ca. 1000 kg. ......................................................  53 
Fig. 4.16 Total est. weight of tools from LBA Crete  

by tool type. Total ca. 390 kg. ..................................................................  54 
Fig. 4.17 ΧΑΛΚΟΣ database. Structure ..................................................................  55 
Fig. 5.1 Neopal. East Crete. Spatial distribution of bronze objects.  
 Total 562 finds. Est. total weight ca. 210 kg. ...........................................  61 
Fig. 5.2 Neopal. East Crete. Spatial distribution of evidence of metalworking.  
 Est. weight of raw material and no. of refractory finds. 
 Est. total ca. 220 kg. Cu, 30 refr. finds .....................................................  62 
Fig. 5.3 Neopal. East Crete. Est. weight of bronze objects  
 by functional categories. Total ca. 210 kg. ...............................................  66 

 Fig. 5.4 Neopal. East Crete. Est. weight of bronze objects 
 by context. Total ca. 210 kg. ....................................................................  66 

 Fig. 5.5 Metal cycle for Neopal. East Crete: distribution of est. total weight  
 by phase. Total ca. 440 kg. .......................................................................  67 



 

 xiii 

 Fig. 5.6 Neopal. Central Crete. Spatial distribution of bronze objects.  
 Total 520 finds. Est. total weight ca. 350 kg. ...........................................  77 
Fig. 5.7  Neopal. Central Crete. Spatial distribution of evidence of metalworking.  
 Est. weight of raw material and no. of refractory finds. 
 Est. total ca. 710 kg. Cu, 56 refr. finds .....................................................  77 

 Fig. 5.8  Neopal. Central Crete. Est. weight of bronze objects  
 by functional categories. Total ca. 350 kg. ...............................................  80 

 Fig. 5.9  Neopal. Central Crete. Est. weight of bronze objects 
 by context. Total ca. 350 kg. ....................................................................  80 

 Fig. 5.10  Metal cycle for Neopal. Central Crete: distribution of est. total weight  
 by phase. Total ca. 1030 kg. .....................................................................  81 

 Fig. 6.1  Final.Pal. Central Crete. Spatial distribution of bronze objects.  
 Total 505 finds. Est. total weight ca. 140 kg. ...........................................  91 
Fig. 6.2  Final. Pal. Central Crete. Spatial distribution of evidence of metalworking.  
 Est. weight of raw material and no. of refractory finds. 
 Est. total ca. 5 kg Cu, 31 refr. finds ..........................................................  91 

 Fig. 6.3  Final. Pal. Central Crete. Est. weight of bronze objects  
 by functional categories. Total ca. 140 kg. ...............................................  93 

 Fig. 6.4  Final. Pal. Central Crete. Est. weight of bronze objects 
 by context. Total ca. 140 kg. ....................................................................  93 

 Fig. 6.5  Metal cycle for Final. Pal. Central Crete: distribution of est. total weight  
 by phase. Total ca. 150 kg. .......................................................................  94 

 Fig. 7.1  Postpal. East Crete. Spatial distribution of bronze objects.  
 Total 196 finds. Est. total weight ca. 30 kg. .............................................  10 
Fig. 7.2  Postpal. East Crete. Spatial distribution of evidence of metalworking.  
 No metal raw material found. 36 refr. material finds. ..............................  10 

 Fig. 7.3  Postpal. East Crete. Est. weight of bronze objects  
 by functional categories. Total ca. 30 kg. ...............................................  104 

 Fig. 7.4  Postpal. East Crete. Est. weight of bronze objects 
 by context. Total ca. 30 kg. ....................................................................  104 

 Fig. 7.5  Metal cycle for Postpal. East Crete: distribution of est. total weight  
 by phase. Total ca. 30 kg. .......................................................................  105 

 Fig. 7.6  Postpal. Central Crete. Spatial distribution of bronze objects.  
 Total 195 finds. Est. total weight ca. 38 kg. ...........................................  109 
Fig. 7.7  Postpal. Central Crete. Spatial distribution of evidence of metalworking.  
 Est.weight of raw material an no. of refractory finds.  
 Est. total weight 23 kg Cu, 26 refr. finds ................................................  110 
Fig. 7.8  Postpal. Central Crete. Est. weight of bronze objects  
 by functional categories. Total ca. 38 kg. ...............................................  111 

 Fig. 7.9  Postpal. Central Crete. Est. weight of bronze objects 
 by context. Total ca. 38 kg. ....................................................................  111 

 Fig. 7.10  Metal cycle for Postpal. Central Crete: distribution of est. total weight  
 by phase. Total ca. 60 kg. .......................................................................  111 



 

�xiv 

 Fig. 7.11  Postpal. West Crete. Spatial distribution of bronze objects.  
 Total 292 finds. Est. total weight ca. 35 kg. ...........................................  116 
Fig. 7.12  Postpal. West Crete. Spatial distribution of evidence of metalworking.  
 Est.weight of raw material an no. of refractory finds.  
 Est. total weight <1 kg Cu, 1 refr. find. ..................................................  116 

 Fig. 7.13  Postpal. West Crete. Est. weight of bronze objects  
 by functional categories. Total ca. 35 kg. ...............................................  117 

 Fig. 7.14  Postpal. West Crete. Est. weight of bronze objects 
 by context. Total ca. 35 kg. ....................................................................  117 

 Fig, 7.15  Metal cycle for Postpal. West Crete: distribution of est. total weight  
 by phase. Total ca. 35 kg. .......................................................................  118 

 
TABLES 
 
Table 3.1  Utilitarian bronze objects: 
 Assumed features of and impacts on the society ......................................  34 
Table 3.2  Prestige bronze objects:  
 Assumed features of and impacts on the society ......................................  35 
Table 3.3  Ritual bronze objects:  
 Assumed features of and impacts on the society ......................................  36 
Table 3.4  Balance between metal in circulation and permanently deposited:  
 Assumed features of and impacts on the society ......................................  37 
Table 4.1  Est. total weight of metal finds from LBA Crete  
 by period / region and find type ...............................................................  51 
Table 4.2 Est. total weight of metal finds from LBA Crete 
 by region / period and find type ...............................................................  52 
Table 4.3 Est. average weights of bronze objects from LBA Crete  
 by period and region, kg / object ..............................................................  53 
 
MAPS 
 
Map 1.1  Minoan Crete ..............................................................................................  2 
Map 5.1  Minoan East Crete ....................................................................................  58 
Map 5.2  Minoan Central Crete ...............................................................................  72 
Map 6.1  Minoan Central Crete ...............................................................................  88 
Map 7.1  Minoan East Crete ..................................................................................  100 
Map 7.2  Minoan Central Crete .............................................................................  108 
Map 7.3  Minoan West Crete .................................................................................  114 
 



 

 xv 

ABBREVIATIONS 
 
The abbreviations and codes used in the database ΧΑΛΚΟΣ are presented in App. I.2.
  

 CHRONOLOGY 
FN Final Neolithic  
EBA Early Bronze Age 
MBA Middle Bronze Age  
LBA Late Bronze Age 
EM Early Minoan  
MM Middle Minoan  
LM Late Minoan 
Prepal. Prepalatial  
Protopal. Protopalatial  
Neopal. Neopalatial  
Final Pal. Final Palatial  
Postpal. Postpalatial  
 

UNITS OF MEASUREMENTS 
g.  gram(s)  
kg.  kilogram(s)  
mm.  millimeter(s) 
cm.  centimeter(s) 
m.  meter(s)  
km.  kilometer(s) 
 

ANALYTHICAL METHODS 
AAS  Atomic Absorption Spectrometry 
LIBS Laser- Induced Breakdown Spectroscopy 
XRF X-ray Fluorescence Spectroscopy 
LI Analysis Lead Isotope Analysis 

 



 

�xvi 

 
PERIODICALS AND SERIES 
 
AA Archäologischer Anzeiger   
AJA American Journal of Archaeology 
ADelt Αρχαιολογικóν Δελτíον  
AR  Archaeological Reports  

 ASA Annuario della Scuola Archeologica di Atene  
 BAR British Archaeological Reports 
 BAR-IS British Archaeological Reports International Series 
 BASOR Bulletin of the American Schools of Oriental Research 
 BCH Bulletin de correspondance hellénique  
 BCHSuppl Bulletin de correspondance hellénique Supplément  
  BSA Annual of the British School at Athens 
 BSASuppl Annual of the British School at Athens, Supplement  
 CrSt Cretan Studies 
 EJA European Journal of Archaeology 
 EtCr Études Crétoises 
 JAS Journal of Archaeological Science 
 JdI Jahrbuch des Deutschen Archäologischen Instituts 
  JMA Journal of Mediterranean Archaeology 
 JRAI Journal of the Royal Anthropological Institute 
 JRGZM Jahrbuch des Römisch-germanischen Zentralmuseums  
 MASCAJ Masca Journal 
 MASCAP Masca Research Papers in Science and Archaeology 
 OJA Oxford Journal of Archaeology 
 OpAth Opuscula Atheniensia  
 PM Palace of Minos 
 ΠΑΕ Πρακτικά της Αρχαιολογικής Εταιρείας 
 PBF Prähistorische Bronzefunde 
 PPS Proceedings of the Prehistoric Society 
 PZ Prähistorische Zeitschrift 
 RA Revue archéologique  
 RDAC Report of the Department of Antiquities, Cyprus 
 SIMA Studies in Mediterranean Archaeology 
 SIMA-PB Studies in Mediterranean Archaeology /PB Pocket-book 
 SkrAth Skrifter utgivna av Svenska Institutet i Athen. 



 

 xvii 

 SMEA Studi micenei ed egeo-anatolici  
 SSAA Sheffield Studies in Aegean Archaeology 
 TAPS Transactions of the American Philosophical Society 
 TAW Thera and the Aegean World 
 WA World Archaeology 





PART I. CONTEXT OF THE STUDY 
 

CHAPTER 1. INTRODUCTION 
 

Metals…represent what may be regarded as prime or convertible value within the exchange 
systems of the eastern half of the Mediterranean…once acquired, they can be used, stored, 
recycled and redistributed at will indefinitely in a variety of different forms…and be put to 
practical as well as symbolic use…That these are the primary determinants of internal and 
international power and status is quite clear from the preoccupation of much of the 
documentary evidence with materials such as gold, silver, copper and tin. 

S. Sherratt 2000, 83. 
 
The dependence of Minoan Crete at the height of its power on foreign sources for the copper 
and tin needed to make bronze was total, since Crete has no tin and only the most negligible 
sources of copper. Bronze was of course the essential constituent of a Middle and Late Bronze 
Age society… …The security, economy and hierarchy of Crete depended significantly on 
bronze.  

Wiener 2011, 31, 33.  
 

Metals were the primary determinants of power and status in the eastern half of the 
Mediterranean in the Late Bronze Age as was so succinctly stated by S. Sherratt concerning 
the importance of metals in the 2nd Millennium Mediterranean in the quote from her article 
above, and the dependence of Minoan Crete on imported copper and tin was clearly stated by 
Wiener as quoted above in a recent article. As I stated in my Master’s Thesis, access to metals 
and metallurgical skills were crucial factors in the emergence of the Bronze Age palatial 
cultures in the Eastern Mediterranean. Knowledge of Bronze Age metallurgy and the whole 
metal cycle, from its extraction, production, trade as bulk metal or finished objects, use and 
circulation to final deposition or recycling of metalwork, is an important factor in gaining an 
understanding of these societies (Hakulin 2004, 1). The availability of copper and particularly 
tin sources was restricted to specific geographical ranges, but even non-metalliferous regions 
sometimes developed to metalworking centers that could outshine the metal-yielding ones 
(Needham 1998, 285), which might imply interconnections across impressive distances and 
relationships between groups with maritime and metallurgical know-how (S. Sherratt 2007, 
256). Bronze Age Crete is an example of a region lacking viable metal sources that developed 
a thriving bronze industry. This study deals with the role of metals in the Late Bronze Age on 
the island, from ca. 1600 BC to ca. 1200/1190 BC, comprising the Minoan Neopalatial, the 
Mycenaean Final and part of the Mycenaean Postpalatial societies.1 
  

                                                
1 For discussion of the chronology, see pp. 14-15, below.  

1 
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1.1 CRETAN OVERVIEW 
 
Crete is a large mountainous island in the Eastern Mediterranean fairly close to Egypt and the 
Near East as well as to the islands of the Aegean and what is today mainland Greece and 
Western Turkey.  
 

 
 
Map 1.1 Minoan Crete 

 
Bronze Age Crete was known in antiquity through the myths about King Minos (from which 
comes the modern name “Minoans” for the inhabitants and the culture), and for the catalogue 
of ships in Homer´s Iliad that were sent from Crete to the Trojan War. Cretans are mentioned 
in contemporary cuneiform tablets and Egyptian hieroglyphics and portrayed in their typical 
Minoan dress and hairstyles on frescoes in Egyptian tombs. However, it was not until the late 
19th c. AD that a Greek amateur archaeologist, Kalokairinos, found and began excavating 
Knossos. After a fierce competition Arthur Evans began excavations there in 1900 in the 
search for Minos’ palace and excavated and/or reconstructed the area until his death in 1941. 
His publication The Palace of Minos in four volumes was published between 1921 and 1935. 
Evans was greatly influenced by the England of his time, and to him it was natural to speak of 
“kings”, “queens”, “throne rooms” and “palaces”. Based on his finds he reconstructed a 
matriarchal society of peace-loving inhabitants. Another contribution was his division for 
Bronze Age Crete into three major periods, based on pottery developments: Early, Middle and 
Late with subdivisions. This scheme is still followed by many today although a parallel 
division was created in the 1960´s by Nicolas Platon based on social phenomena: the 
Prepalatial, Protopalatial, Neopalatial, Final Palatial and Postpalatial periods, which are used 
also in this study (see p. 11 below for comparison of the systems). 
 
On the basis of present knowledge the first settlers arrived at Crete in the Neolitic: the earliest 
traces of habitation are on the north coast, by Knossos, dating from the late 8th /early 7th 
Millennium. In the Early Bronze Age (EBA), or Early Minoan period (EM), in rough terms 
between 3000-2000 BC we see the first real use of metals: initially pure copper, then arsenic 
copper and finally tin bronze. In addition, evidence of smelting has been found in the early 
EM or FN (Final Neolithic) at Kephala Petras and at Chrysokamino perhaps later in the EM, 
as well as other northern sites such as Poros–Katsambas, Hagia Photia and Gournes 
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(Catapotis et al. 2011). This would imply that not only finished goods or raw metals ready to 
be melted were imported, but also metal ores: thus, long-distance trade must have been in 
operation in order to get the necessary metals to Crete as it has no natural metal resources of 
its own. The shift from a self-sufficient society to an export-producing economy occurred 
during this period, the first hierarchies might have developed now and the society grew to the 
extent that monumental buildings and large-scale storage areas were needed.  
 
At roughly 2000 BC the first “palaces” were erected at Knossos and Phaistos. This signaled 
the beginning of the Protopalatial or the Middle Minoan period. During the Middle Bronze 
Age there were large settlement complexes, extensive international long-distance trade and 
contacts, high-quality technology and crafts and social differentiation. Along with the rise of 
the palace economies the first writing system, Cretan Hieroglyphics, was invented. At about 
1700 BC, most of the settlements were destroyed in what must have been a massive 
earthquake. The palaces Knossos, Phaistos and Malia were rebuilt in short order and later new 
palace centers came into being. This period is called the Neopalatial, or Second Palace period. 
The writing system changed from a hieroglyphic to a syllabic one, named Linear A, and 
transcribed a non-Indo-European language. Both systems were used simultaneous for about 
50 years, for inventories and economic purposes only. They have not been deciphered yet. 
Linear A continued until the Final Palatial period, when Linear B, writing a form of archaic 
Greek, superseded it. 
 
The Minoan civilization collapsed in LM IB in the middle of the second Millennium when 
most settlements except Knossos were destroyed, due to an earthquake probably related to the 
Thera eruption, or a military intervention or internal social collapse (e.g., Brogan and 
Hallager eds. 2011, passim). The Mycenaeans seem to have taken control of Knossos in Early 
LM II, from where they ruled The Kingdom of Knossos, in the beginning covering Central 
Crete but later extended east and west. The transition from a Minoan to a Mycenaean 
hegemony is mainly attested archaeologially by new Mainland mortuary practices with 
weapons and bronze vessels deposited in ostentatious tombs, concentrated in the Knossos 
area, and by the change in the writing system from Linear A to Linear B used in the 
administration, reflecting also a change in language. Mycenaean Crete seems to have been a 
military society: witness the elaborate Mycenaean Type Ci and Di swords that were probable 
made in the presumed Knossian weapon workshop (e.g., Sandars 1963; Catling and Catling 
1974 and Driessen and Macdonald 1984). The raw materials needed, probably copper and tin 
ingots, have so far not been found, however. The metal record mirrors the changes in the 
socio-political situation: the main part of the metal seems now to have been used for prestige 
and military objects such as weapons and vessels and almost all preserved metal has been 
found in burials. Knossian control of the island may not have lasted for very long. In LM 
IIIA1 some former secondary centers regain some importance and tombs with rich metal finds 
are now located also outside the Knossos area. Later large monumental buildings of a new 
type were erected at Hagia Triadha and Kommos. After the presumed major destruction of the 
palace at Knossos in LM IIIA2, a series of Postpalatial sites regained a degree of 
independence and became international players. The importance of Western Crete increased 
and Chania was regarded as the most important center on the island (e.g., Hallager, B.P. 2005; 
Winbladh 2000). Despite the fact that metals trade in the Eastern Mediterranean seems to 
have reached its height during this period, testified to by the Uluburun shipwreck, Crete 
seems to have suffered from metal shortages, perhaps due to changed maritime routes. In Late 
LM IIIB many settlements were abandoned and the population moved inland to defensible 
sites in the mountains. 
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1.2 METALS AND METALLURGY 
 
Writing in 1972, Renfrew argued that the invention of metallurgy might have been the most 
important step in the emergence of civilisation in the Aegean. In the Bronze Age Aegean, the 
metals and metallurgy can be regarded as a subsystem within the society. This subsystem was 
dependent for its growth upon other factors while dramatically influencing other systems such 
as warfare and trade (Renfrew 1972, 308). He concluded that the development of metallurgy 
was largely a local process, that all the major techniques later used by the Mycenaean 
metalworker were already available in the Early Bronze Age, and that the many effects of 
metallurgy upon other systems of human activity in the Aegean world cannot be appreciated 
without considering the effects of these systems upon metallurgy (Renfrew 1972, 338). In a 
review of Metallurgy in the Early Bronze Age (Day and Doonan eds. 2007) S. Sherratt in 
discussing the conclusions made by Renfrew “… who arguably did more than anyone before 
him systematically to investigate the development of early Aegean metallurgy as a whole and 
place it within a wider socio-economic context,” states that Renfrew’s great contribution was 
to shift the spotlight off technology as the primary driving force and to situate Early Bronze II 
metallurgical development within a wider context of economic and social complexity (S. 
Sherratt 2007, 245). Sherratt also assessed which elements of Renfrew´s view have changed 
in the last thirty years, and why and how. She lists the greatly enhanced body of data, revised 
absolute chronology and intense and proliferating analytical investigations of a purely 
scientific nature. According to her, perhaps a more fundamental change is the generalized 
shift in interpretative approaches influenced by post-processual ideas (S. Sherratt 2007, 245-
246). In her conclusion she argues that during the last thirty years, Early Aegean metallurgy 
has moved away “… from a primary concern with typology and the assumption that 
development was inevitably technology-led to a greater concern with empirical scientific 
investigations and an appreciation that metal-working and metal use could only be understood 
in the context of wider socio-economic systems,” (S. Sherratt 2007, 260).  
 
Throughout the history of Aegean archaeology, scholars have studied ceramics, architecture, 
art, administration, social and socio-economic relations, trade and many other topics. 
Ceramics have been the main lens through which the past has been viewed, reconstructed and 
interpreted (Nakou 2007, 225; Rutter 1993, 755): “… ceramic-centred approaches have 
always dominated Aegean prehistory,” (Nakou 2007, 224). Other common material groups 
have been imported luxury items, architectural features, burial practices, seals and Linear A 
and B documents. Metal-centered approaches have only rarely been considered as areas of 
study for Aegean Bronze Age societies in non-metalliferous regions, including the social 
impacts of metals.2 Metals and metalwork have been the subject of many studies, initially 
focused on bronze artefacts, on their typology and distribution pattern. More recently metal 
studies have been combined with archaeometallurgical investigations, a prerequisite for 
interpreting metal finds in a wider context. To quote Rehren, “...without data, lead isotope or 
otherwise, there is little to interpret, so one can only speculate,” (Rehren 2008, 66).  
 
Archaeometallurgy as a tool in archaeological research centers around two major issues: the 
first one is the provenance of metal objects, or of the raw resources that were utilized to 
                                                
2 For mining areas the situation is different: for instance the interdisciplinary Sydney Cyprus Survey Project on 
Cyprus, SCSP, has attempted to examine the social significance and symbolic values of technical production 
systems as well as the manipulation of technology in politico-religious contexts, by a systematic recording of all 
archaeometallurgical waste products (van Lokeren and Kassianidou 2003, 21-22).  
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produce the metalwork. In a larger context, provenance studies are needed to reconstruct trade 
routes, exchange of goods, shipment centers, and the spatial distribution of metal. The aim of 
the second issue is to understand technologies used in ancient mining metallurgy. Both 
provenance studies and technological questions need an interdisciplinary collaboration of 
archaeologists and natural scientists (Hauptmann 2011, 189). Provenance studies in the 
Aegean, triggered by the Oxford team Gale and Stos-Gale since the early 1980’s, have been 
common due to the research emphasis on metals trade. However, the second major issue, 
technological studies, has so far been only rarely dealt with and concerns mainly the EBA 
Aegean (e.g., Day and Doonan eds. 2007): it has become “a core region of interest for 
archaeometallurgists and archaeologists alike” (Rehren 2008, 66). Branigan´s holistic study 
Aegean Metalwork of the Early and Middle Bronze Age (1974) might have been the starting 
point for this interest, which has recently resulted in an enhanced body of new 
archaeometallurgical data and numerous evidence for EBA copper smelting sites in the 
southern Aegean (e.g., Catapotis 2007; Catapotis et al. 2011). In East Crete the metallurgy 
workshop at Chrysokamino, first mentioned by Boyd Hawes et al. (1908, 33) and Mosso 
(1910, 289-292), has been thoroughly re-investigated by a team led by Betancourt, who 
identified it as a small-scale EM III copper smelting site (Betancourt ed. 2007), probably 
using ore imported from the Cycladic islands (Stos and Gale 2006). From the far eastern part 
of Crete, at Kephala Petras, even older evidence for copper smelting has been reported 
(Papadatos 2007).  
 
LBA Crete has not been a region of similar interest for archaeometallurgists, however (see 
Ch. 2.1 Metal Studies on Bronze Age Crete, below). But I argue that the metal system and 
metals handling in the Late Bronze Age Cretan societies are fascinating, complex and 
enigmatic issues because of the abundance of technically sophisticated metal finds, the unique 
structure of the preserved metal record regarding the types of metal finds and their find 
contexts, a prospering bronze industry in a non-metalliferous region, the numerous extant 
Neopalatial copper oxhide ingots found, and the way in which the socio-political changes on 
the island were reflected in the metal profiles for the different periods (Hakulin 2004). Late 
Bronze Age Crete is one of the most diverse regions in terms of the number of international 
teams, many of which who have been excavating on the island for more than a hundred years, 
which has resulted in a large body of archaeological data of varying quality found in a wide 
range of international publications.3 The majority of the finds are stored in the Herakleion 
Museum, but due to less strict legislation for the transfer of archaeological material in the 
beginning of the last century, some museums abroad, particularly the Ashmolean Museum, 
have a large collection of Minoan bronzes. 
 
Despite the rich metal finds from LBA Crete, only a few specific metal studies have been 
published related to this period. Throughout his long scholarly work in ancient metallurgy 
Muhly has analyzed and discussed metallurgy and metalworking in a wider socio-economic 
context in the Bronze Age Aegean. His publications on metals started in 1973: the most recent 
ones dealing with LBA Crete are Muhly 2007, 2008a, 2008b, 2009 and Muhly and 

                                                
3 Since the early 20th century, in addition to their Greek colleagues, the British, American, French and Italian 
Schools have excavated primarily Minoan sites on Crete. The results have been published in their own 
publication series. In recent decades multinational synergasia projects, led jointly by Greek and foreign scholars, 
have been the most common. The quality of the reports varies: not all of the old excavation reports held the same 
standard as Evans´ Palace of Minos. Today a main part of the findings are presented at the numerous 
international conferences organized in Greece and abroad. The numbers of journals devoted to Aegean 
archaeology are few, but recently scholars have begun to effectively utilize the electronic media for rapid 
dissemination of their new findings. 
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Kassianidou 2012. Other scholars have concentrated on special facets of metals, for instance, 
Evely on tools and metalworking in his publication Minoan Crafts: Tools and Techniques An 
Introduction (Evely 1993, 2000), and Catling on the remains of and the production in the LM 
II bronze workshop in the Unexplored Mansion at Knossos (Catling and Catling 1984).  
 
No scholar has directly focused on the importance of metals in the LBA societies on Crete, 
although it is taken up in connection with other aspects at various sites, in particular for the 
Neopalatial period (for Mochlos, see e.g., Soles 2003, 2005, 2007, 2008a; Brogan 2006a, 
2006b, 2008 and Brogan and Carter 2001. For Poros-Katsambas see Dimopoulou 1997, 
1999a, 2012; and for Kommos, Blitzer 1995 and Shaw and Shaw eds. 2006). Perhaps the only 
scholars who have clearly addressed the aspect of metals as a driving force for the whole 
palatial Minoan economy are Betancourt and Wiener (Betancourt 2002, 208; Wiener e.g. 
2011).4 The diachronic social changes on LBA Crete have never been investigated from a 
metallocentric point of view. 
 
In my previous study (Hakulin 2004) regarding copper-based artefacts, copper ingots and 
metallurgic refractory materials, I identified significant differences in the size and structure of 
the metal assemblages between the periods, concerning the number, type and size of the finds, 
their contexts and distribution patterns. The differences were particularly striking between the 
Minoan Neopalatial and the later Mycenaean periods, something which possibly indicates not 
only changes in the availability of metal but also, and mainly, in its use (by this I mean both 
types of artefacts and social status), reflecting that the attitudes towards metals and their role 
in the society had perhaps changed. These findings seemed significant enough for me to 
continue and enlarge my research, now adding the combined weights of the metal finds for 
the purpose of investigating the material value of metal for the Late Bronze Age societies on 
Crete. Despite the fact that the metal assemblage from LBA Crete is exceptional in Aegean 
prehistory regarding the amount of metal and the number, multiplicity and contexts of the 
metal finds, these questions have so far never been directly addressed in this way. 
 

1.3 AIMS 
 
In my previous study Bronzeworking on Late Minoan Crete I could see that the size and 
structure of the metal assemblages, the types, dimensions and contexts of the finds and the 
metalworking techniques were different diachronically and regionally (Hakulin 2004, 24-26). 
In the introduction to the recently published volume Political Economies of the Aegean 
Bronze Age edited by Pullen (2010), the editor states “There is growing recognition of much 
variation (in the political economy), not just between the palatial societies of Minoan Crete 
and Mycenaean mainland, but among the various polities and states within each region,” 
(Pullen 2010, 3). Bronze Age Crete was characterized by a considerably degree of 
regionalism and a differentiation of material culture. Regionally, within natural polity 
territories, sites gradually develop in a more or less similar way (Driessen and Frankel 2012, 
70). At the conference Parallel Lives at Nicosia in 2006, Driessen expressed this argument 
very clearly, saying that Bronze Age Crete “… was composed of different worlds.”  
                                                
4 The role of metals in Early Bronze Age Aegean societies has, however, been interpreted in social terms in an 
innovative study by Nakou, who suggests that “… the prominent position of metal in the archaeological record 
of the Early Bronze Age of Southern and insular Greece in particular is the manifestation of deliberate social 
strategies in the past,” (Nakou 1995, 1). Both Betancourt (2012, 132) and Wiener (2011) discuss the importance 
of metals for the entire Bronze Age. 
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My earlier results and the growing insights concerning internal variation led to a desire to test 
more specifically the apparent indications of temporal and regional variation in the metal 
record. This became the impetus behind the present study. In order to augment the earlier 
study and to more thoroughly examine the previous tendencies noted above, I decided to 
analyze this information both temporally by periods and spatially by regions (Fig. 1.1). 

 
This study is an attempt to see what can be revealed about the relationship between metals 
and society through a systematic, quantitative approach (Fig. 1.2) for investigating the body 
of published evidence for the preserved metal finds from LBA Crete, which I have collected 
and compiled in my database ΧΑΛΚΟΣ.5 
 
Thus, as indicated above, my major aim in the study is to test:  
• whether a systematic study of the quantity and quality of the metal finds in all their forms 

from LBA Crete in the preserved metal record, by using a method and models that I have 
devised especially for this study (see Ch. 1.4 and Figs. 1.1-1.3), increases our 
understanding of the features of the metal systems and by extention the political economy, 
social values and cultural habits in the society, and in this way indicates more 
substantially the role of metals in the Minoan Neopalatial and the Mycenaean Final 
Palatial and Postpalatial societies on LBA Crete. 

 
On the basis of these investigations I hope to be able to give some answers to the following 
questions: 

i. Does the method used here for the study of metals in all their forms work? 
ii. Can we discover the political-economic and cultural role of metals in the Minoan and 

Mycenaean societies, respectively, on Late Bronze Age Crete? 
iii. Can we see changes from one temporal division to another: i.e., from the Minoan world to 

the Mycenaean sphere in the Final Palatial and Postpalatial periods? 
iv. If the answer is yes, what kind of changes are they? What do they reflect about the 

societies? 
v. How can the role of metals in the different periods be characterized? 

                                                
5   The earlier version of the database, published in my previous study (Hakulin 2004), has now been revised, 
updated and moved to a more flexible program (see Appendix I). 
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1.4  METHODS  
 
One key approach here is the quantification of the metal by weight, which is an objective 
measure for comparing the material value of different types of metal finds. In the Bronze Age 
metals were always measured by weight: “For an elite concerned with the movement of high-
value materials, the notion of equivalence by weight is fundamental,” (Sherratt and Sherratt 
1991, 360). On LBA Crete recording and weighing of metal was practiced at both the palatial 
and town level, in trade in finished goods and raw materials and for recipes in craft industries 
as well as for administrative purposes (Michailidou 2001a, 85; Brogan 2006b, 286). In 
archaeological studies, however, metal quantities have in general been expressed by number 
of finds: metal volumes, that is, the metal weights, have hardly ever been used.  
 
In my previous study (Hakulin 2004) the weight aspect was not considered; in this study it is 
of central importance because my aim is to investigate the supply, distribution, circulation and 
deposition of the metal amount, not of selected object types. The estimation of the metal 
weights of artefacts is presented in Appendix II. The basic premise of the present work is that 
the registration, analysis and application of weights, as well as types, uses, and contexts of 
metals on Crete in the Late Bronze Age can augment the understanding of the social fabric in 
the societies: by examining and quantifying the preserved published metal finds, and 
calculating the distribution of the total metal volume (calculated by weight) in circulation, it is 
possible that differences and/or similarities in the acquisition, production, consumption, 
distribution and deposition of metals in the LBA societies geographically, socially and 
chronologically on Crete might become more apparent. If this is the case, the possible causes 
of and impacts that the potential differences may have had will be discussed in Chapter 8.  
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As mentioned above, I have devised a model to be used in this study. This model is based 
primarily on empirical data revolving around the finds, their contexts and types and their 
spatial and temporal variables. Although some scholars might believe that empiricism and 
empirically based models are old-fashioned and no longer relevant for studies of societies and 
social structure, I believe that empirical quantitative data always constitute an essential base 
for metal studies, regardless of whether the approach concerns an economic, social or 
symbolic use of metal. This approach follows to some extent the ideas presented by Michael 
Tite in the preface to Henderson´s book The Science and Archaeology of Materials (2000). 
According to him the starting point for studying material culture in archaeology is to 
investigate the lifecycle of the surviving artefacts, from the procurement and processing of 
raw materials to the distribution, use and final deposition of the artefacts. In my approach I 
study the lifecycle of the material, the metal, called the metal cycle, however (Fig. 1.3), which 
in practice reveals the flow of metals in a region and not the lifecycle of preserved artefacts. 
 

 
The overall idea and structure of my method is presented in the model in Figure 1.2. In the 
first column are the different types of evidence used in the study: textual information from 
Linear B, and archaeological evidence for metal artefacts, ingots and metallurgical refractory 
material, all of which are stored in my database (Appendix I.2). For the metal finds, both 
artefacts and ingots, I selected three parameters from the database, shown in the second 
column, which I believe might give some indications of the role of metals in the society: the 
main function of a find (utilitarian, prestige or ritual artefact, and for the ingots, raw material 
or ceremonial function),6 its find context (Fig.1.3) and its weight: the function of an artefact 
because it indicates how the metal was used, and the find context because it shows in which 
stage of the metal cycle the artefact was found. The function and the find context of a metal 
find are often related. Particularly important is whether a find was permanently deposited or 

                                                
6  See definitions of functional categories for objects in Ch. 1.5, page 12.  
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in circulation.7 The weight of a metal find, whether raw material or finished object, is an 
objective measure of its material or convertible value, and a means of comparing the values of 
metal items in trade and exchange (Michailidou 2001a, 85). In this study it is a key parameter. 
I believe that not only the selected parameters for the finds, but particularly some aspects of 
the metal assemblages (established through spatial and chronological divisions), presented in 
the third column of Fig. 1.2, might be indicative of the metal system and the role of metals in 
the society: 
 
i) the spatial distribution of the artefacts and their estimated total weight, as well as of the 

distribution of ingots, other raw materials and refractory materials;  
ii) the division of the estimated metal weight in artefacts in two ways: measured by the total 

weight of the artefacts by functional categories and by contexts, that is, the estimated 
weight of metal used for utilitarian vs. prestige and ritual artefacts and the estimated 
weight of metal in circulation vs. permanently deposited;  

iii) the metal cycle.   
 
Spatial distribution of artefacts has traditionally been used in material studies: however I 
believe that this, while important, is not sufficient. For an understanding of the whole metal 
system the spatial distribution of the total amount of metal, including both artefacts and raw 
materials, is equally important. The division of metal weight used for utilitarian and prestige 
artefacts reveals priorities for metal use and gives indications of the attitudes towards metals 
in the society, both in each region and on Crete as a whole through time, and the contextual 
division of metal weight indicates the proportion of the metal amount that was permanently 
deposited and in practice lost from the circulation. The metal cycle visualizes the phases the 
metal (as material) might have passed on LBA Crete (as artefact or ingot), from its import to 
the final deposition or recycling (Fig. 1.3). A typical, simplistic metal cycle would comprise 
the following phases: metal imported as ingots; after some storage, perhaps, broken/sawed 
into fragments and distributed to workshops; melted, alloyed and cast into different types of 
artefacts; distributed for use in the society; either permanently deposited or when worn out, 
treated as scrap metal and returned to workshops for recycling. The cycle was dependent on 
social factors, availability of metal, type of objects etc. The estimated percentages of the total 
metal amount found in each phase of the cycle might therefore give some indications of the 
role metals had in the societies (compare Figs. 5.5 and 5.10 with Fig. 6.5). The import of 
metal in the form of finished objects and scrap metal is not explicitly visualized in the model, 
nor is export of finished objects.  
 
I compiled all apparent features of the metal system revealed by the described method and 
textual evidence, to regional metal profiles. On the basis of my results I presented summaries 
of what the evidence for metals reveals of the metal system, the political economies, social 
values and cultural habits and of the role of metals in the societies in case (column four in Fig. 
1.2). The selected parameters for the metal finds and the aspects of the assemblages will be 
discussed in more detail in Chs. 3.2 and 3.3. 
 
I then proceeded to apply this model to my study material from the three periods in question: 
the Minoan Neopalatial period (Ch. 5), the Mycenaean Final Palatial period (Ch. 6) and the 
Mycenaean Postpalatial period (Ch. 7) for East, Central and West Crete, respectively  

                                                
7  See Needham´s article When expediency broaches ritual intentions: the flow of metal between systemic and 
buried domains (2001).  
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(Fig. 1.1). Regions and periods with only some few published metal finds are not analyzed 
separately: they receive only a brief outline. 
 
 
1.5 CHRONOLOGY, TERMS AND DEFINITIONS  

  
Chronology 
Chronologically the study deals with the Neopalatial, Final Palatial and Postpalatial periods, a 
division proposed by N. Platon at the Prehistoric Conference in Hamburg 1958 (N. Platon 
1966) for the relative Minoan chronology based on architectural phases of the palaces. The 
correlation of these periods with the cultural ceramic periods introduced by Evans (PM I, 30-
31), and their absolute dating, has been much discussed, due to the introduction of new 
scientific dating methods.8 
 
In this study I have used the following temporal division for LBA Crete: 
 
Period (ceramic phases) Absolute dating  Cultural identity 

Neopalatial  (MM III – LM I) ca. 1700/1600 - 1450 BC Minoan  

Final Palatial  (LM II – LM IIIA1) ca. 1450 - 1375 BC Mycenaean  

Postpalatial  (LM IIIA2 – LM IIIB) ca. 1375 - 1200 /1190 BC Mycenaean  

 
 
For reasons of compatibility with my previous study (Hakulin 2004), I have used the same 
periods and their assumed absolute dating in both studies, with the exception of the 
Postpalatial period, in which I have not included LM IIIC in this present study (i.e., taken the 
study beyond 1200/1190) due to the important social changes in the transition LM IIIB – IIIC 
and to the scarcity of the published metal finds from LM IIIC and their differences from the 
earlier Postpalatial finds (the study material in my previous study included only 30 LM IIIC 
bronze objects, mainly weapons from the Mouliana tombs and small finds from Kastri and 
Karphi, compared to more than 500 finds from LM IIIA2 – IIIB). In this respect I follow the 
practice of some scholars, who in their Postpalatial studies have limited the scope to LM 
IIIA2 - IIIB (e.g., Preston 2004a and B.P. Hallager 2005). Another change from my previous 
study is that the name ‘Mycenaean Knossos period’ for LM II – LM IIIA1 used by Evely 
(1993 and 2000) is changed in this study to the more common name of Final Palatial period.  
 

                                                
 8   The traditional low chronology based on textual and archaeological evidence, advocated by, e.g., Warren and 
Hankey (1989) and Warren (1999, 2009), dates the Thera eruption to ca. 1525 BC, whereas the high chronology 
based on scientific methods such as radiocarbon dating, dendrochronology and ice-core analyses have pushed the 
date back to ca. 1640 BC, advocated particularly by Manning (e.g., 1995, 2005, 2007, 2009). Recently a Danish 
team, lead by Heinemeier and Friedrich, succeeded in dating a branch of an olive tree buried by the eruption to 
1613+/-13 cal BC (Heinemeier et al. 2009, 292, Fig. 11). However, Wiener for instance does not believe that 
radiocarbon dating is suitable in this case because the branch is too unreliable: “There are too many unknowns 
with respect to the radiocarbon evidence to solve the equation. The advice of Aristotele to look for exactitude in 
each class of things only so far as the nature of the matter allows (Nicomachean Ethics 1094b 23-27) remains 
sound and is applicable here,” (Wiener 2009, 205-206).  
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The names of the Mycenaean periods on LBA Crete are much debated and vary.9  
 
Terms and Definitions 
Some terms used in the study and the ΧΑΛΚΟΣ database, are in need of explanations and 
definitions to avoid misunderstandings. 
 
The terms and classification for finished bronze objects in the study are commonly used in 
Aegean archaeology. For instance, for tools I follow Evely’s study Minoan crafts and 
techniques (1993, 2000), and for vessels, Matthäus´ Die Bronzegefässe der kretisch-
mykenischen Kultur (1980). The terms used in the database are listed in Appendix I.2. For 
separate finds I used the terms published by the excavators.  
 
The classification of the objects can be problematic, however. In a quantitative study like this 
with large variation in the study material, the assemblage has to be strictly and consistently 
structured, as in the database ΧΑΛΚΟΣ, even if some simplifications are needed. I have 
classified the objects into 60 different types, for example, chisels, swords, mirrors, called (Ot) 
in the database, which are divided into 8 different object groups, e.g., tools, weapons and 
personal items, called (Og) in the database. On the basis of their assumed main function, they 
are further divided in 3 categories, utilitarian, prestige and ritual objects, called (Oc) in the 
database (see definitions below). All objects of the same type are classified in the same way, 
despite the fact that some object types can have had different functions (e.g., Jockenhövel 
2011). For instance all knives are classified as tools and utilitarian objects, even if they could 
have been used as weapons.  
 
The three functional categories used can roughly be characterized as follows: 
i) Utilitarian objects are objects used for practical purposes. The majority are tools of 

bronze with low tin, often manufactured from recycled metal using a rather simple 
technique. 

ii) Prestige objects are objects, which provide power and status to their owners. Typical 
prestige objects are weapons and vessels, often manufactured using sophisticated 
techniques and requiring tin metal, available only in special workshops (Baboula and 
Northover 1999, 151), mainly on palatial sites.10  

iii) Ritual objects are objects especially made for ritual use, either as votives in sanctuaries or 
as paraphernalia on ritual sites. Examples such as figurines and small cult axes might have 

                                                
9 Evely (1993, 2000) used the name ´Mycenaean Knossos period´ for the Final Palatial period: in my opinion, a 
good name but not commonly accepted. Nor do all scholars like the name Final Palatial period for LM II- IIIA1: 
e.g., Hallager argues that the Final Palatial period in Bronze Age Crete is LM IIIA2 - IIIB, on the basis of the 
Linear B tablets from Chania (Hallager 1988; Hallager and Vlasaki 1997, 174). A recent but not yet common 
name for this period is Monopalatial, used in a new chronology that Manning distributed at a congress on Cyprus 
2006. It included the following periods for Mycenaean Crete: the Monopalatial (LM II–IIIA2 early), Final 
Palatial (LM IIIA2–IIIB) and Postpalatial period (LM IIIB late–IIIC). I have not seen this chronology anywhere 
else. As “a matter of convenience”, Driessen and Frankel use a rather peculiar chronological division in a recent 
publication, with two Postpalatial periods: Monopalatial (LM II-IIIA2), Postpalatial (LM IIIA2-IIIB) and 
Postpalatial (LM IIIC) (Driessen and Frankel 2012, 75-76, 70, note 51). In the Mochlos Publication Series the 
Mycenaeran era included only one period, the Mycenaean period (Soles 2008b, xxiii). Soles thus replaces the 
traditional periods Final Palatial and Postpalatial periods with “the Mycenaean period”, probably better suited to 
the situation at Mochlos, which includes the time-span for the Mycenaean site, or ca. LM II-LM IIIB early. 
10 Bronze workshops most probably existed in all Cretan palaces, but archaeological evidence, at least from the 
“old palaces” is almost lacking. The evidence from Zakros is most convincing (L.Platon, 1993). 
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been produced in special workshops near ritual sites (Sapouna-Sakellarakis 1995, 121- 
134). I have not classified other objects dedicated in sanctuaries, such as weapons and 
tools, as ritual objects.  

 
The terms and classification of metal finds from bronze workshops are not standardized: 
Catling classified the remains in the Unexplored Mansion at Knossos as manufactured goods, 
scrap (manufactured goods not longer identifiable), and waste (droplets and spill, surplus 
trimmed from casting) (Catling and Catling 1984, 204); Soles classified the metal remains in 
the Artisan´s Quarters at Mochlos as ingots, strips, waste, spill, objects and scrap (metal 
stored for recycling) (Soles and Stos-Gale 2004, 45-52), whereas Blitzer has an even more 
detailed classification for metallurgical remains at Kommos, depending on the form of the 
find (Blitzer 1995, 510-511). In the database ΧΑΛΚΟΣ, I have classified the metal remains 
from workshops as scrap metal, waste/spill, wire/strip, bar/rod, sheet and metal lump, 
depending on the terms used by the excavators (App. I.2). The copper ingots used in the 
Aegean are of two types, oxhide ingots, divided in three types by Buchholz (1959a), and 
plano-convex ingots, also called bun ingots, which is the term used in this study. The types of 
metallurgical refractory materials recorded in the literature are different types of clay 
crucibles, clay and stone molds primarily, as well as tuyères and pot bellows. The 
classifications used in the ΧΑΛΚΟΣ database are presented in Appendix I.2. 
 

1.6 LIMITATIONS AND PROBLEMS 
 

Limitations 
The main focus of this present study is the metals: the LBA societies on Crete have been 
investigated and analyzed in detail by numerous scholars with different approaches arriving at 
varying conclusions. A thorough analysis of the social developments and changes on Crete 
lies therefore outside the scope of the study.  
 
The study has deliberately been kept on a general level in order to highlight the fundamental 
characteristics and significance of copper and bronze in the LBA Cretan societies. Inevitable 
this stance has simplified some issues and ignored others. Firstly the periods according to 
Platon’s chronology (see p. 11) have been treated as uniform periods, more or less 
irrespective of the changes occurring during the long time spans. One reason is that the dating 
of metal finds can be problematic and, particularly for older finds, often unspecific. They are 
mostly dated on the basis of diagnostic finds, mainly ceramics, not on the presumed date of 
their production 
 
The study material is limited to published finds of copper or copper-alloys in all forms, and 
the general term metal used in the study stands for copper or bronze. Tin, perhaps the most 
strategic metal, is attested on LBA Crete mainly in tin-bronzes, as a tin ingot from Mochlos 
transformed to a powdery non-metallic tin (Soles 2007, 2008a, 153-154), and in tin-covered 
clay vessels, found mainly in elite burials from LM II-IIIA (e.g., Gillis 1991, 1992, 1997b; 
Preston 2004a, 332, Table 2). In quantifications of the amount of metal in bronzes I have 
deliberately left out the tin content, as did Needham regarding the tin supply in his theoretical 
article on modeling the flow of metal, because copper constitutes the bulk of the alloy 
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(Needham 1998, 304); for instance, I have considered that a double-axe weighing one kg. 
contains one kg. of copper. In the same way, I have not dealt with silver or gold in the study.  
 
The material is limited to metal finds and metallurgical refractory materials found on LBA 
Crete, regardless of where they might have been produced. All ingots were imported, but the 
import of finished bronze artefacts to LBA Crete has never been thoroughly investigated; 
Neopalatial Crete was probably rather self-sufficient in producing bronze object: it can be 
characterized as an exporter rather than an importer of finished bronze objects. The weapons 
and vessels in the Final Palatial warrior graves might, however, have been imported from the 
Mainland to some extent, and at the end of the Postpalatial period, weapons and knives of 
European type, such as the Peschiera daggers, reached Crete probably from Italy (e.g., B.P. 
Hallager 1985; Bouzek 1985; S. Sherratt 2000, 84-85; Tsipopoulou 2005, 328).  
 

Problems 
In my opinion the representativeness of the preserved metal record for the Bronze Age is 
perhaps the most serious problem in metal studies. The distribution of any form of metal 
artefacts is subject to a strong selective bias in preservation (Sherratt and Sherratt 1991, 364). 
Metal finds deposited underground in burials or hoards are better preserved than finds in 
circulation, and heavy cast objects are better preserved than vessels of hammered copper 
sheet. Furthermore, metal artefacts have always been priority booty for plunderers (even in 
modern times), due to the possibility of re-melting and reuse, and they are also among the first 
items to be saved by the owners when abandoning a site. “The archaeological record tends in 
particular to preserve a deceptively small proportion of the metal in use at any time,” (Wiener 
1991, 326). That such an abundance of metal has been preserved from Neopalatial Crete is an 
accident: metal in settlements was buried under destruction levels in connection with the 
massive series of destructions that most likely caused the collapse of the Minoan culture. 
From the Mycenaean periods, metal finds have been almost exclusive buried ones, perhaps 
depending partly on a bias in archaeological activities: very few Mycenaean settlements have 
been excavated as scholarly interest was initially focused on the Minoan palatial periods. 
Sherratt and Sherratt have argued that metal ingots enter the archaeological record only in the 
relatively unusual circumstances of religious dedication, forced abandonment or catastrophic 
loss – notably at sea (Sherratt and Sherratt 1991, 364). I would add earthquakes and volcanic 
eruptions to this, testified to by the Neopalatial ingots.  
 
Attempts have been made in the past to quantify the representativeness of metalwork 
evidence, though probably with mixed success. Therefore many scholars still find it easier to 
assume that the relative quantities and distribution of metalwork as archaeologically recorded 
correspond approximately to the ancient situation (Needham 1998, 285). My solution for 
overcoming this problem was the same: I assume here that the preserved metal evidence is 
representative for the situations in the LBA periods on Crete, because I see this simplification 
as the only possibility to enable the study to be carried out. In any case the amount of 
preserved metal was only a small fraction of the metal in circulation in the Bronze Age.  
 
Another question is how representative my study material is of the metal record actually 
preserved. There are well-known problems, such as biased archaeological activities: a 
common archaeological problem, which is clearly seen on Bronze Age Crete, is that most of 
the largest sites were excavated more than hundred years ago, when neither aims and 
excavation methods, nor the documentation are up to modern standards: “....a well-known 
point, but still worth reiterating, is that earlier excavation techniques do not provide the type 
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and quantity of data required for more recent research questions,” (Adams 2006, 8). Earlier 
the excavators were looking for well-preserved items, suitable for display: evidence for 
metalworking for instance was seldom even noticed. Further the dating and analyses of these 
old finds are not always comparable to modern ones. A further complicating factor for 
representativeness is the number of finds and excavations still awaiting full publication. 
 
Due to the fact that the periods were considered uniform (see above), the obvious differences 
in the social structures and politico-economic situations in for instance the Neopalatial period 
between LM IA and LM IB (e.g., Driessen and Macdonald 1997; Manning 2009), and in the 
Final Palatial period between LM II and LM IIIA1 (e.g., Preston 2004a), and the resulting 
impacts on the metal record, were not sufficiently highlighted. The question of heirlooms is 
another problem: bronze objects were valuable items with long lifespans. Weapons and 
vessels deposited in burials or as votives could have been inherited for generations. This 
problem has been more or less neglected in the study: only the possible use of the hidden 
Neopalatial oxhide ingots in the Mycenaean periods is discussed.11  
 
Many of the LBA metal finds in my database lack secure provenance or have only an 
unspecified LM dating. Many are isolated finds from rural areas, for instance, double-axes 
and chisels, but also weapons, probably robbed from tombs. These finds are recorded in the 
database, but not considered in the regional analyses. Their estimated aggregate weight is 
about 7 % of the estimated total weight of all finds (Table 4.1). I believe that a large number 
of metal finds from small sites and rural areas have not been found as yet, and the recent rich 
metal finds from Mochlos, for examples, and the warrior graves at Chania show that large 
metal assemblages might still await recovery.  
 
Archaeometallurgists may also face the problem that the selection of finds for analysis is not 
always made based on scientific criteria: museums can be reluctant to allow valuable metal 
objects to be analyzed. The main part of lead isotope analyses for instance seem to have been 
made from secondary material like fragments and scrap, and for many important object types 
LI analyses are therefore lacking. A special problem in this study is that only rarely are the 
weights of metal finds published, as it has not been common practice in Aegean archaeology 
to weigh metal finds (Michailidou 2001a, 97, note 97). The weights for the heavy oxhide 
ingots are, however, always published (see the discussion of weights in Ch. 4.5).  
 
A rough estimation is that the material in my database corresponds to ca. 80-90 % of the 
metal finds published so far (2012). As mentioned above, it is impossible to know or even 
guess at what percent of the total amount of metal in circulation in the Late Bronze Age has 
survived until today, so my solution is to use this 80-90% of the total published finds as 
representative of the situation on Crete in the LBA.  
 

1.7 CONTENTS 
 
I have divided the study in three parts. Part I, Context of the study, contains two Chapters: 
Chapter 1. Introduction in which after a brief Cretan overview and some aspects of metals and 
metallurgy I present my aims, research questions and methods employed, discuss the 
chronology and the limitations and problems in the study and present its contents. In Chapter 

                                                
11 See Chs. 6.2.and 7.2. 
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2, Metal studies, after a brief review of published Cretan metal studies I focus on three less 
common research topics which are important in this study: i) the metal weight, ii) the metal 
cycle and iii) metals and society. Part II, Implementation of the study, constitutes the main 
body of the study. It contains five chapters: in the introductory Chapter 3, Framework of the 
study, I present the method devised for this study and the selected parameters of the finds and 
aspects of the assemblages used, and motivate their selection. Additionally I discuss two 
crucial concepts in metal systems: hoarding and recycling. In Chapter 4, Study material, I 
present my empirical material (metal objects, raw materials and refractory materials) as well 
as the estimation of object weights. I also discuss my solution for managing the large, non-
uniform, empirical study material by means of a flexible database ΧΑΛΚΟΣ. The material 
and the database are presented in more detail in Appendix I, and the estimation of the weights 
in Appendix II. In Chapters 5, 6 and 7, I present the applications of my method for analyzing 
the preserved metal records from the Neopalatial, Final Palatial and Postpalatial periods 
respectively. The closing Part III, Results of the study, is divided in two chapters: in Chapter 
8, Metals in society, I summarize my findings and results for the Neopalatial, Final Palatial 
and Postpalatial periods on Crete, each divided geographically by regions, and in Chapter 9, 
Conclusions, I answer my research questions from Chapter 1. 3 and present my conclusions. 
 
The Appendices are detailed presentations of my empirical material: in Appendix I ΧΑΛΚΟΣ 
Database, are its structure and contents, the coding and parameters used, printout examples 
and presents lists of the main finds in the database; in Appendix II, Weight estimation, is a 
compilation of the estimation methods used for the metal artefacts by object type, the 
published metal weights used with references, and the estimated weights. Appendix III 
contains some few pictures of typical LBA metal finds in Cretan museums.



CHAPTER 2. METAL STUDIES 
   

Much of what we know of Bronze Age metallurgy in the Aegean comes from either scientific 
analyses of ores, slags and ingots or stylistic studies (e.g. Stos-Gale 1998; Branigan 1968). 
There are too few studies of the actual practice of metallurgy......Instead there is a prevalence 
of studies that concentrate on aspects of exchange or “trade”. This preoccupation with 
exchange and circulation has rarely been questioned (but see Nakou 1995) and suggests that 
there is a tacitly acknowledged consensus amongst scholars, that the appropriate study of 
metals in the Bronze Age is of exchange networks and the definition of interregional contacts, 
so as to explain change. 

(Doonan et al. 2007, 99). 
 
I agree with Doonan as a general statement for the Aegean, but I argue that his view is not 
entirely valid for LBA Crete. We do have a prevalence of stylistic studies for prestige metal 
artefacts and studies that concentrate on aspects of the exchange and trade of metal, but there 
is a regrettable paucity of archaeometallurgical work. Muhly has recently published an 
excellent overview on the history of Minoan archaeometallurgy and the problems related to it 
(Muhly 2008a), and I see no reason for reiterating the history. Below I present only a brief 
overview on recent archaeometallurgical work on LBA Crete and on the few metal studies for 
the island. Following this, I discuss studies regarding three less common topics that are 
central to this study: i) the metal weight, ii) the metal cycle related to the flow of metals, 
including recycling and hoarding, and iii) the topic of this study, metals and society. 
 
 
2.1 METAL STUDIES ON BRONZE AGE CRETE  
 
Catling´s early, comprehensive study, Cypriote Bronzework in the Mycenaean World (1964) 
including also information on Cretan finds, focused mainly on the bronze objects, but he also 
interpreted the relations between Cyprus and the Aegean (Catling 1964, 299-302). The so far 
only holistic metal study for Bronze Age Crete was published already in 1974 by Branigan, 
Aegean Metalwork of the Early and Middle Bronze Age (Branigan 1974). It included a 
historical and cultural study in which he discussed regional and local schools of metalwork, 
the organization of the Aegean metal industries and the impact of metallurgy on industry, 
trade and society, an early example of interpretation of metallurgical data in social terms. He 
presented an overview of Minoan metallurgy from EM I to the Neopalatial period at the 
symposium Early Metallurgy in Cyprus, on the basis of the information available at that time 
regarding technology, object types, raw material used (particularly copper from Cyprus), the 
metals trade and the assumed role of the palaces in the metal system (Branigan 1982). It also 
included an estimate of the total amount of metal in circulation on Crete in EM II to ca. 35 
kg., on the basis of preserved metal finds and on the assumed metal consumption per family 
(Branigan 1982, 206). In my previous study, Bronzeworking on Late Minoan Crete (Hakulin 
2004) on which this study is a continuation, I analyzed the diachronic changes and regional 
differences of the content and structure of the metal record from LBA Crete on the basis of 
published finds and evidence for bronzeworking, but did not discuss the role of metals in the 
society. The overview of the Mycenaean bronze industry published by Iakovidis thirty years 
ago (Iakovidis 1982), before the provenance of copper could be determined by lead isotope 
analysis, provides an interesting comparison between the situations on the Mainland and 
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Crete. Despite the title, the focus of the study, however, is on bronze objects, their typology 
and use: the bronze industry, its raw material and technology, are hardly dealt with at all. 
More recent metal studies from the Mycenaean world are Kayafa’s dissertation Bronze Age 
metallurgy in the Peloponnese, Greece, which comprises all metals and all Bronze Age 
periods as well as elemental analyses for most of the finds and LI analyses for some hundred 
finds (Kayafa 1999).  
 
For archaeometallurgists, Crete seems not to have been a core area of interest for some 
reason. The recent reinvestigation of the EM copper smelting workshop at Chrysokamino in 
northeastern Crete,12 (Betancourt ed. 2007; Betancourt 2008; Catapotis and Bassiakos 2007) 
and the discovery of an FN-EM metal-smelting site near Petras (Papadatos 2007) might 
increase the interest of foreign archaeometallurgists for Bronze Age Crete, but probably only 
for the Early Minoan period. Recently Tselios has investigated the manufacturing technique 
and chemical composition of 73 EBA Cretan metal artefacts, mainly daggers (Tselios 2008a, 
2008b). Greek scholars from the Institute of Materials Science, NCSR “Demokritos”, in 
particular Yannis Bassiakos, have shown interest in the later periods as well.  
 
Since the 1980’s analytical work on metals from Bronze Age Crete has mainly been focused 
on provenance studies for copper through lead isotope analysis (LI analysis), particularly by 
the Oxford team, Noel Gale and Zofia Stos-Gale13 (e.g. Gale and Stos-Gale 1982, 1986, 1987, 
1992, 1995, 2000, 2005, 2007; Gale 1989, 1991a, 1991b, 2001, 2011; Stos-Gale 1993, 2000, 
2001, 2011; Stos 2009; Stos-Gale and Gale 2003; Stos-Gale et al. 1997, 1998, 2000). Their 
analyses of copper-based artefacts, 154 from the Neopalatial and 161 from the Mycenaean 
periods indicate that several ore sources were used: many of them are compatible with known 
sources such as Lavrion, Cyprus and Anatolia (Gale and Stos-Gale 2007, 108, Figs. 7, 8). 
Lavrion as a copper source has been questioned, however, and fiercly debated (see Ch. 5.). LI 
analyses of the Neopalatial oxhide ingots show lead isotope compositions consistent with 
their origin from either an unknown Precambrian ore source, probably in Anatolia, or Cypriot 
ores (e.g., Stos-Gale 2011). These analyses presented two surprises (Muhly 2008a, 40): the 
first was that the 19 Neopalatial oxhide ingots from Hagia Triadha were made of copper from 
the unknown, Precambrian ore, not of Cypriot copper as has always been assumed. The 
second surprise was that despite the fact that a large body of analytical evidence had 
confirmed that the westward trade in Cypriot copper got under way only after ca. 1250 BC, LI 
analyses indicate that the Neopalatial ingots from Mochlos were made of Cypriot copper, like 
the ingot fragments from Gournia. Recently Stos-Gale has revealed that four of the six ingots 
from Zakros also had a Cypriot origin (Stos-Gale 2011, 223, Table 22-1), in contrast to the 
earlier position of the Oxford team that the Zakros ingots were not made of Cypriot copper 
(e.g, Gale 1989, 265, Table 29.7). Kassianidou has now confirmed that there was a major 
copper industry on Cyprus already by the 16th century BC (Kassianidou 2008).  
 
Until now very little analytical work of any other type has been published on metal finds from 
LBA Crete (e.g., Giumlia-Mair et al. 2011). The chemical analyses made on the finds from 
the Sellopoulo tombs and the LM II bronze workshop in the Unexplored Mansion at Knossos 
were among the earliest (Catling and Jones 1976, 1977). More recently Mangou and Ioannou 

                                                
12 Chrysokamino has been known to archaeologists for over a century and recognized as a Bronze Age copper 
workshop by Mosso in 1910 (Mosso 1910, 289-292). 
13 The fierce debate concerning the use of lead isotope analyses for determining the provenance of copper, 
published for example in the journals Archaeometallurgy and Journal of Mediterranean Archaeology in the 
1990’s, is outside the scope of this study.   



METAL STUDIES 
 

 19 

have analyzed 80 LBA artefacts and all copper ingots from Crete with Atomic Absorption 
Spectrometry (AAS) as part of a program on prehistoric bronze objects from Greece. The 
analyzed objects were mainly from palatial contexts, excavated long ago (Mangou and 
Ioannou 1998, 2000, 2002). Figurines are perhaps the only object type which has been studied 
in more detail: Varoufakis has analyzed the alloy composition of 45 figurines from the 
Heraklion museum with AAS, and states that lead was often added to the alloy, probably for 
improving the fluidity of the cast (Varoufakis 1995). New non-destructive analytical 
techniques such as X-Ray Fluorescence Spectroscopy (XRF) and Laser-Induced Breakdown 
Spectroscopy (LIBS) and portable equipment have facilitated analytical study, however. In 
the recent Mochlos excavations, chemical analyses were made for all metal finds with these 
techniques: for the Neopalatial finds by Stos-Gale (Soles and Stos-Gale 2004) and for the 
finds from Mycenaean Mochlos by Giumlia-Mair (Soles and Davaras eds. 2011, 43-53). The 
analysis of the alloy composition of various components of the Mochlos sistrum, from a 
Neopalatial hoard in the town, indicated that the artisans were able to differentiate their 
alloys, depending on the properties and functions required for the different components 
(Giumlia-Mair 2011). Soles argues that the sistrum could have been imported but could also 
have been made locally (Soles 2011, 138).  
 
Metallographic studies published for Cretan LBA finds are even more rare. Among them are 
two studies on artefacts from the Minoan Collection in the Ashmolean Museum: on a 
selection of ten paring, cutting and chopping tools (Northover and Evely 1995) and on 
weapons from the Zapher Papoura LBA cemetery (Baboula and Northover 1999).14 Prior to 
this, only two studies were published: the examinations of a dagger, and another on strip and 
needle fragments from Gournia (Charles 1968; Betancourt et al. 1978). In her analytical 
project of 70 Neopalatial metal finds from Gournia stored in the University of Pennsylvania 
Museum, Giumlia-Mair made chemical analyses using XRF and examined the finds by 
optical microscopy in order to gain insight into the local metallurgical tradition and to 
determine the production technology of the finds (Giumlia-Mair et al. 2011). 
 
Some investigations of metallurgical refractory materials have recently been published for 
Cretan material. For her PhD at the Sorbonne, Oberweiler analyzed the assemblages of the 
finds from Neopalatial and Postpalatial Kommos (Oberweiler 2005; Oberweiler et al. 2008). 
Later she investigated crucibles from Quartier Mu at Malia that shed new light on the 
technical competence of the Minoan bronzesmiths during the Protopalatial period (Poursat 
and Oberweiler 2011). At Palaikastro the recovery of two groups of crucibles, from the 
Neopalatial and Postpalatial periods, permitted the investigation of their fabric, how they were 
used and what they were producing (Evely, Hein and Nodarou 2012). 
 

                                                
14 A shortcoming is that only some few pieces in the Ashmolean Minoan collection have what can be considered proper 
contexts, either archaeological or chronological (Northover and Evely 1995, 84). 
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2.2 METAL WEIGHT  
 
Metals were always measured by weight during the Bronze Age (Michailidou 2001a, 85). It 
was an objective means of comparing the material value of objects of different types. 
Weighing of metals and metal weights today has always been a rather neglected aspect in 
metal studies. But now “… the study of the exchange systems, formation of units of values, 
ancient metrology and pre-coinage phenomena...have been an important multidisciplinary 
research area, combining the skills of historians, philologists, metrologists and archaeologists. 
The main geographical areas of interest have been the Near East and the Aegean,” (Alberti et 
al. 2006b, 1). Among the present scholars studying these questions are several Italian 
metrologists such as Alberti, Parise, Sacconi and Zaccagnini. In the Aegean there are two 
scholars who have focused on this topic: the metrologist Petruso, who clarified the Minoan 
metrological system (Petruso 1978, 1984, 1986, 1992 and 2003) and the archaeologist 
Michailidou, who is considered the main present-day scholar in Greece specialized in weights 
and weighing in the Bronze Age. On the basis on weighing tools (balance weights and scale 
pans) from Akrotiri, she has widened her research interest to include the whole Eastern 
Mediterranean, and in numerous publications explained the background to, the importance of 
and the archaeological and textual evidence for weighing metals in the Bronze Age 
(Michailidou 1999a, 1999b, 2000, 2001a, 2001b, 2001c, 2003, 2004, 2005, 2006, 2008a, 
2008b, and Michalidou ed. 2001c). Particularly the volumes Manufacture and Measurement: 
Counting, Measuring and Recording Craft Items in Early Aegean Societies (Michailidou ed. 
2001) and Weights in Context. Bronze Age Weighing Systems of Eastern Mediterranean: 
Chronology, Typology, Material and Archaeological Contexts, (Alberti et al. eds. 2006a) 
have been important sources for this study.  
 

The main aspects of metal weight and weighing discussed by the scholars are:  

i.  Weight and value, 

ii.  Metrological systems,  

iii. Archaeological evidence,  

iv. Textual evidence, 

v. Monetary functions of copper,  

vi. Quantification of metal volumes. 

 

Weight and value 
The project Weight and Value in Pre-coinage societies, aimed at correlating the two concepts 
weight and value in the Second Millennium Bronze Age Aegean, was suggested to 
Michailidou by Wiener (Michailidou 2008b, 13). The main thrust of the project was the 
metrology and economy in the Aegean, but it employs documentation from Egypt and the 
Near East, necessary to the understanding of the theme (Michailidou 2005, 11). So far two 
volumes have been published: Vol I, An Introduction (Michailidou 2005) and Vol II, 
Sidelights on measurements from the Aegean and the Orient (Michailidou 2008b). 
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The concepts weight and value are defined by Michailidou as follows (2005, 15): 
• Weight can determine the degree of standardization for the quantity of a circulating 

commodity, 
• Value represents the degree of the commodity´s importance in the exchange network. 

 
The definition of value varies: Voutsaki, specialized in the formation of value for prestige 
items in the Aegean Bronze Age, explains that while certain natural qualities give an object a 
static ‘prime’ value, the social value is accumulated through and ultimately defined by the 
circulation of that object. Value is created by and during exchange, not only at the moment of 
production (Voutsaki 1997, 37). But Voutsaki, as most other Aegean scholars, has limited the 
scope to prestige objects (Voutsaki 1993, 1995, 1997, 2001). Renfrew includes the social 
aspect in value in Emergence of Civilisation, “The value of goods, and hence wealth......is as 
much a social phenomenon as an economic one,” (Renfrew 1972, 370). Michailidou argues 
that the measurement of non-material values undoubtedly belongs to the sphere of ideology 
(Michailidou 2008b, 23). S. Sherratt has presented a widely accepted view of the value of 
metals -- “In the second millennium, precious and base metals - primarily gold, silver, copper 
and tin – represent what may be regarded as prime or convertible value within the exchange 
systems of the eastern half of the Mediterranean,” (S. Sherratt 2000, 83). Even in Egypt, 
where goods were traded against goods, value came in time to mean ‘metal value’, which is 
an almost monetary concept (Michailidou 2005, 21). Bulk copper and tin were indeed 
regarded as valuable items, presumed to have mainly circulated at a high level, tightly 
controlled by elites. A significant proportion of the metal, however, was used for the 
manufacture of utilitarian objects, the value of which was hardly created in the same way as 
for prestige objects (e.g., Voutsaki 1997). In this study, which deals with all types of copper-
based metal finds, only the prime or convertible values, which are assumed to equal the 
weights, are considered. Social values are outside the scope of the study.  
 
Metrological systems 
Different weight systems were in use in the Eastern Mediterranean during the Late Bronze 
Age, which is attested by the 149 balance weights of different systems in the cargo of the 
Uluburun shipwreck: traders seem to have carried with them personal sets of weights for 
simplifying transactions. The lack of Aegean standard weights from Uluburun is confusing, as 
two Mycenaeans seem to have been on board (Yalcin et al. 2005, 87-88; Pulak 2005). 
Already in 1906 Evans established the so-called Minoan weight unit of 65.5 g., which Petruso 
(1992) reduced to 61–62 g., suggesting later that the difference reflects a change in the 
standard from LM I to late LM III (Petruso 2003, 290).15 Metrologists agree that the talent 
(26-29 kg.) and the mina (ca. 2 kg.) were widespread weight units throughout the Eastern 
Mediterranean already in the Middle Bronze Age, which means that metal could have 
circulated without difficulty between economic regions. Minoans and Mycenaeans used 
different numerical systems for recording the quantities weighed. The question that arises is 
whether the metric systems used in Linear A and B were also different, but according to 
Michailidou the differences were probably small (Michailidou 2008b, 28-29). Driessen and 
Schoep believe that the change of the weight system by the new rulers at Knossos, like the 
change of language, was “...a part of a new administrative reform and political strategy to 
restrict administration and literacy to a well-defined circle of people, which could be 
controlled,” (Driessen and Schoep 1999, 392).  

                                                
15 Parise have suggested a change of the term Minoan weight unit into Aegean weight unit  
(Michailidou 2004, 311). 
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Archaeological evidence 
Balance weights and scale pans were used in every domain of the ancient world: in trade, 
craft production, administration and households. They have been found in settlements, tombs 
and sanctuaries (Alberti et al. 2006b).  
 
Balance weights of lead or stone are far more common finds than scale pans, because the 
latter were susceptible to damage and could be recycled (Michailidou 2005, 15). The majority 
of the weights found are of lead, due perhaps to their greater density and correspondingly 
smaller size, thus making them more useful for weighing large quantities of goods. Stone 
weights were more reliable and accurate, and presumably used for small quantities 
(Michailidou 1999a, 91-92). The majority of Aegean balance weights are dated to the Late 
Bronze Age (Alberti 2000). Especially important are complete sets of weights. Balance 
weights have been found on Crete, Kea, Thera and Melos and in the Peloponnese and Central 
Greece, from both coastal and inland sites, from palaces, towns, villas and tombs. Most 
balance weight series have been found in the Cyclades, at Thera and Kea (Petruso 1978, 179-
215; cf. Michailidou 1999a, 88-89). On Crete we have weights from palaces (Knossos, Malia 
and Zakros), coastal towns (Mochlos, Pseira, Palaikastro and Kommos), villas (Tylissos and 
Hagia Triadha), tombs (Katsambas, Mavrospilio and Pachyammos), sanctuaries (Dictaean 
Cave) and chance finds (Maroulas, Siteia) (Michailidou 1999a, Table 1, 88-89. This table is 
based on Petruso´s dissertation 1978). Since then new excavations have yielded balance 
weights from for example the settlement of Poros-Katsambas and from Kommos and Pseira 
(Michailidou 1999a, 103). The most recent finds on Crete are from Neopalatial Mochlos 
(Brogan 2006b). 
 
Scale pans are made of thin bronze sheet and are often found in pairs. The diameter varies 
between 5 and 18 cm. Theoretically, these scales would enable one to weight masses from 15 
g. to ca. 3 kg. (Alberti 2003, 280). From LBA Crete 24 scale pans have been found: from 
settlements (Gournia, Mochlos and Hagia Triadha), which indicates a functional use in situ, in 
tombs (Mavrospilia, Sellopoulo, Katsambas and Pangalochori) and as scrap metal in the 
bronze workshop in the Unexplored Mansion at Knossos. According to Alberti, “Weighing 
tools as grave-goods could be considered as prestige items, with a possible symbolism as 
instruments of administrative control,” (Alberti 2003, 283).  
 
The most convincing evidence for the widespread use and importance of metal weighing on 
LBA Crete are the recent finds from Mochlos: a total of 29 lead weights and 3 pairs of scale 
pans were found from the Neopalatial community, mostly in areas for storage and production. 
The contexts of these finds indicate that they might have been used mainly for weighing 
metal; the small size of the Mochlos pans and weights is well suited to relatively small 
amounts of copper found and used for individual knives, chisels, needles and saws (Brogan 
2006b). They indicate that weight measurement was a common activity and attest to the fact 
that exchange and weighing of goods and commodities such as metal and recording the 
weight on LBA Crete were practiced not only in the palaces, as has commonly been assumed, 
but also at town levels. “Scales and sets of weights were possessions fairly common among 
high status individuals in the Aegean between the 17th and 12th cent. B.C. ,” (Pare 1999, 475-
476, cf. Michailidou 2008b, 134). In her paper The people behind the measuring tools, 
Michailidou discusses the owners and users of balances in LBA Aegean (Michailidou 2010). 
She argues that the users, who are occasionally also owners, were mainly craftsmen (or their 
supervisors), for instance metalworkers, and traders who carried their own set of weights 
(Michailidou 2008b, 131-132). 
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Textual evidence  
The Linear B tablets do not contain information on the weighing process, only the weights of 
raw material or collections of artefacts (Chadwick 1976, 140-142, 171-172). The Jn-series of 
tablets from Pylos are most important in this respect. They contain the quantities allotted by 
the palace to some 400 smiths, according to the ta-ra-si-ja system. The interpretation of the 
tablets and their implications for the understanding of organization of the metalworking and 
the status of the smiths has long been discussed (e.g. Smith 1992-1993; Gillis 1997a; Perna 
2004; Del Freo 2005 and Michailidou 2008a). We do not know whether a similar system was 
used also at Knossos: the Knossian tablets record only the number and total weights of copper 
ingots and weapons in storage, from which Chadwick calculated average weights (Chadwick 
1976, 142; 1973, 361): 5 kg. metal would be sufficient to produce 14 swords with an average 
weight of 357 g., which demonstrates that even the smallest metal quantity of 1.5 kg. 
dispatched (in Pylos) was not very small, since it sufficed for at least four swords 
(Michailidou 2001a, 93). Interestingly bronze tools and implements are not mentioned in the 
preserved Linear B records; their recording and control does not seem to have been necessary 
(Michailidou 2001a, 91, 107). As Driessen and Schoep express it, “The Knossos tablets 
remain largely mute as to the access to bronze,” (1999, 396).  
 
The Near Eastern documents were more informative than the Linear B tablets concerning 
metal weights: Michailidou notes that they record both the name and the weight of an artefact 
accurately, whereas in Mycenaean documents the weight is not recorded at all. To date, we 
have records either of the weights of raw material, or the name of an artefact, but not together 
(Michailidou 2001a, 106). Due to the scarcity of information of weights for metal finds I used 
calculated average weights from Linear B tablets and weights of artefacts from Near Eastern 
documents collected by Michailidou (2001a, 93-96) in my estimation of artefact weights 
(Appendix II, Table 1).  
 
Monetary functions  
Textual evidence from Anatolia, Syria and Egypt, contemporary with the Mycenaean culture, 
contains information on the use of silver, gold and bronze as ‘ mesure de valeur’ and ‘moyen 
de paiement’ (Sacconi 2005, 69). Concerning Linear B Ventris and Chadwick argued, “Nor is 
there any evidence in the tablets of anything approaching currency,” (Chadwick 1973, 198; cf. 
Sacconi 2005, 69, note 2). Sacconi does not agree with them and presents evidence that  
“... la monnaie était présente et opérante dans l´économie mycénienne à la fois comme ‘unité 
de compte et mesure de valeur, et comme ‘intermédiaire dans les échanges et moyen de 
paiement’,” (Sacconi 2005, 70). She also argues that a private profit-based market economy 
operated parallel to the Mycenaean palatial economy, especially in craft and in internal and 
international trade, saying that the monetary function of bronze was always based on the 
weight (Sacconi 2005, 71, 74). Michailidou agrees with Sacconi on “la fonction monétaire 
exercée par le bronze” for the Mycenaean economy, and adds that also “… in the preceding 
Minoan economy a monetary system functioned along with simpler barter exchange,” 
(Michailidou 2008a, 536). She has tested her hypothesis and one suggestion made by Wiener 
regarding the potential economic significance of the axes from Arkalochori, by weighing the 
small axe-heads of bronze from the cave, and found that it was not improbably that the small 
axe-heads were used as a cheaper currency on Bronze Age Crete (Michailidou 2003). 
 
A possible monetary connotation of copper oxhide ingots is much discussed, in particular 
based on the ingots in the Gelidonya and Uluburun shipwrecks. Was their shape and weight 
made not only for practical purposes, but also for simplifying account operations? Bass 
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rejected any monetary function for the ingots since the variations in their weights was too 
great, and concluded that the ingots were not a form of currency, but “merely pieces of raw 
copper” (Bass 1967, 71). Zaccagnini (1986) have studied the metrological significance of the 
standard shape(s) and weight(s) of oxhide ingots, in relation to both the Late Bronze Age 
weight systems and calculation of raw materials. In a recent review of oxhide ingots in the 
Aegean, Muhly presented in the “Numismatic phase” of oxhide ingot studies for 1900-1950, 
the interesting background to the term oxhide ingots and their use as a proto-currency, which 
goes back to Homer. He concluded, “It is time to put to rest the whole idea of copper oxhide 
ingots as a Bronze Age form of currency,” and continues by saying that “… one of the 
interesting legacies of the “Numismatic” phase of research is that in Athens, the ingots from 
Kyme and the one from Mycenae have always been housed in the Numismatic Museum,” 
(Muhly 2009, 18-21). 
 
Quantification of metal volumes  
Quantification of the amount of metal in circulation in ancient societies has been considered 
as an impossible task because the amount of metal known to present-day archaeologists is 
biased by several factors beginning already in prehistoric times and ending with the recovery 
and occasional documentation in the recent past, as discussed above. The documented 
metalwork can be considered only in the range of parts per million of the amount in 
circulation in prehistory. Even if estimations are difficult, tentative guesses can always be 
made (Huth 2000, 189). But even the order of magnitude, the total amount, of the preserved 
and recorded metal amount from a region has almost never been estimated. The only attempt 
to my knowledge is made by Verlaeckt (2000), who tried to quantify the hoarding 
phenomenon in LBA Denmark by systematically weighing all metalwork from hoards stored 
in Danish museums. For the grave goods he was forced to estimate the weight: he assigned an 
average weight of 20 g. to the more than 7000 bronze objects.16 As a result, for the first time 
one could get an idea about the minimum bronze volume circulating in LBA Denmark: it 
might have been ca. 600 kg. Verlaeckt admits that it is impossible to know what fraction this 
represents of the real Bronze Age amount. He strongly advocates systematic weighing of all 
bronzes and pleads for the publication of metal weights, because only in this way can we hope 
to grasp the extent of the LBA metal in circulation (Verlaeckt 2000, 202). This is a rare 
published view of the importance of weighing metal finds, which I strongly support. In his 
review of Metals Make The World Go Round, (Pare ed. 2000), in which the papers by Huth 
and Verlaeckt are published, Muhly states, “... we are badly in need of some sort of 
international inventory of hoards, in which the catalogue of the contents of each hoard would 
give not only the number of objects but also the weight,” (Muhly 2003b, 292). 
 

2.3 METAL CYCLE 
 
Metals are unique materials. In contrast to stone, obsidian and ceramics, for which recycling 
if possible involves material reduction and a shortened lifespan, metals, although not 
infinitely recyclable because of various losses, nevertheless have the potential for protracted 
life cycles in which the same basic piece of metal can be used to manufacture many different 
objects involving manufacture of many different objects in succession (Needham 1998, 286). 
                                                
16 I see this as an extreme simplification. The estimated average weights used in this study vary considerably (see 
Appendix II). In my opinion an average weight of 20 g. for all objects seems surprisingly low, compared to my 
weights, but I admit that I am not familiar with the metalwork from the Danish Bronze Age. 
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It is this unique characteristic of being literally convertible that makes metals a unique 
material: once acquired they could in theory be used, stored, recycled and redistributed at will 
indefinitely in different forms and be put to different uses; this makes them be regarded as 
having prime or convertible value within the exchange system of the Eastern Mediterranean 
in the Bronze Age (S. Sherratt 2000, 83), as discussed above. A regional metal cycle was 
never closed: there were always losses from the cycle -- the most important loss in LBA Crete 
was probably through the deposition of metalwork in tombs. Permanent hoarding, export of 
metalwork, lost items and metal lost in metallurgical processes created other losses from the 
metal cycle. 
 
Flow of metal 
Despite the common belief that the metal cycle, the passage or flow of metal, is fundamental 
to the understanding of trade and other social interactions, its modeling seems to have been 
neglected as a research topic (Needham 1998, 285-286). As far as I know the only scholar 
focused on these questions is Needham from the British Museum (Needham 1990, 1993, 
1998, 2001 and 2005), who in a theoretical paper models such metal flows for Bronze Age 
regions with different locations relative to copper ore sources (Needham 1998). He stresses 
the problems related to the representativeness of the preserved metal record of the Bronze 
Age case (Needham 1998, 285-286) and the interdependence between four aspects of the 
metal flow: i) the metal supply, ii) the stock of metal in circulation, iii) the average use span 
of the metal, and iv) the losses from the metal cycle (Needham 1998, 291-292). As a result of 
such modeling he envisages that we can begin to reconsider different strategies for metal 
production, metal use, and metal consumption, but he admits that applying his model to 
quantified and qualified archaeological data would be a complex procedure (Needham 1998, 
286, 306). I found this article stimulating and unique, and was at first interested in trying to 
apply his ideas to my study material. I realized, however, that it would have been too difficult 
a task. Nevertheless, his approach, principles and views were valuable for a better 
understanding of the complex interrelationships between the different aspects of the metal 
system and their impacts on the society. 
 
The practices and volumes of recycling and hoarding the metal in a region are strongly 
connected with the circulation of metal and have crucial impacts on the flow of metal and the 
metal cycle. Recent studies related to these research topics will therefore be discussed briefly 
in the following. 
 
Recycling 
“The flow of metal is intimately linked with the critical matter of whether recycling took 
place, where and to what extent,” (Needham 1998, 286). The problem for archaeologists is 
that recycling is almost invisible in the record (e.g., Needham 1998, 286; Huth 2000, 188). 
Foundry hoards from workshops have been regarded as the best evidence for recycling, but 
efficient recycling systems tend to leave few traces, perhaps just scraps lost on 
metalworking sites rather than any deliberate deposits (Needham 1998, 286). Large-scale 
recycling seems not to have been employed in the Aegean before the LBA. In Europe and 
the Mediterranean world, “....it was not until the later second millennium B.C. that there is 
much evidence for recycling of metals or the large-scale pooling of scrap,” (Knapp et al. 
1988, 257). Particularly for regions remote from viable ore sources such as Crete, the 
possibility of supplementing imported new metal with local recycled metal might have been 
tempting. A further feature of the practice of recycling is that it allows control of the stock 
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of metal in circulation, despite that it cannot in itself increase the cumulative quantity of 
metal available (Needham 1998, 304). 
 
It has been commonly assumed that recycling and the use of scrap metal testify to a metal 
shortage. But the use of scrap metal should be seen instead “...... as a sign of an expanding 
metal industry, a development prompted by a great increase in the amount of metal in 
circulation and daily use,” (Knapp et al. 1988, 257). The authors conclude that much previous 
work has failed to grasp the significance of bronze scrap in the metal record. On Minoan 
Crete the use of scrap metal seems to have occurred long before it did in Mycenaean Greece 
or on LBA Cyprus (Knapp et al. 1988, 257). The evidence comes from the Neopalatial 
foundry hoards at Mochlos (Soles 2008a, 146-147) and the LM II bronze workshop in the 
Unexplored Mansion at Knossos (Catling and Catling 1984). By the end of the 13th century 
there was an increase in trading bronze scrap at an informal level in the Eastern 
Mediterranean (S. Sherratt 2000, 87). The most convincing evidence was found on the 
Gelidonia wreck (Bass 1967, 105 ff., figs. 116-117). Scrap metal could have been imported 
also to Crete during this period, but so far no evidence has been published. 
 
On the basis of the abundant metalwork, in particular tools, and the numerous evidence for 
bronze workshops from the Neopalatial period, it could be assumed that the percentage of 
recycled metal of the total metal used in the bronze industry would have been significant. As 
far as I know it is impossible, however, to distinguish between new and recycled copper in 
artefacts by scientific methods. The rough estimates in this study of the balance between the 
volumes of new and recycled metal used in the Bronze Age societies on Crete are made on 
the basis of indirect evidence, such as the estimated amount of metal in objects that 
technically could have been made of recycled metal, because of low and varying tin contents.  
 
Hoarding 
In his review of Metals Make the World Go Round (Pare ed. 2000), Muhly concentrates on 
one main theme of the conference that preceded the volume: hoards and hoarding (Muhly 
2003b). He states that much of the archaeology of continental Europe during especially the 
LBA is devoted to hoards of bronze: the sheer number of hoards is astonishing and their size 
is remarkable. Not only the hoard contents, but also in particular the reasons for and impacts 
of hoarding were discussed. The scholars seemed not to be in agreement on the relationship 
between the intensification of hoarding and the amount of metal in circulation; but they 
agreed that metal was buried in the ground for many different reasons, that there are many 
different categories of hoarding and that the relationship between hoards and grave goods is 
important but complex.  
 
In Cyprus and the Aegean the mere handful of metal hoards from the LBA, despite prospering 
bronze industries, indicates that hoarding never played a particularly important role in the 
economic development of these regions as it did in continental Europe. In Aegean 
archaeology hoards and hoarding have never been central research topics (Muhly 2003b). 
Perhaps the most important study so far is To Hoard is Human: Late Bronze Age Metal 
Deposit in Cyprus and the Aegean (Knapp, Muhly and Muhly 1988). The study distinguishes 
between different types of buried metal deposits, reconsiders the theoretical basis for hoarding 
activity, makes a general comparison of the contents and dating of all Cypriote and Aegean 
hoards and attempts to discuss these hoards not just within their archaeological framework but 
also in light of relevant politico-economic factors (Knapp et al. 1988, 233). The scholars note 
that not a single metal hoard dated to the Late Bronze Age has been found on Crete, and argue 
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that what they called the “palatial hoards” from Hagia Triadha, Tylissos and Knossos, for 
example, are unrelated to the type of hoards considered in the study (Knapp et al. 1988, 250, 
251), which was also Catling´s view (1964, 294).17 The Minoan archaeologists seem to have 
been reluctant to use the word “hoard” for the bronze collections found in LM IB destruction 
levels, and called them Metal groups (Georgiou 1979) or Bronze collections (Driessen and 
Macdonald 1997, 67-69). The only metal collections from LBA Crete that until recently were 
called “hoards” are foundry or founders’ hoards, containing discarded, broken and unusable 
pieces of bronze as well as ingot fragments intended for recycling. Recently, however, Soles 
used the term hoards for the various types of rich metal deposits from Neopalatial Mochlos. 
He classified them in four groups: i) foundry hoards, ii) traders’ hoards, iii) ceremonial 
hoards/foundation deposits, and iv) ceremonial hoards/ritual displays (Soles 2008a).  
 
2.4 METALS AND SOCIETY  
 
Investigations of the impact and role of metals in prehistoric societies have never been made 
on a large scale. In the introduction to a volume containing papers from a session on Metals 
and Society at the European Association of Archaeologists Annual Meeting 2000 in Lisbon, 
Barbara Ottaway, one of the few scholars focused on these questions, argued that despite the 
fact that the use of metal in the past has frequently been cited as one of the main prerequisites 
for the emergence of hierarchical societies, when it comes to finding an explanation of the 
role which metal was supposed to have played in this development, researchers have been less 
clear (Ottaway 2002, 1). She continues by comparing the handful of papers whose goal is to 
study the social dynamics of the technology of metal-making and metal-working with the 
many articles dealing with social aspects of ceramics in prehistoric societes, and states, “... it 
is clear that archaeometallurgy has a long way to go,” (Ottaway 2002, 1). In her own research 
Ottaway has sought to integrate archaeological science, archaeology and archaeological 
theory in order to explain the nature of metal production and metal objects in prehistoric 
societies (Kienlin and Roberts eds. 2009, 10). The research related to the impact of metals on 
prehistoric societies has naturally dealt mainly with mining communities: the majority of the 
50 articles in the two volumes Metals in Society (2002), edited by Ottaway, and Metals in 
Societies published to her honour (Kienlin and Roberts eds. 2009) are dealing with mining 
communities in Europe, mainly England and Spain.  
 
In the Sydney Cyprus Survey Project (SCSP): Social Approaches to Regional Archaeological 
Survey, an intensive archaeological survey project in the ancient copper-mining districts in the 
Troodos Mountains on Cyprus (Given and Knapp 2003), it is stated, “SCSP seeks to examine 
the social significance and symbolic values of technical production systems as well as the 
manipulation of technology in politico-religious contexts ....... The reluctance to embrace 
social theory in a strongly analytical field seems to have diminished,” (Van Lokeren and 
Kassianidou 2003, 21). SPSC’s archaeometallurgy program seems to be one example of the 
paradigm shift in archaeometallurgy envisaged by Martha Goodway in her ‘landmark’ paper 
of 1991. In that paper, she says that a key aspect in the new paradigm --- the desire to 
understand both the technical and the human aspects of ancient metallurgy in the framework 
of a socio-cultural context (Goodway 1991, 710) --- seems to have come true. 

                                                
17 In my opinion the main difference between the so called “palatial hoards of metal” (Knapp et al. 1988 250-
251) or “metal groups” (Georgiou 1979) on Crete and the Cypriot hoards is that the former were not deliberetaly 
deposited, but survived accidentally. 
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PART II. IMPLEMENTATION OF THE STUDY 
 
 
Part II comprises the main body of the study. First, in Chapter 3, the framework for the study, 
including a discussion of the method used, the parameters, and aspects specific to the metal 
assemblages is taken up. The method was presented in Fig. 1.2, and given again here as Fig. 
3.1 for ease in reading. A discussion of the physical study material -- the raw materials, 
finished products, weights and material management -- follows in Chapter 4. Next comes a 
presentation and study of the material using the method, with the material divided 
chronologically into the Neopalatial (Ch. 5), Final Palatial (Ch. 6), and Postpalatial periods 
(Ch. 7), each of which period and chapter is subdivided geographically into three areas, East, 
Central and West Crete. 
 
In Chapter 3, Framework of the Study, I first describe the structure of my method (Ch. 3.1), 
and continue with a description of the selected key parameters of the finds used in the method 
and explain why I selected them (Ch. 3.2). The key aspects of the metal assemblages used in 
the method are presented in the same way in Chapter 3.3. The possible features of societies 
where the majority of the estimated metal amount was used for either utilitarian or prestige 
bronze objects as well as whether significant metal amounts were used for ritual objects are 
compiled in Tables 3.1, 3.2 and 3.3. The possible impacts on the society of the balance 
between the amounts of metal in circulation vs. those permanently deposited are compiled 
into metal profiles for each region on the basis of the preserved metal finds, and are assessed 
according to their significance for the society in Table 3.4. Finally I summarize the resulting 
main features of the metal system by region and period on the basis of the preserved metal 
finds to metal profiles, and assess what they indicate about the society in Chapter 3.4 Metals 
in society. 
 
In Chapter 4, Study material, I present my material: its coverage (Ch. 4.1), the distributions by 
period, region, object types and site types of the bronze objects, the ingots and other raw 
material as well as the refractory material (Chs. 4.2-4.4). My study material is not limited to 
the metal finds; however, the assumed metal amounts they represent, either actual or 
estimated, were central in the study. In Chapter 4.5 I present the distribution of the estimated 
total amount of preserved metal in the record, both in objects and ingots, its division between 
periods and regions (Tables 4.1 and 4.2), and the estimated average weight for bronze objects 
by period and region (Table 4.3). I also show the estimated total metal in artefacts by different 
object categories (Fig. 4.15) and how the estimated amount of metal in tools was distributed 
between different tool types (Fig. 4.16). The published metal weights for bronze objects used 
in the study, my methods for estimation the weights and the estimated weights of the study 
material are presented in detail in Appendix II. My solution of managing the large 
heterogeneous mass of material comprising in total ca. 3300 finds, by codifying the finds 
using up to 20 parameters and storing them in a flexible database called ΧΑΛΚΟΣ is shown 
briefly in Fig. 4.17 and Ch. 4.6. The database is presented in detail in Appendix I.  
 
In Chapters 5, 6, and 7 I present the application of the method to my study material from the 
Neopalatial, Final Palatial and Postpalatial periods separately for East, Central and West 
Crete. 
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CHAPTER 3. FRAMEWORK OF THE STUDY 
 

3.1 METHOD  
 
As mentioned above (see Ch. 2.4) studies concerning the impact of metal on prehistoric 
societies are rare and the methods used have been based mainly on archaeometallurgical data. 
Due to the scarcity of such data for LBA Crete, I decided instead to try a new method, which I 
devised especially for this study. It is based on selected key archaeological parameters of the 
metal finds and key aspects of the regional metal assemblages. The method is illustrated in 
Fig. 1.2, but also below (Fig. 3.1) for easy reading. 
 

 
With this method I analyzed the preserved published metal finds from the Neopalatial, the 
Final Palatial and Postpalatial periods, each period subdivided geographically into East, 
Central and West Crete (Chs. 5, 6, and 7.). The chronology used is presented in Chapter 1.5, 
and the regional division in Fig. 1.1. Regions with only a few metal finds from a period, for 
instance Neopalatial West Crete, are not analyzed separately, but are only briefly discussed.  
 
My first step in the process was to estimate the average weight by period for each object type 
using the methods presented in App. II. 2, and to calculate the estimated total metal weight of 
each object type by period: for example the average weight of the Neopalatial chisels I 
estimated to ca. 112 g. and the total weight of the Neopalatial chisels to 10.4 kg. (Appendix II, 
Table 1).  
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In the second step in the process I examined the three aspects of the metal assemblages in my 
approach (´Key aspects´ column, Fig. 3.1) for each period by region, in the following way: 
 

i. Calculation of the spatial distributions of the estimated total metal amounts (weights) 
for objects, ingots and other raw materials, as well as the distribution of the refractory 
materials (e.g., Figs. 5.1 and 5.2); 

ii. Calculation of the balances between the estimated metal amounts in utilitarian, prestige 
and ritual objects, respectively, and between the estimated metal amounts for objects in 
circulation and objects permanently deposited (e.g., Figs. 5.3 and 5.4) ;18  

iii. Locating all metal finds, both objects and ingots, in the different phases of the 
hypothetical metal cycle (Fig. 1.3), and making a rough assessment of the percentage of 
the estimated total metal amount that was found in each phase of the cycle (e.g., Fig. 
5.5). 

 
My third step was to assess what these aspects of the preserved metal record and possible 
information on metals from the Linear B archives might reveal about the metal system, and to 
summarize the findings into hypothetical regional metal profiles (e.g., Ch. 5.2, p. 105). My 
fourth step was to evaluate what these profiles might indicate about the metal system, the 
political organization of and socio-cultural values in the society and of the role of metals in 
these societies. 
 
3.2 KEY PARAMETERS OF METAL FINDS 
Among the parameters stored for bronze objects in my database (Appendix I.2) I selected 
three which I believe might be significant in investigations of the role of metals in the society 
(‘Key Parameters’ column, Fig. 3.1): the main function of an object (Oc, or Object 
characterization in the database), the type of its find context (S, or Site type in the database), 
and its weight (We in the database).  
 
Function 
The function of an object, or how it was used, reveals essential information about its role in 
the society: was it a necessary item, used for practical work, or was it mainly intended for 
strengthening the status of its owner or for display? As I mentioned before (Ch. 1.5, p. 16) the 
objects in my study material were divided into three functional categories: utilitarian, prestige 
and ritual objects. Some object types, for instance knives, could have had all three functions 
(e.g., Jockenhövel 2011): for consistency and practical reasons, each object type is, however, 
categorized under only one (its assumed main) function, and all objects of the same type 
belong to the same category (Oc in the database). The category devised for each object type is 
presented in Appendix I. 2. 
 

                                                
18 My characterization of the different object types by their function (utilitarian, prestige or ritual object) is presented in 
Appendix I.2. The same classification is used in the database for the parameter Oc (Object characterization).  By metal in 
circulation I mean settlement and stray finds, including metal finds temporary deposited in “bronze collections”, whereas I 
consider permanently deposited metal to be metal deposited in burials or as votives and deposited in ceremonial hoards, 
both foundation deposits and ritual displays (Soles 2008a). 
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Find context 
Archaeologically the function of a specific object in my categorization can sometimes be 
indicated by its find context -- whether a knife, for example, was found in a palace, a harbor 
town, a rural area, a tomb or a sanctuary. However, in this study, which is focused on the 
metal amounts and not on object types, ‘find context’ is used here and registered in the 
database (under S or site type) to designate whether a metal find was found in circulation, or 
permanently deposited either underground or as a votive. Metal in circulation could be re-
melted and recast (recycled), whereas permanently deposited metal normally must be 
considered as lost from the circulation, and must be replaced by new metal if the intention 
was to keep the metal amount in circulation constant. As the published contexts for the finds 
vary, I could not always determine the find context: for many finds in my database only an 
unspecified context is published, whereas for others, particularly burial finds, not only the 
tomb number, but the whole assemblage of burial gifts it contained is often published in 
excavation reports (for example, for Zapher Papoura (Evans 1906a) and in the German series 
Prähistorische Bronzefunde).  
 
Weight 
In a study like this focused on the amount of metal, the weight of a metal find is perhaps the 
most important parameter. For some reasons metal weights have been rather neglected: 
unfortunately, it has not been the practice in Aegean archaeology to publish the weights of 
metal finds (Michailidou 2001a, 97, note 97), probably not even to record them. Exceptions 
are the copper oxhide ingots, which due to their rather uniform weight were considered earlier 
as a standard of value, even a Bronze Age proto-currency (Muhly 2009, 18). Weighing a find 
is today among the fastest and most simple analytical procedures. One reason why metal 
weight has not been considered important might be that metal finds are often damaged or 
corroded and the present weight does not correspond to the initial one. The practice is 
changing, however. The weights for all metal finds, even for small pieces of scrap metal, are 
adequately recorded and published in recent excavation reports from LBA Crete, for instance, 
from Mochlos (Soles and Stos-Gale 2004) and Brogan (2008) and from Kommos (J.W. and 
M.C. Shaw eds. 2006; M.C. and J.W. Shaw eds. 2012). Michailidou has published the 
weights for the metal finds from Akrotiri (Michailidou 2001a, 97), and in the catalogue of the 
finds from the Uluburun wreck, the weights of all metal objects are published (Yalkin et al. 
2005).  
 
I selected weight as a key parameter because as mentioned above, metal was always measured 
by weight in the Bronze Age (Michailidou 2001a, 85), which was an objective means for 
measuring and comparing the material values of different forms of metal items and for setting 
standard units in trade. Studies on metal weight and weighing in the Bronze Age were 
presented and discussed in Chapter 2.2. On LBA Crete both archaeological and textual 
evidence for weighing metal have been found: for example, the numerous lead weights and 
balance pans from LM IB Mochlos were most probably used for weighing metals (Brogan 
2006b, 283-284), and the Knossian tablet Oa 730 records 60 ingots with a total weight of ca. 
1562 kg.  
 
The main reason for that I quantified metal by weight, instead of the common practice of 
counting the number of finds, is that I am studying what the distribution and use of the 
amount of metal might reveal about the role of metals in the society and not specific metal 
objects. Due to the scarcity of published weights for metal artefacts, I was forced, however, to 
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estimate the major part of the weights on the basis of other available information on the finds. 
The estimation methods and the estimated weights are presented in Appendix II  
 
3.3 KEY ASPECTS OF METAL ASSEMBLAGES 
In my study method (Fig. 3.1) I included not only the parameters for the metal finds discussed 
above, but also three aspects of the regional metal assemblages: i) the spatial distributions of 
the metal amounts in artefacts and raw materials, as well as the distribution of refractory 
materials; ii) the balances between the metal amounts used for utilitarian, prestige and ritual 
objects, as well as between metal amounts in circulation and permanently deposited; and iii) 
the location of the metal amounts, including both artefacts and ingots, in the different phases 
of a hypothetical metal cycle.  
 
Spatial distribution 
I analyzed not only the spatial distribution of the metal finds of different types commonly 
used in archaeology, but also the distribution of the estimated total metal amount. These 
distributions are illustrated in two regional diagrams: one for metal in artefacts (e.g., Fig. 5.1) 
and one for ingots and other raw materials (e.g., Fig. 5.2), which included also the distribution 
of refractory materials. The distribution of the amounts of metal between different sites and 
sanctuaries can give indications of the political geography in the region, which is a much-
discussed topic for the LBA societies on Crete. So far investigations of the political 
geography of LBA Crete have been made mainly on the basis of administrative documents, 
mortuary practices, architectural features and imported luxury items (e.g., Bennet 1990; 
Schoep 1999b; Preston 2004a; Adams 2006). To my knowledge metals have never been 
considered in this way.  
 
Settlement hierarchies on BA Crete were often constructed on the basis of size and 
elaboration (Adams 2006, 4), but mostly only for one period by region. For simplistic reasons 
I used the following settlement hierarchy for all regions in all periods, compiled from 
published hierarchies for LBA Crete: for instance Adams’ hierarchy for Neopalatial, North-
Central Crete (Adams 2006, 4-5): 

i. First-order centers: palaces and other sites with administrative documents (Zakros, 
Palaikastro, Knossos, Malia, Phaistos, Hagia Triadha and Chania). 

ii. Second-order centers: economically important, non-palatial sites (Mochlos, Gournia, 
Pseira, Poros-Katsambas, Amnisos, Nirou Chani, Tylissos, Archanes, and Kommos). 

iii. Ritual sites: caves, peak and other sanctuaries (e.g., Psychro, Arkalochori, Juktas and 
Syme). 

iv. Rural sites: other sites. 
 
The concentration of the metal to first-order centers could indicate that the society was 
hierarchic and authoritative, that the elite might have controlled metal supply, metalwork 
production, and circulation, and that a main part of the metal was used for prestige objects. If 
a significant part of the metal was found in second-order centers, as for instance coastal 
towns, it might reveal that the private sector could have played an important role in the metal 
system and the economic development of the society, and that not only the palatial sector 
prospered from the location of Crete near the international trade routes. If the metal was 
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equally distributed in the society, it might reveal the absence of a powerful elite and a more 
egalitarian society. 
 
The distribution of bronze objects depends on their functions: different types of objects had 
different distributions. Valuable prestige objects such as weapons and elaborate vessels tend 
to concentrate in first-order centers in the Mycenaean societies, especially in elite tombs; 
whereas tools were more equally distributed between sites of different types, but are rarely 
found in tombs.  
 

Divisions of metal weight 
i) By object categories  

An important question is how the metal raw material was used: was it used for utilitarian, 
prestige or ritual objects? Probably the rulers or the owners of the metal decided its use on the 
basis of objective economic and practical reasons such as market demand, available 
technological skills and desire for prestige items but general attitudes towards metals in the 
society and subjective priorities on the part of the rulers/owners might also have had an 
influence. I argue that the relative distribution of the metal used for utilitarian, prestige and 
ritual objects (e.g., Fig. 5.3) could be an appropriate indicator for assessing the priorities for 
metal use in the society. It could also give some hints about the metal system: production of 
objects of different types needed different alloys, different techniques and differing skills, and 
thus, their presumptive lifecycles were different. In this respect my approach can be seen as 
consumption-oriented, recently advocated for material studies by for instance Manning and 
Hulin (2005). The assumed features of utilitarian, prestige and ritual bronze objects and their 
impacts on the society are compiled in Tables 3.1, 3.2 and 3.3. 
 

ii) By find context  

A unique characteristic of metal is that theoretically it can be recycled and reshaped 
indefinitely (Fig. 1.3). As mentioned above, there are always losses in practice that have to be 
replaced by new metal if the metal amount in circulation is to remain constant. On LBA Crete 
the main losses from the metal cycle was the metal permanently deposited in burials and as 
votives, which can be used as a measure of the total losses from the metal cycle. Permanent 
deposition of metals can also be seen as a deliberate strategic device to control the availability 
of metal; an important effect of burying metal is that it restricts access for people outside and 
ultimately inside the group doing the burying (Baboula and Northover 1999, 151). I regard the 
balance between the quantities of metal in circulation and permanently deposited (e.g., Fig. 
5.4), as an important aspect of the metal assemblage in my study approach. As discussed 
previously I divided the metal amount in the record by context as follows: metal in circulation 
comprised all settlement finds (including finds from destruction levels, classified as 
temporary hoards intended to be retrieved later) and isolated finds, and permanently deposited 
metal comprised burial gifts, votives, and metal in ceremonial and foundation hoards. The 
assumed features of societies where the main part of the total metal amount was either 
permanently deposited or in circulation are compiled in Table 3.4. 
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Assumed features of utilitarian bronze objects: 

• Alloy: mostly low-tin bronze with varying tin content. 
• Raw materials: mainly re-melted broken objects, scrap metal and metallurgical  
     waste. 
• Manufacturing technique: common, could be produced in most workshops. 
• Weight: solid cast tools like axes and saws, heavy items with high material value.  
• Use, users and market: used in industry, crafts, agriculture and households, by  
     the whole population: large local market. 
• Find contexts: settlements and temporary hoards; rarely deposited in burials or  
   sanctuaries. 
• Lifecycles: cast tools have long lifespans, recycled when worn out. 
• Circulation: mainly local on non-palatial levels. 
• Textual evidence: not mentioned on Linear B tablets, might indicate that palaces  
     not interested in control of tools. 

Most metal in utilitarian objects: assumed impacts on the society. 

• A large proportion of the metal import, circulation and bronzeworking outside the  
     control of the elite.  
• The non-palatial sector played a significant role in the economic development. 
• The main part of the total metal volume was kept in circulation. 
• Abundance of scrap metal might have been available: recycling volume high. 
• The focus of metal use was on economic activities, for the benefit of the whole  
   population. 

Table 3.1. Utilitarian bronze objects: assumed features of and impacts on the  
                  society. 
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Assumed features of prestige bronze objects: 

• Alloy: particularly weapons made of high tin bronze with optimal tin content  
     ca. 10 %. Vessels made either of pure copper or low-tin bronze. 
• Raw materials: for weapons, new copper and tin metal, or similar type re-melted  
     old objects. For vessels new copper or recycled metal. 
• Manufacturing technique: for weapons, sophisticated, by skilled smiths in  
     specialized workshops with access to tin metal. Small vessels cast and  
     hammered, large vessels by joining hammered copper sheets. Sophisticated  
     technique required for elaborate items. 
• Weight: weapons 0.3–0.4 kg.; large vessels on an average ca. 2 kg.; the huge 
     Neopalatial caldrons from Tylissos as heavy as ca. 50 kg.  
• Use, users and market: weapons used in warfare, hunting and as status symbols;  
     export of weapons, technology and smiths to the Aegean; vessels used for  
     storage, in households and as status symbols. Used mainly by upper classes.  
     Limited local market, but large export market. 
• Find contexts: Palaces and other centers, elite burials. 
• Lifecycles: weapons often preserved as heirlooms and used as burial gifts;  
     vessels vulnerable to damage, deposited in elite tombs or end up as scrap metal. 
• Circulation: elaborate items circulating on palatial level; daggers and mundane  
     vessels on non-palatial levels. 
• Textual evidence: Linear B archives record weapons but not vessels. 

Most metal in prestige objects: assumed impacts on the society. 

• A large proportion of metal import, circulation and bronzeworking controlled  
     by the elite. 
• The private sector did not play any significant role in the economy. 
• The priority of metal use not for economic developments, instead for luxury items  
     for the elite, and sumptuous ostentation. 
• Scarcity of utilitarian objects can cause shortages of metal for recycling. 

Table 3.2. Prestige bronze objects: assumed features of and impacts on the  
                 society. 
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Assumed features of ritual bronze objects: 

• Alloy: Figurines low-tin bronze. Lead was sometimes added to improve fluidity.  
     Cult axes made of copper sheet. 
• Raw materials: Mainly scrap metal, cult axes perhaps from new copper. 
• Manufacturing technique: Figurines solid cast by lost-wax technique, half-finished  
     appearance; small cult axes probably mass-produced from copper sheet; larger  
     decorated axes required special skills. Perhaps in special workshops near ritual  
     sites. 
• Weight: Mainly small items: figurines ca. 25 g. and cult axes ca.10 g. Insignificant  
     impact on total metal amount.  
• The amount of metal used for ritual purposes becomes large only when complete  
     or large fragments of copper ingots were ritually deposited, as at Neopalatial  
     Mochlos (Soles 2008a) and Postpalatial Hagia Triadha (Cucuzza et al. 2005). 
• Use, users and market: For deposition at ritual places by the whole Minoan  
     population. Almost unknown among the Mycenaeans. Local market. 
• Find contexts: Ritual sites, particularly sacred caves. 
• Lifecycles: Permanently deposited, sometimes re-melted. 

Much metal in ritual objects: assumed impacts on the society. 

• Religious rituals and ceremonies of central importance in the society. 
• Sufficient metal was available also for ritual objects. 
• Sanctuaries might have played a role in metals trade and circulation, an indication  
     of the old mythical connection between metal and cult. 

Table 3.3. Ritual bronze objects: assumed features of and impacts on the  
                 society. 
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Most metal is permanently deposited: impacts on the society: 

• Burial practice with rich metal grave gifts, which reveals a priority for use of metal  
     to strengthen the status of the elite. 
• Metal deposited in burials, ceremonially and as votives meant losses from the  
     circulation necessitating replacement by new metal. 
• Permanent depositing of metal might have been a strategic means to restrict  
     access to and availability of metal. 
• Rich metal finds in burials do not automatically indicate abundance of metal above  
     ground; on the contrary, it could have caused metal shortage.  
• Economic development does not seem to have been prioritized, seen by the small  
     amount of metal in circulation. 

Most metal in circulation: impacts on the society. 

• A society where the focus of metal use was on economic activities. 
• Metal used for tools and other utilitarian objects needed in construction, industry  
     and crafts in circulation, could indirectly have benefited the whole population. 
• Metal losses from the circulation were probably small, and the need to  
     continuously import supplemental metal was not urgent. 
• The large amount of metal in circulation generated much scrap metal for recycling 

Table 3.4. Balance between amount of metal in circulation and permanently  
                 deposited: features of and impacts on the society. 
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Metal cycle  
The passage of artefacts through different phases of their lifecycles has long been considered 
important in material studies and fundamental to the understanding of trade and other social 
interactions (Needham 1998, 285). Different concepts such as artefact lifecycle, artefact 
biography and chaîne opératoire have been applied in archaeology.19 In this study I use a 
different concept, a regional metal cycle (Fig. 3.2). It can be defined as the flow of metal (as 
material) through its processes and stages in a region, and is closely linked to the critical 
matter of recycling (Needham 1998, 286). If all metal were recycled, the cycle would be 
closed. In the Bronze Age metal cycles were never closed because there were always losses in 
the circulation, such as permanently deposited burial gifts and votives, exported and lost 
objects, and waste and spill from metallurgical processes. As mentioned above, the main 
losses on LBA Crete were burial gifts. Metal cycles are not much discussed in metal studies, 
apart from Needham in his theoretical articles on metal flow (1998, 2001) and in an article on 
biographies of ingot fragments in the catalogue to the Uluburun exhibition (Primas 2005, 388-
389, Abb. 5).  
 

 

                                                
19 Discussions of artefact lifecycles and biographies are frequently confused and within the archaeological 
science community the concepts are often conflated (Tite, 2000). The concepts are defined by Doonan and Day 
(2007, 6) as follows, “Artefact lifecycles are pieced together from aspects of an artefact that have been recovered 
through a variety of techniques and may include provenance, production history, use-wear, modification, decay, 
and depositional context. Artefact biographies supplement these material facets by entangling the social 
circumstances within which material culture is itself created and in turn can be used to recreate social 
relationships and institutions.” The chaînes opératoires model (Leroi-Gourhan, 1943; Lemmonier ed., 1993; 
Pfaffenberger, 1992, 1998), has for instance been applied in the Sydney Cyprus Survey Project (SCSP) to 
balance prevailing views of socio-technical systems and mining communities by integrating social archaeology 
and archaeometallurgy (Van Lokeren and Kassianidou, 2003, 21-22).  
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Regional metal flows could in principle be visualized as quantitative flow charts, so-called 
‘Sankey diagrams’, commonly used in engineering to illustrate regional material and energy 
flows (Schmidt 2008). I was interested in trying to present the metal flows on LBA Crete as 
Sankey diagrams. So far the method has not been used in archaeology, but a German 
specialist argued that it might make sense to use it for local material cycles, even in ancient 
societies (e-mail 2008 from Prof. Mario Schmidt, Pforzheim University, Germany). I realized, 
however, that the available data for the metal finds from LBA Crete were not sufficient to 
calculate a Sankey diagram; instead, I constructed a hypothetical regional metal cycle 
resembling the cycle presented by Primas (2005, 389, Abb. 5). The cycle comprises the 
probable stages and processes the metal might pass through on LBA Crete (Fig. 3.2). 
 
For each region I located the metal finds in respective phases and roughly calculated the 
percentages of the total amount of metal (including both artefacts and ingots) that was found 
in each phase (e.g., Fig. 5.5). A crucial factor regarding how the metal is distributed in the 
cycle is the extent to which hoarding and recycling were practiced. The general view has been 
that metal hoarding on the same scale as in Bronze Age Europe and even on Cyprus and in 
Mainland Greece did not occur on LBA Crete, but that the use of scrap metal and recycling 
became desirable and profitable on Crete long before it did in these two regions (Knapp et al. 
1988, 257). See the discussion on hoarding and recycling in Chapter 2.3.  
 
Metal profile 
To get an overview of the structure of the regional metal assemblage, I compiled regional 
metal profiles for each period by region, summarizing what the results of my analyses of the 
metal record supported by possible information gleaned from the Linear B tablets revealed 
about metals in the region (see Fig. 3.1). The profiles for each period by region are presented 
in Chapters 5, 6, and 7.  
  

3.4 METALS IN SOCIETY 
My last step in the approach (Fig. 3.1) was an attempt to identify and assess by period and 
region what the regional metal profile reveals about:  

i. The main features of the metal system, such as the volume of the metal supply, possible 
import harbors, the manufacture of metalwork and its organization, priorities for use of 
metals, the circulation and deposition of metalwork and of recycling.  

ii. The social circumstances affecting the metal system, such as the political economy, social 
values and cultural habits.  

iii. The role of metals in the society such as the availability and access to metal, the role of the 
private sector and the impacts of metal on the economy, industry, and the status and power 
of the elite, as well as a possible, deliberate metal strategy imposed by the rulers. 

In Ch. 8 I present summaries and hypothetical views of the characteristics of the role of 
metals in the Minoan Neopalatial and Mycenaean Final and Postpalatial societies on LBA 
Crete, achieved by my metal-centered approach on the basis of preserved, published metal 
finds and metallurgical refractory material stored in my database ΧΑΛΚΟΣ, complemented 
by information gleaned from the Linear B archives. I also discuss possible deliberate metal 
strategies employed in the Minoan and Mycenaean palatial societies on LBA Crete. My 
answers to the research questions and final conclusions are presented in Ch. 9. 
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CHAPTER  4. STUDY MATERIAL 
 

4.1 COVERAGE OF THE MATERIAL 

 
My study material comprises the published (up to 2012) bronze objects, copper ingots and 
other metal raw material, and metallurgical refractory material dated to the Minoan 
Neopalatial and the Mycenaean Final Palatial and Postpalatial periods, found during more 
than one hundred years of archaeological excavations on Bronze Age Crete (for the 
chronological and metallurgical limitations, see Chapters 1.5 and 1.6). I have collected the 
information about the finds from a wide range of sources such as project and excavation 
reports, catalogues, articles and conference proceedings. The quality of the data published for 
the finds varies considerably. For the most recent finds, for instance from Mochlos, complete 
sets of data are published (Soles and Stos-Gale, 2004), whereas for instance for the numerous 
finds from the Psychro Cave and the Armenoi cemetery, hardly any information on the finds 
has been published. In general dimensions are best documented; for almost 80 % of the 
swords and spearheads the length is published, and for chisels and knives about 50 %. Most 
problematic is the lack of analytical data: the alloy composition is available for only 7 % of 
the objects, and the weight is published for only 6 % of the objects (see Chapter 4.5). On the 
other hand, for the copper ingots, which always have interested scholars, detailed information 
has been published from the beginning. 
 
In order to effectively manage the material, I entered it into a codified database ΧΑΛΚΟΣ, 
which I devised particularly for this study. It is briefly discussed in Chapter 4.6 and presented 
in detail in Appendix I. My intention has been that the database shoud be as complete as 
possible for all types of metal and metallurgical finds published from LBA Crete. Currently it 
contains 2676 finished copper-based objects, 437 finds of copper ingots and other raw 
material and 179 finds of metallurgical refractory material, or in total 3292 finds. I calculated 
roughly that it covers ca. 80–90 % of the finds published to date from LBA Crete.20  
 

4.2 FINISHED BRONZE OBJECTS 

 

Metal assemblage structure 
The structure of the assemblage of finished bronze objects, presented on the basis of the 
distribution of the finds by period, object category, site type and region, is illustrated in Figs. 
4.1–4.4. The distribution of the finds by period (Fig. 4.1) shows not unexpectedly that the 
Neopalatial finds dominate; more than 40 % are dated to this period, twice as many as from 
the Final Palatial period. The finds from the Postpalatial period are somewhat more 
numerous. More than 10 % of the objects in the database have an unspecified LM dating; 
most of them are probably Neopalatial.  
                                                
20 In studies of material assemblages the number of published finds can never reach the actual number of finds: 
many excavations remain unpublished, are published only elementarily or are still awaiting final publication. 
According to Adams (2006, 14), movable artefacts make up the most problematic category of evidence in terms 
of published material. 
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I have classified the finished objects into seven groups (categories), commonly used in 
Aegean archaeology: tools, vessels, weapons, ritual objects, personal items, ornaments and 
miscellaneous objects (Og in the database). The distribution of the finds by object category 
(Fig. 4.2) shows that almost 40 % are tools, both sizable, heavy-duty tools such as double-
axes, chisels and saws and smaller tools for precision work. It is noteworthy that the tools are 
twice as many as the weapons. The number of metal vessels found is impressive, and a 
hallmark of LBA Crete: 254 items. The personal items (mirrors, razors and tweezers) seem to 
have been frequent, particularly as burial gifts in the Mycenaean periods. The distribution of 
the number of finds by site type (parameter S in the database) (Fig. 4.3) shows that the 1063 
burial finds make up only 40 % of the total number, a rather low percentage for the Aegean 
LBA: the vast majority of the finds from mainland Greece and the Mycenaean periods on 
Crete are from burials. The regional division (parameter G in the database) of the finds is 
uneven (Fig. 4.4): a large majority is from East and Central Crete, core regions for 
archaeological activities for more than a hundred years.21 The situation is changing, however: 
a large proportion of the new finds comes from the western part of the island. As a whole the 
structure of the metal assemblage on LBA Crete is exceptional: for instance in the Mycenaean 
Peloponnese, the percentage of the weapons of all copper-based artefacts was about 30 % and 
about twice the amount of tools, and the main part of the finds was from burials (Kayafa and 
Hakulin 2007).  
 
The structures of the metal assemblages from the Minoan and Mycenaean LBA Crete reveal 
many differences (Hakulin 2004, 8-11, Figs. 8, 11, 14): the finds from the Minoan Neopalatial 
period are mainly settlement finds, whereas the Mycenaean finds are mainly burial gifts; some 

                                                
21 See Map 1.1. 
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object types seem to have been more popular among the Minoans and some, such as the large 
saws, almost disappear under the Mycenaean rule while some object types increase or are 
even introduced by the Mycenaeans, such as the mirrors. Particularly after the collapse of the 
Minoan culture, the popularity, typology and size of almost all object types seem to have 
changed. The causes and impacts of these differences will be analyzed and discussed in 
Chapters 5, 6 and 7. 
 
Main object types 
The assemblage of bronze objects in my study material contains 50 different object types of 
varying functions, sizes and importance. Among them I selected 10 types that I regarded as 
the most important, which I discuss briefly in the following. Pictures of some typical Minoan 
bronze objects in Cretan museums are collected in Appendix III.  
 

Tools 
Tools were needed in all sectors of the society and used by all social classes. In the first 
volume of his comprehensive study Minoan Crafts: Tools and Techniques. An Introduction 
(Evely 1993, 2000), Evely presented all the main Minoan copper-based tool types, their 
classification, production and use and catalogues covering all items published up to that time, 
as well as some unpublished finds found on Crete during all of the Bronze Age. In the second 
volume he presented the crafts: evidence for bronze workshops, and catalogues of ingots and 
refractory materials. This study has been one of my main information sources. Earlier Shaw, 
in his study Minoan Architecture: Materials and Techniques, 1973, and an updated version in 
2009, investigated the tools used for building, which in practice are mainly the tools used for 
woodcutting (Shaw 1973, 44-58; 2009, 38-54). His approach is primarily technical. The 1023 
tools in my database are classified into 20 different types (Appendix I.2), where I mainly 
followed Evely’s classification. 
 
Perhaps the most typical tool on Bronze Age Crete is the cast, functional double-axe with an 
oval shafthole (Evely 1993, 41-55).22 The reasons for adoption of this axe type on Crete might 
have been both symbolic and technical: in the neighboring regions single-axes were preferred. 
The size of all double-axes is rather uniform and their weight is ca. 1 kg. They were valuable 
items and could represent a fortune for ordinary people: they could be used for generations, 
and when worn-out, re-melted and recast. The first double-axes were of pure copper, but 
during the Late Bronze Age, low-tin bronze dominate (Evely 2000, 358, 360; Blitzer 1995, 
506-507; Hemingway 1996, 226). The database contains 187 axes, of which about half are 
dated to the Neopalatial period (Fig. 4.5). They were found in all types of settlements, but are 
rare in burials. The rest have mainly an unspecified LM dating (they are most probably 
Neopalatial). The Final Palatial and Postpalatial axes are surprisingly few. Numerous clay-
investment molds for double-axes dated to LM III from Kommos and Palaikastro (Blitzer 
1995, 506-507; Hemingway 1996, 226) indicate, however, that double-axes were still being 
produced. The reason for the lack of axes in the Mycenean era might be increased 
recirculation of the metal rather than decreased use of the axe (Evely 1993, 55). Another 
                                                
22 The double-axe was a ritual symbol on Minoan Crete, found as a motif on pottery, frescoes and seal stones and 
as “mason marks” on stones. Besides the heavy cast tools, which were used during the entire Bronze Age, 
ceremonial, non-functional, small double-axes of precious metal or thin copper or bronze sheet have been found 
on Crete in the hundreds, as have been larger, often decorated axes, mainly from Neopalatial sanctuaries (e.g., 
Buchholz 1959b; Haysome 2010). These axes will be presented later in this Chapter under the heading Ritual 
objects. 
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explanation could be the scarcity of excavations of Mycenaean settlements: most of the finds 
from these periods are from tombs, and tools were seldom deposited in tombs.  
 

  

  
 
The number of chisels (Evely 1993, 2-19) in my database, 179 items, is of the same order as 
the double-axes, but their size varies considerably from only a few cm. up to 30 cm., which 
indicates different uses. A detailed typology on the basis of physical criteria has been 
developed by Deshayes (1960, I, 85-100), of which an application for the Minoan chisels is 
made by Evely (1993, 2, 11-14). Their distribution by period is similar to the double-axes: 
chisels of Neopalatial date and with unspecified LM dating dominate (Fig. 4.6). From the 
Mycenaean periods there are somewhat more chisels than double-axes, 29 items, of which 18 
from tombs. On average these were longer than the Neopalatial ones (Hakulin 2004, 12, Fig. 
18). One reason for this difference might be that the chisels were considered less valuable for 
recycling than the heavier axes.  
 
Minoan craftsmen had an exceptional wide range of saws at their disposal (Shaw 1973, 55-69; 
2009, 44-51; Evely 1993, 26-40): from very small ones for precision work to huge saws up to 
1.6 m. long, weighing as much as 5 kg.23 They were used both for woodworking and 
stonecutting. The 68 saws recorded in my database are concentrated to the Neopalatial period 
(Fig. 4.7): the large saws seem to have disappeared after the Neopalatial period. Further, they 
have been found only in palatial contexts, particularly at Zakros, which may indicate that their 
use in logging and stone-cutting could have been a kind of palatial privilege, and that the 
forests and quarries were controlled by the palaces. Making the large saws seems to have 
required a special technique (Wells 1974, 2-8), perhaps mastered only by some palatial 

                                                
23 In Classical Greek times it was said that two mythical figures, Talos and Daedalos, invented the saw on Crete. 
The tale is made even more interested by the fact that although pre-Minoan saws are known from the Ancient 
Near East, the Minoan saws are usually larger, better preserved, and more numerous than those found elsewhere 
(Shaw 1973, 55; 2009, 44). 
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smiths, perhaps at Zakros. Medium-sized saws used by carpenters have been found also in 
non-palatial contexts for example at Gournia. A rare find is the medium-size saw in Tomb 33 
at Zapher Papoura, the so-called ‘Carpenter’s’ tomb (Evans 1906a, 50, Fig. 47; Evely 1993, 
31, No.43). 
 
Knives are most numerous in the database: a total of 230 finds are recorded. In this study they 
are all considered as tools (See Chapter 3.2 for discussions of object functions). Knives are 
found rather equally in all periods (Fig. 4.8), but their size and probably their functions 
varied. The small, single-edged Minoan knives were probably universal tools or status 
symbols as in the Early Bronze Age (e.g., Nakou 1995), whereas the longer Mycenaean 
knives would perhaps be better classified as weapons. The Minoan knives are found in all 
types of settlements, whereas during the Mycenaean periods they were found mainly in 
tombs. In the LM IIIB phase of the Postpalatial period, considered to have been relatively 
poor in metal, the custom of placing a knife as a multi-purpose tool and weapon in burials was 
both widespread and uniform (Baboula 2000, 75). The main contribution to the study of the 
one-edged bronze knife in the Aegean was published by Sandars already in 1955. Evely, 
referring to Deshayes (1960, 328), comments on the pointlessness of trying to enumerate the 
uses of knives beyond tentative suggestion, due to the variety of tasks they are used for (Evely 
1993, 20). He did not compile a catalogue for knives, as he made for all the other tool types 
(Evely 1993).  
 
Weapons 
I have classified the 456 weapons in the database into four types; swords, daggers, spearheads 
and arrowheads. Additionally there are three finds related to armament: a bronze helmet from 
Tomb V in the New Hospital cemetery at Knossos and two spear buttspikes: one from Poros 
and one from Chania. Swords have always received much interest from Bronze Age Aegean 
scholars. Karo (1930-1933, 200-206) and Sandars (1961; 1963) developed detailed typologies 
for swords still commonly used. Kilian-Dirlmeier has compiled a comprehensive catalogue 
covering the Bronze Age swords from Crete (1993). Molloy is one of the few scholars who 
has recently focused on the sword types: his approach is different, however: focusing on the 
technical aspects of combat practice he seeks to illuminate the dynamic relationship between 
war and society in the Aegean Bronze Age (Molloy 2010). The origin and distribution of the 
sword types and typology are much discussed topics. My database contains a total of 100 
swords, which are rather equally distributed between the periods (Fig. 4.9). Of the 31 long 
Neopalatial Type A swords, 16 were found in the Arkalochori Cave. The more militaristic 
Mycenaeans used the shorter, more effective C and D-type swords that were probably 
produced in the hypothetical Knossian sword workshop (e.g., Driessen and Macdonald 1984). 
They are all found in burials. Postpalatial swords were found in tombs all over the island, but 
particularly in East Crete (Tsipopoulou 2005, 328). 
 
The most popular weapon seems to have been the dagger. The database contains 162 items 
(Fig. 4.10), of which 73 are small Neopalatial daggers, perhaps mainly used as universal 
tools. Only 22 Final Palatial daggers have been found, but during the Postpalatial period the 
dagger seems to have been a popular grave gift, attested by 63 finds. In the Final Palatial 
period a different type of dagger, the dirk or short-sword, resembling swords appeared,24 but 

                                                
24 Swords, dirks, and daggers are defined according to their length: swords >0.50m., dirks 0.30 – 0.50 m. and 
daggers <0.30m. (Driessen & Macdonald, 1984, 56, note 51, citing Desborough, The Last Mycenaeans and their 
Successors (Oxford, 1964). Other type divisions have also been published. In this study I follow for each find the 
classification and term used by the excavator. 
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daggers were to a great extent replaced by long knives and spears as standard armament. At 
the end of the Postpalatial period elaborate Peschiera daggers, probably imported from Italy, 
have been found (B.P. Hallager 1985; S. Sherratt 2000, 84, and Appendix). Daggers 
decorated with inlay technique, like the prestige daggers from the Mycenaean Peloponnese, 
have not been found on Crete (Laffineur 1998, 61). 
 
 

  
 
 

 
 
 
Spears were the most effective and lethal of all weapons (Driessen and Macdonald 1984, 58; 
Sandars 1963, 128). Höckmann and Avila have compiled catalogues of the Minoan and 
Mycenaean LBA spears, the former also a detailed typology (Höckmann 1980, respective 
Avila 1983). The database contains 105 spearheads, of which a large part, 41 items, are dated 
to the Final Palatial period (Fig. 4.11), when the spear belonged to the warrior´s standard 
armament. The earliest spearheads from LBA Crete are the three Neopalatial spears from 
tomb XX at Mochlos (Seager 1912, 75, Fig. 45, No.XX 10,11,12). Spearheads are roughly 
divided by manufacture and shape into shoe-socketed and tube-socketed, with the latter type 
being introduced during the Final Palatial period. Their length varies between 20 and 60 cm. 
After the fall of the Knossos palace the heavy spears seem to have been replaced by lighter 
types.  
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Vessels  
Bronze vessels were extremely rare on Crete before the end of MM III, but from LM I early, 
quite a wide repertory of forms was in circulation (Catling 1964, 187), used for storing, 
cooking, pouring and drinking. The database contains 254 items which are classified into 20 
groups according to form, following mainly the classification used by Matthäus in his 
comprehensive catalogue Die Bronzegefässe der kretisch-mykenischen Kultur, 1980. A large 
part of the Cretan vessels is Neopalatial (Fig. 4.12) and the Final Palatial ones were almost as 
many, whereas considerably fewer are dated to the Postpalatial period. Most numerous types 
are tripods (33 items), basins (27), cauldrons (19) and lekanai (17). Of outstanding importance 
are the Neopalatial find-groups in hoards in and around the Palaces at Knossos and Malia 
(Georgiou 1979) and at Mochlos (Soles 2008a), as well as the Final Palatial vessels in Tombs 
14 and 36 at Zapher Papoura (Evans 1906a, 39-42, 54) and in Tholos A at Archanes 
(Sakellarakis and Sakellarakis 1997, 588-590). 
 
The vessels were produced either by riveting together metal sheets or by raising and sinking 
the vessel from a cast blank. Handles, legs and similar parts were cast separately and affixed 
to the vessels by rivets. Neopalatial vessels were normally made of copper, but during the 
later periods tin bronze was also used. The cast elements were always bronze. Evely has 
published a brief overview of manufacturing of vessels (Evely 2000, 380-387). A striking 
trend is the reduction of the size of the vessels after the Neopalatial period, perhaps due to 
problem with water-proofing (Catling 1964, 187), but this trend might also be related to the 
availability of metal. Bronze vessels are heavy, the larger types weigh on an average ca. 1-2 
kg., the cauldrons from Tylissos up to 50 kg. 
 

 
 
Personal items  
The objects for personal care, here called personal items are razors, tweezers and mirrors. 
They are found mainly in tombs from the Mycenaean periods. There are two types of razors: 
a two-edged, leaf-shaped razor and a one-edged razor of “cleaver” type, which resembles 
heavy-duty knives. The use of these objects is not quite clear, but Evans called both types 
‘razor’, and the term has persisted to modern times. The leaf-shaped razors were earlier and 
had almost disappeared around LM I-II when the one-edged cleaver type gradually replaced 
them. Weber has compiled a comprehensive catalogue of the razors from Southeast Europe, 
comprising also the Bronze Age Cretan razors (Weber 1996). The database contains 162 
items, of which 75% are dated to the Mycenaean periods (Fig. 4.13). The Minoans might 
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indeed have been clear-shaven, but they used ordinary knives, perhaps. The size of the razors 
is rather homogeneous: the length for both types varies only between 15 and 20 cm.  
 

  
 
Mirrors are polished, circular bronze plates. The Cretan mirrors are not shafted, as the 
Cypriot ones are: they have holes for riveting a shaft. The diameter is generally ca. 10 -15 cm. 
but that for some items is as much as 20 cm. Mirrors were a common grave gift in the 
Aegean, particularly on Crete: Evans believed they came from Egypt in the middle of the 
fifteenth century BC (Catling 1964, 227). Of the 75 items in the database, all except six are 
from tombs in the Mycenaean periods (Fig. 4.14). Rare finds are the Neopalatial mirrors 
found at Malia and Zakros (Papaefthimio-Papanthimo 1979, 133). Mirrors were manufactured 
by cold working and annealing cast blanks of copper or bronze (Baboula and Northover 1999, 
150).  
 

Ritual objects 
The objects of bronze found on ritual sites (peak sanctuaries, sacred caves and ritual sites in 
settlements) are mainly cast figurines, small non-functional double-axes of sheet metal, tools, 
and (votive) weapons (Jones, D.W. 1999; Adams 2004a). In addition two large ornamented 
double-axes were found at Zakros (N. Platon 1974) and four huge axes found in storage at 
Nirou Chani, probably intended for use mounted on tall stands in sanctuaries, as has been 
illustrated on the painted sarcophagus from Hagia Triadha. Ritual objects are found mainly 
from the Neopalatial period: hardly any are found from the Mycenaean periods. In this study 
only bronze objects especially made for ritual purposes -- figurines (the most common 
indicator of a ritual context (Adams 2004a, 32)), and the non-functional double-axe -- are 
considered as ritual objects. The Psychro Cave above the Lasithi plain survived in use until 
the historic period. The assemblage of bronze objects from the cave is exceptionally large, 
and besides ritual objects includes daggers, knives, votive blades, spear- and arrowheads, 
pins, needles and ornaments, etc. (Boardman 1961). The finds from the cave are almost 
equally divided between the Heraklion Museum and the Ashmolean Museum in Oxford. 
Boardman published the Oxford collection (Boardman 1961), with references also to finds in 
the Heraklion Museum. 
 
The database contains 145 human figurines, of which 70 % are male figurines. Their size 
varies from 3 to 20 cm. Sapouna-Sakellarakis has compiled the Cretan figurines in a 
catalogue (1995). They were solid cast by the lost-wax method (Verlinden 1984, 1986; Evely 
2000, 366), probably in specialized workshops (Sapouna-Sakellarakis 1995, 122-134). Their 
appearance is often half-finished, the reason for which could have been mass production, 



CHAPTER 4 
 

�48 

cheapness or even (religious) preferences (Evely 2000, 366). As many as 45 chemical 
analyses of figurines have been published (Varoufakis 1995): the majorities were made of 
pure copper or low tin-bronze. Lead was sometimes added, perhaps to increase the fluidity or 
to augment the more expensive bronze. Lead contents higher than 30% has been attested 
(Varoufakis 1995, 159, no.3). Before LM IB almost all figurines were found in sanctuaries 
outside towns whereas during LM I almost half of the figurines were found in settlements 
(Driessen and Macdonald 1997, 59).  
 
Large amounts of non-functional, small double-axes, cut from copper plates, have been found, 
particularly at Juktas, Psychro and Arkalochori. Michailidou argues that these small axe-
heads were perhaps used as cheap currency on LBA Crete (Michailidou 2003, 313-314): she 
bases this on the similarity to the situation in the Near East where small bronze objects were 
used as currency and on the similar weights of the axe-heads from Juktas (Michailidou 2003, 
304, Tables 2.3). The database contains 99 ritual double-axes, including a few large 
ceremonial axes, among them the huge axes from Nirou Chani.  
  

4.3 RAW MATERIALS 
 
Ingots  
As many as 32 intact copper oxhide ingots have been found on LBA Crete, all from the 
Neopalatial period. They are the earliest ingots found in the Mediterranean.25 Almost all were 
found in storage or in ceremonial contexts: at Hagia Triadha, 19 ingots (Halbherr et al. 1980, 
123), at Zakros, six ingots (N. Platon 1974, 80, Fig. 39; L. Platon 1988, II, 225-226), at 
Tylissos, three ingots (Hazzidakis 1921, 56, 1934; Gale 1991b, 202-203) and at Mochlos, one 
ingot (Soles 2008a, 155, Fig. 10). The ingot from Poros-Katsambas is the only intact ingot 
found in a workshop context (Dimopoulou 2012, 137-138, Fig. 14.7). Two ingots, which 
Buchholz localized to Palaikastro or Mochlos (Buchholz 1959a, 31, nos.10 and 13), have not 
been found. The find contexts of the ingots indicate that they seem to have had several 
functions: they were used not only as raw material for bronzeworking, but also had 
ceremonial functions and were assumed earlier to have had use as currency.26 Two halves of 
oxhide ingots have been found in ceremonial contexts: one Neopalatial from Mochlos (Soles 
2008a, 148, Fig. 3), and one Postpalatial from Hagia Triadha (Cucuzza et al,. 2004). Six 
complete, smaller, round plano-convex, or bun ingots, weighing ca. 6 kg., are recorded from 
the Neopalatial period: five from the Arkalochori Cave and one from Nirou Chani.  
 

                                                
25 Already in 1959 Buchholz published a catalogue of copper oxhide ingots and a typology for them that is still 
in use. He called them Keftiubarren, (Buchholz 1959a). All Neopalatial ingots from Crete are of the oldest Type 
1 (Buchholz: Kissenbarren), whereas the Postpalatial half-ingot from Hagia Triadha is of the later Type 2 
(Buchholz: Vierzungenbarren), which is the type for all other ingots found in the Mediterranean, including the 
ingots from Uluburun and the Cape Gelidonya shipwrecks (e.g., Pulak 2000, 138; Hauptmann et al. 2002, 
Bass1967).  
26 Since the ingots from Hagia Triadha were of quite uniform weight, on the average ca. 29 kg. or one talent, it 
was earlier assumed that they represented a form of proto-currency (e.g., Muhly 2009 18, 21). See also Chapter 
2.2 Monetary functions. 
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Oxhide ingots were cast, but not necessarily in one single operation (Muhly 2008a, 40; 2009, 
18-19).27 Only one mold for oxhide ingots has been found: a stone mold in the palace of Ras 
Ibn Hani in the Levant (Lagarce, 1986). The oxhide ingots are pure copper, but there has been 
some confusion in the literature about whether they were made of copper or bronze (see e.g., 
Muhly 2009, 19). More than 70 ingot fragments are recorded from workshops on LBA Crete. 
The majority are from Neopalatial Mochlos (Soles and Stos-Gale 2004, 45-59; Soles and 
Davaras 1996, 194-201; Soles, 2008a, 146-147), but they have also been found at Gournia 
(Betancourt et al. 1978, 7), at Kommos (Blitzer 1995 501; J.W. Shaw 2006, 726), at Poros-
Katsambas (Dimopoulou 1997, 435; 2012, 136-137), at Knossos (Evely 2000, 343), at Zakros 
(Bosanquet 1902-1903, 276) and at Chania (Stos-Gale et al. 2000, 207). 
 
Other raw material  
Not only imported ingots were used as raw material for bronzeworking, but also recycled 
metal, which constituted a significant part of the metal supply. It is evidenced in the 
Neopalatial period by the foundry hoards at Mochlos, where broken objects, spill and waste 
from the casting process and small ingot fragments were collected for melting and recasting 
(Soles 2008a, 146-147), and in the Final Palatial period by hundreds of metal pieces in the 
LM II workshop in the Unexplored Mansion at Knossos, probably used as raw material 
(Catling and Catling 1984). At Poros-Katsambas evidence for the use of recycled metal is 
found in the workshops during the entire Late Bronze Age (Dimopoulou 2012, 136-141). For 
a discussion of the use of scrap metal on LBA Crete, see Chapter 2.3. In recent excavations all 
small metal pieces found in workshops are recorded, analyzed and published (e.g., Soles and 
Stos-Gale 2004), but earlier they were hardly noticed. My database contains ca. 350 such 
small metal finds of different kinds apart from ingot fragments from workshops. The total 
estimated weight of this material, however, is small, and does not attest the important role 
recycling might have played in the metal system on LBA Crete, as recycling may often have 
been rendered virtually invisible in archaeological terms (Needham 1998, 286). 
 
I have estimated the total weight of ingots and other metal raw materials found on LBA Crete 
to about one ton, which is probably much more than the corresponding weights from Cyprus, 
Mycenaean Peloponnese and Sardinia, for which, as far as I know, no total weights has been 
published. Kassianidou has recently catalogued the oxhide ingots from Cyprus, which include 
three intact and three half ingots as well as more than 70 fragments from eight different sites 
(Kassianidou 2009, 65-69). On the Peloponnese only one intact oxhide ingot has been found, 
at Mycenae, and in Sardinia, where the first oxhide ingot was found in 1857, hundreds of 
ingot fragments, but so far only four intact ingots have been found (Lo Schiavo 2009, 438).  
 

4.4 REFRACTORY MATERIALS 
 
The most common evidence of bronzeworking is not metal finds but metallurgical refractory 
materials: fragments of crucibles, molds, tuyères and pot bellows. They are mainly ceramic or 
stone (schist, limestone or steatite). My database contains 179 refractory material finds from 

                                                
27  Hauptmann has shown that the oxhide ingots from Uluburun are layered, probably due to casting of several 
batches of metal into an oxhide-shaped mold (Hauptmann et al. 2002, 2). A picture taken by the author of this 
study of a hole in an ingot from Zakros in the Heraklion Museum shows that the LM IB ingots from Crete seem 
also to have been layered. 
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all periods and 13 different sites: 85 crucibles, 67 molds, 19 tuyères and 8 pot bellows.28 From 
Kommos we have the largest and most varying assemblage in terms of date, manufacturing 
and completeness (48 finds): it includes crucibles, molds and fragments of pot bellows from 
both the Minoan and Mycenaean periods (Blitzer 1995, 502-509). The LM IB Artisans’ 
Quarter and town at Mochlos (Soles et al. 2004, 22-23, 35-36; and Brogan 2008, 163-164), 
and the LM II workshop in the Unexplored Mansion at Knossos (Catling and Catling 1984) 
have also yielded rich finds of metallurgical refractory materials. Recent rescue excavations at 
the harbor town of Poros-Katsambas have uncovered evidence of metalworking during the 
entire Late Bronze Age, including fragments of all types of refractory material (Dimopoulou 
1997, 2012). These finds have not been analyzed and fully published yet, and are therefore 
not entered in my database. At Palaikastro metallurgical debris dated to LM IIIB containing 
numerous fragments of crucibles and tuyères has been found in a pit (Hemingway 1996; 
Catling 1997). 
 
Analyses of the fabrics indicate that differing composite material and casting techniques were 
used for crucibles and molds at Kommos in the Neopalatial and Postpalatial periods 
(Oberweiler et al. 2008; see also Hakulin 2004, 21-23). Investigations of crucibles from two 
periods at Palaikastro have revealed, as at Kommos, a change in fabrics and technology from 
the Neopaltial to the Postpalatial periods (Evely et al. 2012).  
 
In the Neopalatial period in general the molds were made of stone and suitable for repeated 
use. Boyd Hawes found five open stone molds for tool production at Gournia (Boyd Hawes et 
al. 1908, 32). Their value is attested by the fact that one mold was repaired. From the Malia 
palace Chapouthier and Demargne (1942) reported a collection of seven open and eight 
bivalve stone molds dated to MM III. The bivalved molds were used for casting of double 
axes. 
 
4.5 METAL WEIGHTS 
 
Because my aims was to investigate the distribution of the total metal amount, and how it was 
used, not specific types of metal finds, the weights of the finds (in practice the estimated 
weights) constitute a crucial part of my study material. Because it has not been common 
practice in Aegean archaeology to publish weights for metal finds (Michailidou 2001, 97, 
note 97), I was forced to estimate the weights for the main part of the finds. The estimation 
methods used and the resulting estimated weights are presented in Appendix II. 
 
Division by period and region 
In the following tables I summarize the estimate total weight of metal in objects and ingots 
found on LBA Crete by period and region (Tables 4.1 and 4.2). The estimted grand total 
weight of metal found is ca. 1930 kg., almost equally divided between objects and ingots. The 
estimated metal amount preserved from the Neopalatial period is about five times as large as 
the total amounts recorded from the two Mycenaean periods (Table 4.1): further, almost 70 % 
of the metal seems to have been found in Central Crete, and less than 4 % in West Crete 
(Table 4.2).  

                                                
28 The six Neopalatial crucibles from Palaikastro, published by Evely et al. 2012, are not yet entered in the database.  
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Period / Region Objects Ingots, etc. Total 
       
Neopal. period      
   East Crete ca. 210 kg. ca. 230 kg. ca. 440 kg. 
   Central Crete ca. 350 kg. ca. 710 kg. ca. 1060 kg. 
   West Crete ca. 10 kg. – ca. 10 kg. 
   Unspec. region ca. 4 kg. – ca. 4 kg. 
   Neopal. total ca. 570 kg. ca. 940 kg. ca. 1510 kg. 
       
Final Pal. period       
   East Crete ca. 2 kg. – ca. 2 kg. 
   Central Crete ca. 140 kg. ca. 10 kg. ca. 150 kg. 
   West Crete ca. 16 kg. – ca. 16 kg. 
   Unspec. region ca. 0.2 kg. – – 
   Final Pal. total ca. 158 kg. ca. 10 kg. ca. 168 kg. 
       
Postpal. period      
   East Crete ca. 30 kg. – ca. 30 kg. 
   Central Crete ca. 38 kg. ca. 22 kg. ca. 60 kg. 
   West Crete ca. 35 kg. – ca. 35 kg. 
   Unspec. region ca. 3 kg. – ca. 3 kg. 
   Postpal. total ca. 106 kg. ca. 22 kg. ca. 128 kg. 
       
Unspec. LM period       
   East Crete ca. 39 kg. – ca. 39 kg. 
   Central Crete ca. 45 kg. – ca. 45 kg. 
   West Crete ca. 8 kg. – ca. 8 kg. 
   Unspec. region ca. 32 kg. – ca. 32 kg. 
   Unspec. LM. total ca. 124 kg. – ca. 124 kg.   
       

 Grand total ca. 960 kg. ca. 970 kg. ca. 1930 kg. 
 

Table 4.1 Est. total weight of metal finds from LBA Crete by period/region and find type. 
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Region / Period Objects Ingots, etc. Total 
       
East Crete      
   Neopal. period ca. 210 kg. ca. 230 kg. ca. 440 kg. 
   Final Pal. period ca. 2 kg.        – ca. 2 kg. 
   Postpal. period ca. 30 kg.        – ca. 30 kg. 
   Unspec. period ca. 39 kg.        – ca. 39 kg. 
   East Crete. total ca. 280 kg. ca. 230 kg. ca. 510 kg. 
       
Central Crete       
 Neopal. period ca. 350 kg. ca. 710 kg. ca. 1060 kg. 
 Final Pal. period ca. 140 kg. ca. 10 kg. ca. 150 kg. 
 Postpal. period ca. 38 kg. ca. 22 kg. ca. 60 kg. 
 Unspec. period ca. 45 kg.        – ca. 45 kg. 
 Central Crete. total ca. 570 kg. ca. 740 kg. ca. 1310 kg. 
       
West Crete      
 Neopal. period ca. 10 kg.        – ca. 10 kg. 
 Final Pal. period ca. 16 kg.        – ca. 16 kg. 
 Postpal. period ca. 35 kg.        – ca. 35 kg. 
 Unspec. period ca. 8 kg.        – ca. 8 kg. 
 West Crete. total ca. 70 kg.        – ca. 70 kg. 
       
Unspec. region       
 Neopal. period ca. 4 kg.        – ca. 4 kg. 
 Final Pal. period < 1 kg.        – <1 kg. 
 Postpal. period ca. 3 kg.        – ca. 3 kg. 
 Unspec. period ca. 32 kg.        – ca. 32 kg. 
 Unspec. region total ca. 40 kg.        – ca. 40 kg.   
       

 Grand total ca. 960 kg. ca. 970 kg. ca. 1930 kg. 
 

Table 4.2  Est. total weight of metal finds from LBA Crete by region/period and find type. 
 
The calculated average weights of objects on the basis of the estimated total weights and the 
number of finds can give some indications of the availability of metal in the region: large, 
heavy bronze objects were manufactured in times and regions where metal was abundantly 
available, whereas during times when metal was in short supply, the objects tend to be small. 
It is well-known that the size of vessels and swords, for example, decresed from the 
Neopalatial to the Postpalatial periods. The calculated average weights for bronze objects by 
period and region are presented in Table 4.3. They vary from ca. 0.67 kg./object in 
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Neopalatial Central Crete to ca. 0.12 kg./object in Postpalatial West Crete. It is noteworthy 
that the finds with an unspecified LM dating and unknown provenance were on the average 
rather heavy (est. average weight ca. 0.63 kg.): small objects were probably not collected.29 

 

    Period       

Region Neopal. Final Pal. Postpal. Unspec. LM Total 
East Crete ca. 0.38  ca. 0.11  ca. 0.15  ca. 0.36  ca. 0.36  
Central Crete ca. 0.67  ca. 0.28  ca. 0.19  ca. 0.36  ca. 0.43  
West Crete ca. 0.63  ca. 0.39  ca. 0.12  ca. 0.44  ca. 0.19  
Unspec. ca. 0.22  ca. 0.20  ca. 0.31  ca. 0.63  ca. 0.49  
            
Total Crete ca. 0.51 kg. ca. 0.28 kg. ca. 0.15 kg. ca. 0.41 kg. ca. 0.36 kg. 

  
Table 4.3  Est. average weights for bronze objects from LBA Crete  

by period and region, kg./object. 
 
Division by object group and type 
The priority of metal use was a central question in the study. How was the valuable metal 
used: for practical activities or for status and prestige? On the basis of the number of objects 
in different object groups (e.g., tools and weapons) and the estimated average weights of the 
object types, I estimated that ca. 40 % of the almost 1000 kg. of metal in artefacts seems to 
have been used for tools and the same amount for vessels (Fig. 4.15). That so much metal was 
used to make vessels can be explained by the fact that in particular the Neopalatial vessels 
were large and heavy -- the cauldrons from Tylissos weigh together more than 100 kg. -- but  
 
 

 
                                                
29 The regional assemblages of bronze objects are not quite comparable in all respects. The average weights by 
period and region could be strongly biased by extremely heavy bronze objects, such as the cauldrons from 
Tylissos and the large saws. On the other hand, such large objects were surely not made in regions that were 
short of metal. 
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the large amount of metal used for tools might largely be related to the fact that numerous 
heavy tools such as double-axes and the huge saws have been preserved (Fig. 4.16). The 
estimated amount of metal used for weapons is surprisingly low: weapons, even the swords, 
were rather light, for practical reasons. Their value in the society depended on the arduous, 
sophisticated manufacturing technique and their role as status symbols, not on their weight, 
i.e., their material value. 
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4.6 MATERIAL MANAGEMENT 
 
To be able to effectively manage this large body of heterogeneous study material, l entered 
the ca. 3300 finds and their published parameters, information on their find context and 
present location, and the bibliographical references in a flexible database ΧΑΛΚΟΣ, which I 
deviced for this study. In this way the material could be searched and sorted by freely 
combining the parameters as search criteria and sorting the results at will. The weights stored 
in the database are all published weights, not the estimated weights. The structure of the 
database ΧΑΛΚΟΣ is presented in Fig 4.17. Its contents, codes and abbreviations used as 
well as outprint examples are presented in detail in Appendix I.  
 

 
 

Fig 4.17 ΧΑΛΚΟΣ database. Structure. 
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CHAPTER 5.  NEOPALATIAL PERIOD 

 
5.1 INTRODUCTION 
 
During the Neopalatial period MM III–LM IB, the Minoan culture reached its heyday, 
manifested in monumental palaces with elaborate architectural features and luxury objects 
made by skillful craftsmen from precious materials, often imported. Two different writing 
systems, the Cretan Hieroglyphic and the syllabic Linear A, were used in the administration 
of the island. Close contacts betwen Egypt, the Near East and the Aegean world had been 
established already in the preceding periods, and the coastal towns with good harbors (e.g., 
Chryssoulaki 2005) prospered from their locations near the main international trade routes: in 
particular, the import of copper and tin were major factors contributing to economy 
prosperity. The population seems to have been concentrated to Central and East Crete (see 
Map 1.1), which reflects either the Bronze Age situation or archaeological activities. West 
Crete was long considered almost a terra incognita, although more recent excavations of sites 
like Chania have corrected this belief. The Minoan culture collapsed at the end of LM IB due 
to a series of destructions perhaps connected with the Minoan eruption of Thera. The 
Troubled Island. Minoan Crete before and after the Santorini Eruption (Driessen and 
Macdonald 1997) presents an overview on all of Neopalatial Crete and the collapse of the 
Minoan palatial culture. 
 
There are two opposing geopolitical models for Neopalatial Crete: the traditional model, The 
Knossocentric Ideal (e.g., Wiener 1987; Hamilakis ed. 2002, 182), favors a Knossian 
hegemony, implying that the island was politically unified and that all other palaces were 
subordinate to Knossos. The second model, The peer-polity interaction model (Renfrew and 
Cherry eds. 1986), regards all palaces as the centers of small, basically independent units. 
Underlying both proposed models is the assumption that the palaces served as the political, 
economic and religious centers for a wider area (Schoep 2002, 15-16). In the recent 
publication Krinoi kai Limenes: Studies in Honor of Joseph and Maria Shaw, edited by 
Betancourt et al. (2007), Wiener states in eight arguments why he believes that Crete in the 
Neopalatial period was under unified rule from Knossos in contrast to the peer-polity 
interaction model advocated by Renfrew and Cherry: this was challenged by Renfrew 
(Wiener 2007). These established theoretical models have recently stirred up the debate due to 
re-considerations and re-interpretations of old data and have led to presentations of new 
alternative models (e.g., Driessen 2001b; Hamilakis ed. 2002). In a series of publications 
Schoep has presented the results of her reconstruction of the political geography and micro- 
and macro-scale administration in Minoan IB Crete, based on investigations of the 
undeciphered Linear A documents (Schoep 1996a, 1996b, 1999a, 1999b). 
 
Access to metals and metallurgical skills seems to have been a crucial factor for the Minoan 
economy, as mentioned above. Due to the lack of viable metal deposits on Crete, the bronze 
industry in the Late Bronze Age was dependent on imported copper and tin. Lead isotope 
analyses indicate that several copper ore sources were tapped, in particular Cyprus, Lavrion 
and old sources as yet undiscovered, probably in Anatolia (Gale and Stos-Gale 2007, 108, 
Figs. 7; Stos-Gale 2011, 225). The tin sources remain an enigma. It has been suggested that 
metals trade operated on different levels: on a high official level as gift exchange between the 
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elites and on a lower level as direct, decentralized, commercial trade, aimed at a sub-elite 
market (S. Sherratt 2000, 83). ). Discussing this possible difference in socioeconomic levels 
regarding metals trade, Manning and Hulin have argued that gift exchange between elites 
could not have accounted for the enormous volumes of metal in circulation in the LBA 
Eastern Mediterranean: they also differentiate between gift exchange on the one level and 
trade on a lower, commercial level, accounting for the majority of movement in metals. 
Clearly a commercial network also operated, sometimes on a considerable scale (Manning 
and Hulin 2005, 273). Metal arriving in the Cretan harbors controlled by the palaces was 
probably traded on the official level, whereas metal imported to other coastal towns such as 
Mochlos might have arrived on commercial vessels. The metal was probably traded in the 
form of copper and tin ingots, testified by the Uluburun cargo (e.g., Pulak 2000). Import of 
finished bronze objects might have been insignificant during the Neopalatial period: the 
Minoan bronze industry was probably able to satisfy the Cretan market. Instead export of 
Minoan metalwork can have been an important economic factor. The use of bronze scrap on 
Minoan Crete became desirable and profitable already in LM I-II, long before it did in 
Mycenaean Greece or on LBA Cyprus (Knapp et al. 1988, 257). It might have been collected 
locally: trade of scrap metal did not become important until the end of the Bronze Age (S. 
Sherratt 2000, 87-88).  
 
Metal seems to have been available in abundance in the Neopalatial period; the bronze 
collections from Knossos, Tylissos and Arkalochori have been considered among the largest 
found in the Mediterranean (Knapp et al. 1988, 251),30 and the 32 intact copper oxhide ingots 
are the most numerous found on land (e.g., Wiener 1987, 263, note 12). The bronze industry 
seems to have prospered during the Neopalatial period, which is attested both by the large 
amount of bronze objects found and by the evidence for several bronze workshops. The 
estimated amount of preserved metal from Neopalatial Crete is impressive, ca. 1500 kg., of 
which the weight of the ingots is ca. 60 % (see Table 4.1). Analyses of the structures and 
contents of the preserved metal records from Neopalatial East and Central Crete, and the 
assumed roles of metal in the societies are presented in Chapters 5.2 and. 5.3 respectively. For 
Neopalatial West Crete no separate analysis has been made due to the scarcity of published 
metal finds.  
 
As mentioned above the Minoan civilization ended with a collapse in LM IB and the majority 
of the settlements were destroyed. The causes for the destructions have been much debated: 
some suggested causes are earthquakes, human agency and internal social collapses (see e.g., 
the discussion after the workshop LM IB pottery: relative chronology and regional 
differences, held in 2007 and published by Brogan and Hallager eds. 2011, 640-644). 
Betancourt suggested another possibility in the discussion, that there is not one single, or 
simple cause (Betancourt 2011, 642); several factors could have been involved, which 
according to present evidence seems to be the most probable, and that the settlements were 
destroyed in different ways. Even if the Thera eruption might not have caused the collapse 
directly, it might have affected it: the question of its dating, however, is still open (see for 
instance Driessen and Macdonald 1997 and Warburton ed. 2009). After the collapse of the 
Minoan civilization the Mycenaeans invaded the island probably from the west (Whitley 
2005, 117; Andreadaki-Vlasaki 2005). It has been assumed that they ruled the gradually 
expanding Kingdom of Knossos during the entire Final Palatial period (see Ch. 6).  
 

                                                
30 Note that Knapp, Muhly & Muhly wrote this more than 25 yrs ago. 
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5.2 EAST CRETE 

 
          Map 5.1 Minoan East Crete 
 

Society 
The Neopalatial settlements in East Crete were concentrated to two areas: in the far eastern 
part of the island and around the Mirabello Bay on the north coast. It has generally been 
agreed that not all of East Crete was controlled by Knossos in the Neopalatial period (e.g., 
Warren 2004, 183 with references). The small palace of Zakros on the eastern coast that N. 
Platon discovered in the 1960’s (N. Platon 1974) was probably built at the end of the LM IA 
period.31 The obvious Knossian character of the palace indicates that it might to some extent 
have been under Knossos’ control (Wiener 1987, 265; L. Platon 2002, 145; 2004). Its main 
function, determined by its geographical location facing the important Near Eastern markets, 
might have been to import valuable raw materials and produce elaborate objects, and perhaps 
controlling the trade. Its presumed role as administration of cargoes and ships for trading and 
raiding is attested by an extensive Linear A archive in the palace and in particular by the 
second largest sealing archive on Crete, found in Hogarth´s House A overlooking the harbor 
excavated more than hundred years ago (e.g., Hogarth 1900-1901; Weingarten 1983; Wiener 
1987, 265; 1999; 2007, 234-235; Schoep 1999b, 204-205). There is, however, no evidence 
that Zakros controlled the nearby centers of Palaikastro and Petras (Tsipopoulou 2002, 143), 
nor the ‘villas’ in East Crete (L. Platon 2002, 146). The numerous spectacular objects found 
and the valuable raw materials in storage in the palace (e.g., six intact copper oxhide ingots 
and elephant tusks) are unique on Minoan Crete. The south workshop area at Zakros is one of 
the best-preserved examples of a palatial or ‘retainer’ workshop (Soles 2003, 96), where 
attached craftsmen could have produced artefacts from imported raw material (L. Platon 
1993). In a recent article on the topic Harbors as Agents of Social Change in Ancient Crete, 
Watrous discussed for example the LM IA–IB transition at Zakros (Watrous 2007, 104). 
According to him, in LM IA Zakros was a commercial community that prospered through 
maritime trade and where industrial activities were scattered throughout the entire town. 
However, by LM IB, a new palace had been constructed (probably by Knossos) and 
workshops making metal objects, for example, were added to the palace. All industrial 
activity in the town was apparently centralized in, or controlled by, the palace. That so many 
valuables were preserved at Zakros might be due to the fact that it could have been the only 

                                                
31 There is, however, new evidence that the site was occupied before the LM I palace was built (L. Platon 1999). 
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fully functioning palace when it was destroyed in LM IB, most probably by a seismic 
catastrophe (L. Platon 2011, 642). The palace was never rebuilt and probably not sacked, 
either. 
 
In her dissertation Reid (2007) proposed a completely different function for Minoan Kato 
Zakro: she argues that it was an autonomous, egalitarian area where the wealth was based on 
large-scale specialized pastoralism. As far as I know, no scholar has so far supported her 
hypothesis.  
 
The Palaikastro town on the coast to the north of Zakros has a long history. The town was 
founded in the Protopalatial period but was rebuilt with ashlar houses and paved streets in the 
Neopalatial period, which was its most prosperous era. The British School has been 
excavating the site since the early 1900’s. The material finds include elaborate, decorated 
pottery. The monumental architecture indicates that it might have been a palatial site, but so 
far no palace has been found. It could be submerged, however: the Minoan shoreline in East 
Crete lies several meters below the present one (e.g., Myres et al. 1992, 23). A Linear A tablet 
and some inscribed vessels and seals reveal a possible administrative role also for Palaikastro 
(Driessen and MacGillivray 1989, 105). In contrast to Zakros, not much strikes one as 
Knossian at Palaikastro (Warren 2002, 204). Associated with the site is the nearby peak 
sanctuary Petsophas, one of the few peak sanctuaries that remained active in MM III 
(D’Agata and Hermary 2012, 277). The destruction of the town in LM IB was most probably 
caused by human agency, a well-planned act by a major power (Cunningham 2011, 642). 
Palaikastro was rebuilt in LM II and prospered in the Postpalatial period.  
 
The recently excavated palace of Petras in the Sitia Bay might have constituted an 
independent entity during the Protopalatial period that included several villas in the 
hinterland, something which is attested by a large hieroglyphic archive. In the Neopalatial 
period it was probably less important: it was either independent or under Knossian control 
(Tsipopoulou 2002, 142-143). The finds from the excavation, directed by Tsipopoulou since 
the 1980’s, are as yet not fully published. Tsipopoulou argues that civil war or an internal 
upheaval would better explain the radical changes in the material culture on the site in late 
LM IB than the arrival of Mycenaeans (Tsipopoulou 2011, 645). The internal hierarchy in the 
Neopalatial period between the three centers in the far part of Eastern Crete is not quite 
understood: no evidence has been found, however, to indicate control by one power over the 
others. Only Zakros is supposed to have been under Knossian rule, at least to some extent (L. 
Platon 2002; Tsipopoulou 2002, 143).  
 
The American School excavated the three small Neopalatial towns in the Mirabello Bay area 
already one hundred years ago: Gournia by Boyd Hawes (Boyd Hawes et al. 1908), Mochlos 
by Seager (1909; 1912) and Pseira also by Seager (1910). Gournia, flourishing in the 
Neopalatial period had a small ‘palace’ and paved streets: it was probably the seat of a 
Mirabello polity (Soles 1991; 2002, 123, 129). It is located on the north end of the Ierapetra 
isthmus by the east-west and north-south crossroads. It has been considered mainly an 
industrial town, due to the numerous bronze tools found (Boyd 1904; Boyd Hawes et al. 
1908). Recently the town has been re-investigated by Soles (1991; 2002), Fotou (1993) and 
the Gournia area by Watrous and Blitzer (e.g., 1999). At Sphoungaras on the shore, a massive 
two- or three-gallery shipshed dated to the Neopalatial period has been found (Watrous 2007, 
105) as well as pithos burials with finds from the Neopalatial period (Hall 1912). 
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Mochlos, located today on a small island, was connected to the coast by an isthmus during the 
Bronze Age (Soles 2009, 108-109). Due to its excellent harbor, a port of call on the main 
trade route to the Eastern Mediterranean, the town prospered already in the Early Minoan 
period, from which abundant gold ornaments have been recorded from the burials (Seager 
1909). A Greek-American team under the direction of Soles and Davaras has been excavating 
the site since 1989 and is presently publishing the final results from the excavations of four 
Bronze Age periods on the island in the Mochlos Publication Series, of which the first 
volumes are devoted to the LM IB remains on the coast (Soles 2003; Soles et al. 2004). I have 
collected the information on the Neopalatial town and metal finds on the island from the 
preliminary excavation reports in Hesperia (Soles and Davaras 1992, 1994, 1996) and some 
articles (Soles 2008a, 2009 and 2011; Brogan 1998, 2006b, 2008 and Brogan and Carter 
2001). During LM IA Mochlos was a small harbor town in a region dominated by Gournia 
(Soles 2009, 107), but in LM IB, “Mochlos was transformed from a sleepy harbor town to a 
major port and regional hub with both its farms and an artisans’ quarter,” (Soles 2009, 113). 
Soles argues that the transformation might have been caused by the arrival of refugees from 
Thera after the eruption (Soles 2009, 114 -115). In late LM IB the site was dramatically 
destroyed, probably by an unexpected and massive human attack, wiping out the settlement. 
Tremendous amounts of metal were left, and it looks as if nobody went back to pick up 
anything from the buildings (Brogan 2011, 643). 
 
Like Mochlos, Pseira, a small town on a promontory of a barren island in the Mirabello Bay 
has been re-investigated since 1994 by a Greek-American team led by Betancourt and 
Davaras. In its earliest period from the Final Neolithic, Pseira can be described as a rural 
village (Betancourt 1995, 163), but fundamental changes can be recognized between MM II 
and LM IB, visible in many aspects of the material culture, burial customs and architectural 
planning. At the end of MM IIB the town was completely destroyed by unknown causes, but a 
new larger town was built. During the LM I period increasing influence from Knossos is 
attested in pottery styles, stone vases, fresco painting and architecture (Betancourt 2004, 22, 
25; Warren 2002, 204-205). The motivation for this Knossian interest could have been trade, 
due to the safe harbor, or religious expansion (Betancourt 2004, 25, 27). At the end of LM IB 
the town was destroyed and abandoned like most other Cretan sites (Betancourt 1995, 163). 
The cause for this destruction was most probably warfare (Betancourt 2009 105; 2011, 642). 
 
In addition to the excavations of all the East Cretan centers, the diachronic development of the 
settlement pattern in rural areas has been investigated in several systematic survey projects, 
among them the Kavousi project in the Mirabello area (Gesell, Day and Coulson 1983; 
Gesell, Coulson and Day 1991; Haggis 1996, 2004). According to Soles the numerous small 
farms, country villas and town houses in Neopalatial East Crete are evidence of a middle class 
of free, land-owning people (Soles 2008b, 200).  
 
Metals 
The location of East Crete alongside the international trade routes from the Near East and 
the metal imported to the safe harbors might have been the main causes for the prosperity of 
the coastal towns during the Neopalatial period. The estimated total weight of the preserved 
published metal finds from Neopalatial East Crete in my database is ca. 440 kg., of which 
ca. 210 kg. in artefacts and ca. 230 kg. in copper ingots, which is a large amount compared 
to the scant ca. 30 kg. of metal that have been recorded from the two Mycenaean periods 
(Table 4.1).  
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I investigate the preserved metal record in Neopalatial East Crete through the following three 
aspects of the metal assemblage, which I regard important in studies of the role of metals in 
the society (see Ch. 3 for the method):  
i. The spatial distributions of the metal finds and the metallurgical refractory materials, and 

their estimated weight.  
ii.  The proportion between the estimated metal amounts used for manufacture of utilitarian, 

prestige and ritual objects, and between the estimated metal amounts in objects in 
circulation and those permanently deposited. 

iii. The location of the metal finds in the different phases of a hypothetical metal cycle, and 
rough estimations of the percentages of the total metal amount found in the different 
phases of the metal cycle. 

The results of the analyses are illustrated by diagrams (Figs. 5.1 – 5.5). On the basis of these 
analyses I constructed a regional metal profile for Neopalatial East Crete comprising the main 
features of the metal system in the region, and assessed the main characteristics and role of 
metals in Neopalatial society in East Crete. 
 

Spatial distributions of metal 
A total of 562 metal objects have been published from 25 sites in Neopalatial East Crete. Of 
this 95 % were found on six sites: five coastal settlements (Zakros, Palaikastro, Gournia, 
Mochlos and Pseira) and in the Psychro Cave. Evidence of bronzeworking has been found 
mainly at Zakros, Mochlos and Gournia. The spatial distributions of the finds and the 
estimated metal amounts are presented in Figs. 5.1 and 5.2. All harbors could in theory have 
imported metal, but we have the most convincing evidence from Zakros and Mochlos: six 
intact copper ingots from Zakros and one intact and one half ingot and numerous ingot 
fragments from Mochlos. 
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The most metal has been found at Zakros, ca. 260 kg., of which the weight of the objects is 
ca. 88 kg. and of the ingots, ca. 175 kg. It makes about 60 % of the estimated total metal 
amount found in the region. For his dissertation L. Platon investigated and published the 
majority of the finds (L. Platon 1988). The assemblage of metal objects from Zakros, in total 
164 items, is impressive: the majority are tools, including eight two-man large saws (L. Platon 
1988, 190-192), but also two ritually killed Type A swords (Kilian-Dirlmeier 1993, 18, nos. 
35-36) and 15 vessels of varying type (Matthäus 1980, 7) have been recorded. The two 
mirrors from the palace are rare settlement finds from the Neopalatial period (Papaefthimio-
Papanthimo 1979, 133, nos. 4-5). The main part of the finds were found in the palace: from 
the nearby Zakros town, excavated more than a hundred years ago, different tools comprised 
the majority of finds, of which some were found collected in caches (Hogarth 1900-1901, 
132, 134-135, Figs. 44, 46). The objects from Zakros were on the average larger than the 
finds from the other centers, which might indicate that abundant metal had been available: 
their estimated average weight is ca. 0.54 kg. The six intact oxhide ingots of Buchholz Type 
1, found in the ceremonial West Wing of the palace (N. Platon 1974, 80) make up the main 
part of the metal amount. As mentioned above, the generally accepted view has been that 
these ingots, like the LM IB ingots from Hagia Triadha, were made of copper from a still 
unknown Precambrian ore source (e.g., Muhly and Kassianidou 2012, 122), but Stos-Gale 
have surprisingly revealed recently that the copper in four of the ingots was consistent with 
ores from Cyprus, and only two of the ingots were made of copper from the unknown source 
(Stos-Gale 2011, 223-224, Tables 22.1, 22.2). This information strengthens the view that 
copper was imported to Crete from Cyprus already in LM IB (e.g., Muhly and Kassianidou 
2012, 123). The location of Zakros facing the main metal producers in the Eastern 
Mediterranean, the copper ingots, and the substantial assemblage of bronze work would imply 
the existence of a bronze workshop in the palace. It surely existed, but the published evidence 
is vague (L. Platon 1988, 180-182, 2002, 146; Evely 2000, 341): only some parts of sheet 
vessels have been found in the south wing of the palace, and crucibles, molds and tongs for 
lifting them have been found near the Harbor Road (Evely 2000, 339, Fig. 135, 365, nos. 3 
and 4). Platon assumed that the main part of the objects would have been produced on the site 
(L. Platon 1988, 180-181), but it is difficult to say whether the artisans making them were 
locals or immigrants from Knossos (L. Platon 2002, 146). N. Platon suggested that a kiln near 
the Harbor Road was used for metallurgical purposes (N. Platon 1980) but according to 
present scholars its large size would suggest a ceramic kiln (e.g., Evely 2000, 304, No. 9). 
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The preservation of so much metal at Zakros is due to the fact that the palace might have been 
fully functioning when it was suddenly destroyed, which is suggested by the metal tools 
found on the floors inside the houses, not hidden as in the other palaces (L. Platon and Brogan 
2011, 643) and to ‘the undisturbed LM IB “destruction level” of the Zakros palace’ (L. Platon 
2002, 146). It was probably never robbed: it was left untouched until N. Platon found it in the 
1960’s. 
 
Even though Palaikastro was a large, wealthy town during the Neopalatial period, only 77 
metal artefacts with an estimated total weight of ca. 22 kg. have been recorded (Fig. 5.1). 
Compared to Zakros the metal amount is small and the estimated average weight of the 
artefacts is only 0.29 kg. Prestige artefacts are few, only some daggers and vessels. Tools, 
particularly chisels and double-axes, dominate. The majority of the finds are from bronze 
collections in destruction levels. Evidence of bronzeworking is testified by a set of large 
crucibles dated to LM IA found out of their original use contexts, (Evely et al. 2012). 
Buchholz mentions two Neopalatial copper oxhide ingots in the Heraklion Museum, either 
from Mochlos or Palaikastro (1959a, 31, nos. 10 and 13), which are referred to by Evely with 
the comment ´confusion on find spots´ (2000, 344, No. 34-35). They were first published by 
Evans in 1935 (PM IV, 652, note 1) and the one from Mochlos by Pendlebury (1939, 212). 
Mangou and Ioannou report the chemical composition of one ingot from Palaikastro (2000, 
213). It is difficult to get an overview of the metal finds from Palaikastro; they are published 
only cursory in numerous, mainly old, excavation reports (e.g., Bosanquet 1901-1902; 
Dawkins 1902-1903, 1903-1904, 1904-1905, 1905-1906; Bosanquet and Dawkins 1923 and 
Sackett, Popham and Warren 1965), and no special metal study for the site has been published 
so far.  
 
In contrary the impressive metal finds from Neopalatial Mochlos are well documented. The 
assemblage comprises more than 400 items (Brogan 2008, 157) including several metal 
hoards with spectacular finds (Soles 2008a) and convincing evidence of metalworking in the 
final phase of LM I from the Artisans’ Quarter on the coast (Soles and Stos-Gale 2004). In 
addition more dispersed evidence has been found in the town on the island (Brogan 2008, 
162-167). The estimated total weight of the metal finds published so far from Mochlos is ca. 
107 kg., rather equally divided between raw material (one intact and one half copper ingot, ca. 
25 ingot fragments and scrap metal) and 107 finished objects32. More than half of the objects 
are tools, mainly knives, double-axes and chisels, but also include rare tool types as tongs for 
lifting crucibles (Soles 2008a, 147; Brogan 2008, 165), as many as 24 vessels and two unique 
objects: a bronze sistrum and a trident (Soles 2007; 2008a, 149, 153; 2011). The Mochlos 
trident, which is the first to actually survive in the Aegean, was placed to protect and hide the 
tin ingot. Elemental analyses of different parts of the sistrum show that the artisans 
differentiated their alloys: further, the skill and empirical knowledge of the artisans who 
produced the sistrum are incontestable and quite striking (Giumlia-Mair 2011, 142-144). 
Soles first argued that it most probably was imported (Soles 2007, 253), but said later that the 
artisans from Mochlos might have made it (Soles 2011, 140). On the basis of the information 
published so far, the estimated average weight of the artefacts is 0.45 kg. 
 
The metal finds from Mochlos belong mainly to 10 hoards, which differ in size, location 
and function. On the basis of their contents and presumed use of the finds, Soles has divided 
the hoards into four groups. Three may be described as Foundry hoards, which consist of 
                                                
32 So far only the Neopalatial finds from the Artisans´ Quarter on the coast have been fully published (Soles and 
Stos-Gale 2004). The other information of metal finds I have collected from excavation reports (Soles & Davaras 
1992, 1994, 1996; Seager 1909, 1912) and articles (Soles 2005, 2008a, 2009, 2011; Brogan 2006b, 2008). 
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broken tools and small pieces of copper ingots being stored for recycling. They indicate the 
importance of recycling in Minoan metallurgy. A fourth hoard, which contained raw copper 
including half of an oxhide ingot and numerous unbroken bronze objects including a 
sistrum, as well as a small, fifth, hoard containing ‘quite plain’ basins, found by Seager in 
1909, is described by Soles as Traders’ hoards, because the objects look as if they were 
being stored primarily for trade or exchange. Five other hoards may be described as 
ceremonial in nature, either foundation deposits that unlike all the other hoards were buried 
with no intent to be re-used ever, or ritual displays, found in the settlement’s ceremonial 
building, intended for conspicuous public display (Soles 2008a). Of these hoard types I 
would classify only the ceremonial hoards as permanent deposits; the others I regard as 
temporary deposits. The intact oxhide ingot was deposited in a ceremonial hoard and the 
half ingot together with the sistrum in a traders’ hoard (Soles 2008a, 148, 155).33 These 
finds testify to the supposed ritual connotations of copper ingots and the connection 
between cult and metals in the Bronze Age, attested mainly on Cyprus (e.g., Knapp 1986). 
The copper ingots found in hoards in the town in houses with no connections to 
bronzeworking might indicate that ingots formed household treasures that could be stored 
and exchanged like any currency (Soles 2008a, 147). The owners apparently did not work 
bronze themselves; they might, however, have been important players in metals, providing 
the artisans with imported metal and distributing their products (Soles 2003, 97). Brogan 
argues, however, that not all of the metal from Neopalatial Mochlos was in the hoards: 20 to 
30 % of it was found in use within the houses (Brogan 2011, 643). 
 
The evidence of bronzeworking from the Artisans’ Quarter at Mochlos comprises an 
exceptionally complete assemblage of metallurgical finds, which includes all types of raw 
material (e.g., numerous ingot fragments) collected in foundry hoards, as well as refractory 
materials, workshop tools such as crucibles and molds, and stone and pumice tools used as 
polishers (Soles and Stos-Gale 2004, 45-52; Soles et al. 2004, 22-23). Even small finds were 
analyzed and published in detail: the provenance of the copper, the alloy composition and the 
manufacturing techniques of the objects. Muhly argues that the report of the metal finds from 
Mochlos (Soles and Stos-Gale 2004) “puts the metallurgy of LM I Crete in a totally new 
context” because most ingots have a Cypriot origin (Muhly and Kassianidou 2012, 123). The 
probably autonomous artisans in the workshop were producing utilitarian objects, vessels and 
daggers outside palatial control for Mochlos and the Mirabello area market from metal 
imported to Mochlos, but some elaborate basins are likely to have a Knossian origin (Soles 
2008a, 154-155). 
 
Recent excavations have produced important, albeit scattered, evidence of metallurgical 
activities at Mochlos before the construction of the Artisans´ Quarter in LM IB: evidence of 
metal smelting (e.g., a bellow fragment and slag) and of manufacture of bronze objects (e.g., 
raw materials, crucibles, molds and tongs). The contexts for these finds cannot be identified 
as workshops, but contained large metal hoards (Brogan 2008, 166). Numerous weighing 
tools have also been found: a total of 29 lead weights (Brogan 2006, 265) and three pairs of 
balance pans. Their distribution indicates a widespread practice of weighing on the site. Metal 
was weighed in connection with trade and in the production and storage of metalwork. The 
small size of the Mochlos scale pans and weights fit well with the known amounts of copper 
and tin needed for the main part of the tools produced (Brogan 2006b, 286).  

                                                
33 The most unique find related to the import of metal was the tin ingot mentioned above. It was largely 
transformed into powdery, non-metallic tin and buried under a pithos in a storeroom (Soles 2007; 2008a, 153). 
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Gournia has always been characterized as an industrial town, despite its probably 
administrative role in the Mirabello area (Soles 1991; 2002, 123, 129). Harriet Boyd, who 
excavated the town and published the finds a hundred-odd years ago (Boyd 1904; Boyd 
Hawes et al. 1908), provided a picture of a town where metalworking played an important 
role, indicated by the 116 metal objects, mainly tools, and evidence of metalworking (Figs. 
5.1 and 5.2). In his recent re-investigation of Gournia, Watrous states the same, “In LM IB, 
the upper town of Gournia seems to have been a production center for metal objects,” 
(Watrous 2007, 105). The structure of the metal assemblage is reflected in its estimated total 
weight: only ca. 30 kg., corresponding to an average weight of ca. 0.26 kg. for the artefacts, 
which is much smaller than of the Mochlos finds. Almost half of the objects are tools, among 
them many chisels, double-axes, knives and medium-sized saws, but also numerous small 
daggers and razors. Only four vessels have been published. The metalwork was mainly found 
in bronze collections (Driessen and Macdonald 1997, 68, 214-215). The evidence for 
bronzeworking includes four ingot fragments (Betancourt et al. 1978), a stone crucible and 
five stone molds for tools (Boyd Hawes et al. 1908, 32; Evely 2000, 344). The metallurgical 
activities on the site do not seem to have been concentrated in one area, like in the Artisans’ 
Quarter at Mochlos, but dispersed around the town as in the earlier periods at Mochlos 
(Brogan 2008, 166): at Gournia three spaces with numerous metal finds where bronzeworking 
could have taken place have been identified (Evely 2000, 335, 338, Fig. 133, 336). The town 
was perhaps not completely self-sufficient in metalwork: tools of the types made by the 
Mochlos artisans seem to have been used at Gournia also (Soles 2002, 128). The majority of 
the metal finds from Gournia are stored in the Heraklion museum, but some are in the 
University of Pennsylvania Museum at Philadelphia. The latter have recently been analyzed 
by Giumlia-Mair (Giumlia-Mair et al. 2011), but the results are not yet published. The 
presumed shipshed on the nearby shore (Watrous and Blitzer 1999, 906) might indicate the 
existence of a port, perhaps suitable also for metal import, and some small Neopalatial bronze 
objects have been found in the burial jars on the shore (Hall 1912, 68-69).  
 
Only 12 Neopalatial metal artefacts, with an estimated total weight of ca. 2 kg., have been 
recorded from Pseira. My study material also contains seven metal finds with an unspecified 
dating. The majority of the finds are tools, but one dagger and one spearhead are recorded 
also. Like in Gournia, some of the finds are stored in the University of Pennsylvania Museum 
at Philadelphia (Betancourt 1983). Metal could have been imported to Pseira (Betancourt and 
Banou 1991, 108; Betancourt 2006) in the same way as for the other East Cretan harbors, but 
due to the close connections of the town with Knossos, it might have been intended primarily 
for Knossos, which probably controlled the harbor. The only published evidence of 
metalworking is a tong and a probable mold.34 Brogan mentioned a Neopalatial copper ingot 
from Pseira in passing (Brogan 2011, 645).  
 
The majority of the 57 Neopalatial metal finds from the Psychro Cave, published by 
Boardman in 1961, are small ritual items or other objects used as votives. They were probably 
brought to the sanctuary from all over the island. Their total weight is estimated to only ca. 2 
kg. Metal finds from villas and other rural sites are rare, only a few knives and axes are 
recorded, and no evidence of metalworking has been found.  
 
                                                
34 Betancourt and Davaras (1988, 240) published a stone mold from Pseira, which they dated to LM IIIA2-B. As 
all other Postpalatial molds from Crete are made of clay, and molds of stone seem to have been used only in the 
Proto- and Neopalatial periods, I believe that this mold might have been from the Minoan palatial periods as 
well. Hemingway (1999) has published five copper alloy objects with insecure dating from Seager´s excavation 
1906-07. They could be characterized as partially worked metal pieces, which would indicate metalworking. 
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Divisions of metal weight 
The second selected aspect of the metal assemblage in my method (Fig. 3.1), the balances 
between the metal amounts used for utilitarian, prestige and ritual objects, and the balance 
between the metal amounts found in circulation and those permanently deposited, are crucial 
consumption-oriented aspects, and thus follows Manning and Hulin (2005), who advocated 
the importance of consumption-oriented aspects in material studies. The proportions of the 
estimated weights of metal used for different object categories might mirror the priorities for 
metal use in the society and the attitudes towards metals, whereas the balance between the 
estimated metal amounts in circulation and those amounts permanently deposited could 
mirror cultural habits in the society, the amount of metal lost from circulation and perhaps 
deliberate strategies to restrict the availability of and access to metal in the society (see Ch. 
3.3).  
 
It could be suggested that in Neopalatial East Crete, where the non-palatial economy seems to 
have had a strong position and prestige and status were perhaps less important than in Central 
Crete, dominated by three palaces, the metal would mainly have been used for practical 
purposes, which is also testified by the calculated balance: ca. 60 % of the estimated metal 
amount in finished bronze objects were used for utilitarian objects (Fig. 5.3). The main 
reasons for this high proportion are the numerous double-axes found, weighing ca. one kilo 
each, and the huge saws from Zakros, which could weigh as much as 5 kg. each. The metal in 
prestige objects is found mainly in vessels at Mochlos and Zakros, and in weapons, in 
particular the small Neopalatial daggers. Due to the dearth of Neopalatial burials, one would 
suggest that the main part of the metal would have been in circulation, which is also testified 
by the balance: it makes up about ca. 90 % of the total amount (Fig. 5.4). Included in this 
figure is the metal found in ‘bronze collections’ in LM IB destruction levels, which I have 
classified as temporary hoards. Only the metal deposited in burials, foundation 
deposits/ceremonial hoards, and votives deposited in sanctuaries have been classified as 
permanently deposited. The metal balances in Figs. 5.3 and 5.4 include only the metal amount 
in artefacts, not in ingots and other raw material. 

  
Metal cycle  
A different and more dynamic way to view the preserved metal record than the traditionally 
used spatial distribution of metal finds can be seen by locating the metal finds (both objects 
and ingots) on the basis of their find context in the different phases of a hypothetical metal 
cycle for LBA Crete, calculating the estimated amount of metal found in each phase and 
roughly assessing its percentage of the estimated total metal amount recorded from the region. 
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In Neopalatial East Crete, a total of ca. 440 kg. of metal in various forms has been found (Fig. 
5.5). The cycle indicates that the intact Zakros ingots in palatial storage made up the largest 
proportion of the total metal, ca. 40%, and that bronze objects in circulation, mainly from 
Zakros, made up ca. 35%. As mentioned above, permanently deposited metal consists 
primarily of the intact ingot, from a ceremonial hoard at Mochlos (Soles 2008a, 155), and the 
temporarily deposited metal from ‘bronze collections’ is found in destruction levels at Zakros, 
Palaikastro, Gournia and Mochlos, including the half ingot (Georgiou 1979; Soles 2008a, 
148). We have a rich assemblage of metal finds from the Artisans’ Quarter workshop at 
Mochlos, but their estimated weight together makes up only ca. 3 % of the total metal 
amount. 
 

 
 

Metal profile 
The spatial distributions of the metal amount (Figs. 5.1, 5.2), the balances between the metal 
amounts in artefacts used for different purposes and between metal in circulation and 
permanently deposited (Figs. 5.3, 5.4) as well as the assumed distribution of the total metal 
amount in the main phases of a hypothetical metal cycle (Fig. 5.5) presented above reveal 
some general features of the metal system in Neopalatial East Crete, which I have 
summarized into the following regional metal profile:  
 

i. Abundance of metal seems to have been available, indicated by the six intact copper 
oxhide ingots stored at Zakros, the copper ingots and single tin ingot deposited in 
hoards at Mochlos and by the large proportion of heavy artefacts, which is testified by 
the rather high estimated average weight of the objects (Tables 4.2 and 4.3). 
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ii. Several good harbors near the main international trade routes, suitable for metal 
import, indicated by intact copper oxhide ingots from Zakros and Mochlos. The ingots 
found at Zakros, where the harbor was perhaps controlled by Knossos, might have been 
traded on an official level, but the ingots from Mochlos were probably acquired through 
a commercial trading network.  

iii. In addition to their use as raw material in bronzeworking, copper oxhide ingots 
probably had a ceremonial role, indicated by the storage of the Zakros ingots in the 
West Wing of the palace and the deposition of ingots at Mochlos.  

iv. The region might have been rather self-sufficient in manufacturing common bronze 
objects, such as tools, simple vessels and small daggers, which is attested by the 
evidence for several bronze workshops especially at Mochlos but also at Gournia and 
Zakros. Soles believe that the artisans from Mochlos could even have had the skills to 
manufacture more demanding objects like the sistrum from Mochlos (Soles 2011, 140). 
The concentration of so many large saws at Zakros, requiring a special technique (Wells 
1974), could be an indication that the Zakrian smiths mastered this technique. 

v. The most elaborate artefacts, such as some vessels from Mochlos, were probably 
imported from Knossos (Soles 2008a, 147), but at Zakros, a site perhaps controlled by 
the Knossian rulers, the artisans working in the palatial workshops could have been 
either locals or artisans from Knossos (L. Platon 2002, 145-146). 

vi. The metal finds are concentrated into the centers, a common feature of the Bronze Age 
Aegean. More than 80 % of the finds, representing 90 % of the estimated total metal 
amount, are found at Zakros, Palaikastro, Mochlos and Gournia. On the basis of the 
recorded finds, the main metal centers seem to have been Zakros and Mochlos, yielding 
intact copper ingots, evidence for bronze workshops and abundance of both utilitarian 
and prestige bronze objects.  

vii. The majority of the metal in finished objects was used for making utilitarian objects, 
which could indicate that recycling was common and widespread. 

viii. The amount of permanently deposited metal was small, due mainly to the scarcity of 
Neopalatial burials that have been found, but consequently the metal losses from 
circulation were probably also small. 

ix. Metal finds have been recorded from all phases of the hypothetical metal cycle, which 
indicates that the metal record may be more representative of the ancient situation than 
it would be if the finds had been concentrated to some few phases.  

 
Metals in society 
The metal system and the role of metals in the complex palatial societies on Minoan Crete are 
dependent on several unknown internal and external factors. Without textual information it is 
almost impossible to understand and interpret the archaeological evidence in social terms; we 
can only get some hints regarding the situation in the Bronze Age. After having analyzed the 
preserved metal record from Neopalatial East Crete with the method presented in Fig. 3.1, I 
shall summarize the assumed social aspects of the activities in the different phases of the 
hypothetical metal cycle and try to identify their possible causes and impacts on the society. 
Following this, I characterize the activities as political, economic or social as much as it is. By 
necessity the results must be regarded as preliminary hypotheses. 
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Metal import seems to have been the backbone of the prospering coastal sites in Neopalatial 
East Crete, a consequence of the view advocated by Betancourt, “A major part of the Cretan 
economy during the LM period consisted of bronze production based on imported copper and 
tin,” (Betancourt 2012, 132). East Crete with safe harbors near the major east-west trade 
routes was a region that to a great extent benefited from the metals trade. The palace of 
Zakros with a good harbor might have been constructed on the east coast facing the Near 
Eastern markets for the main purpose of serving and controlling the import of metals and 
other precious materials (e.g., Wiener 1991), and the coastal towns of Gournia, Mochlos and 
Pseira apparently prospered in the Neopalatial period, especially from the metal import. 
Traditionally scholars have viewed LBA trade as being run by the palatial organization and 
being financed by the palaces (e.g., Branigan 1982; Wiener 1987). The recent rich metal finds 
particularly from Mochlos have revealed the important role of the non-palatial sector in 
metals trade in Neopalatial East Crete. As mentioned above, S. Sherratt (2000, 83; see p. 75 
above). states that metal was probably traded on two levels: at a high official palatial level 
and as a direct, decentralized commercial trade, aimed at a sub-elite market. Neopalatial East 
Crete might have imported metal through both trading networks: to Zakros on the official 
palatial level and to Mochlos and the other towns outside palatial control through the 
commercial network. Obviously both the palatial and the private sector benefited from the 
metal import.  
 
The find contexts for the in total seven intact copper oxhide ingots, the numerous ingot 
fragments and the tin ingot from Mochlos indicate that the metal was not only used as raw 
material for bronzeworking; but also seems to have had a symbolic value (S. Sherratt 2000, 
83), indicated by the intact ingot from Mochlos found in a ceremonial hoard (Soles 2008a, 
155). Sufficient metal seems to have been available for both bronzeworking and ceremonial 
purposes, and the metal import can thus not be characterized as a purely economic 
transaction: it might have had social and perhaps political motives also, in both the palatial 
and the private sector.  
 
The role of bronzeworking and its impact on the society depends mainly on the raw material 
used, the finished products, the market and the organization of the production and status of 
the artisans. I regard the metallurgical techniques primarily as technical aspects that perhaps 
did not directly affect the society, and are therefore not discussed further in this study.35 The 
changes in the social and economic structure on Crete after the Prepalatial period inevitable 
affected the metallurgical practices: working in metal by itinerant or local smiths seems to 
have come to an end (Bassiakos and Tselios 2012, 156). Metalworking in the Late Bronze 
Age was practiced for the most part on a larger scale in permanent workshops in, or 
associated with, palaces and other centers. The organization of the production and the status 
of the smiths in the Aegean Bronze Age have been investigated mainly on the basis of the 
Linear B archives from Pylos (e.g., Smith 1992-1993; Gillis 1997a). Usually two types of 
artisans are distinguished in the Minoan palatial periods: the attached artisan who works full-
time for a special patron in large-scale operations, and the autonomous part-time specialist 
who produced for an unrestricted local market. The differences between them are the range 
and quality of the goods and the market (Soles 2003, 96). Soles puts the individuals in the 
Artisans’ Quarter at Mochlos between these extremes and describes them as independent, 
                                                
35 For an overview of the metallurgical techniques used on Minoan Crete see Evely, 2000; for LBA Crete, see 
Northover and Evely 1995, and Baboula and Northover 1999; and for EBA Crete, see Tselios 2008a. For the 
technological evolution of copper alloys and their metalworking properties of interest for the end-users, see 
Papadimitriou 2001 and 2008, and for the manufacture of metallurgical ceramics, see Oberweiler 2005, 
Oberweiler et al. 2008; Hein and Kilikoglou 2008, 2011, and Evely et al. 2012. 
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nucleated, kin-based, full-time specialists (Soles 2003, 97). The scattered metallurgical 
equipment from the houses in the Mochlos town has been interpreted as evidence of 
metalworking before the construction of the Artisans’ Quarter in LM IB (Brogan 2008, 166-
167). The south workshop area at Zakros is a good example of operations with attached 
artisans, and Gournia and Palaikastro have yielded evidence of part-time metalworking 
specialists. The ingot fragments and foundry hoards found at Mochlos (Soles 2008a, 146-147) 
indicate that both ingots and scrap metal were used as raw material. 
 
Due to the apparently important role of the private sector in the metal system in the coastal 
towns in Neopalatial East Crete and the vague evidence of metalworking in the palace at 
Zakros, I argue that the volume of the production of metalwork in the private sector might 
have been even larger than in the palatial sector. I would characterize the assumed 
metalworking by full-time attached smiths at Zakros as a political, economic activity, because 
the production could have supported both the economic development of the society and the 
political contacts and status of the rulers. On the other hand I would characterize the 
production by autonomous, independent smiths in the coastal towns as a purely economic, 
sometimes perhaps even social, activity.  
 
How the imported metal was used, either for practical purposes (as for tools) or for prestige 
objects to support the status and power of the elite, was probably decided by the owner of the 
metal, who could have been the palatial rulers or metal merchants. The choice might have 
depended on objective factors such as (in modern terms) market demand, the availability of 
raw material, in particular tin metal, and technical skills. But also social factors such as the 
priorities for metal use depended on the attitudes towards metals in the society, and could 
have affected the choice. The workshops were probably specialized in accordance with these 
factors: they could roughly be divided in two categories, workshops producing utilitarian 
objects, perhaps almost mainly from recycled metal, and workshops producing prestige 
objects requiring special techniques and tin metal. In Neopalatial East Crete the main part of 
the metal seems to have been used for utilitarian objects, (Fig. 5.3), clearly a large regional 
market.  
 
Bronze tools were valuable items, even indispensable in many industries and crafts and 
necessary in households, but I would not characterize them as prestige objects: on LBA Crete, 
bronze tools were commonly used. The prestige bronze work from Neopalatial East Crete 
consisted mainly of vessels, found at Zakros and Mochlos in particular. That metal was used 
also for ritual and ceremonial purposes, such as the two ornamented cult axes from Zakros (Ν. 
Platon 1974, 127) reveals the importance of religion in the society, as do the numerous bronze 
offerings in the Psychro Cave (Boardman 1961) and the display of a complete copper oxhide 
ingot in a pillar crypt at Mochlos (Soles 2008a 155). These examples can perhaps illustrate 
the assumed mythical connection between metals and cult. 
 
The spatial distribution of bronze objects (Fig. 5.1) gives some indications of the use and 
circulation of bronze objects in the region. As can be assumed the use of metal seems to have 
been concentrated to the centers, sites that are also the focus of archaeological activities, 
however, perhaps skewing the distribution results. Noteworthy are the rich metal finds in the 
coastal towns, which might indicate the important role of the non-palatial sector in the metal 
system. In her study on the circulation of metal at Akrotiri, Michailidou argues that all the 
inhabitants were customers of the coppersmith, either for tools or vessels used in the 
household, or for professional purposes (Michailidou 2001a, 90-91). The quantities of metal 
found even in large houses were small, however (Michailidou 2001a, 97; 2007, 188-197). The 
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situation could have been rather similar in the Neopalatial East Cretan towns. Bronzeworking 
seems to have been a rather local activity: the distribution of metalwork is concentrated to 
centers with evidence of bronze workshops (Fig. 5.2). Urban workshops most likely provided 
the nearby countryside with needed tools also. The output from the Artisans’ Quarter was 
distributed to the whole Mirabello area (Soles 2003, 97), probably on a commercial basis. The 
farmers at Chalinomouri would have used their crops and herds to barter for bronze tools 
(Soles 2003, 130). The scarcity of rural metal finds might be explained by the fact that only 
some few Minoan farmhouses have been excavated, and that heavy tools like double-axes 
have a long lifespan. My study material contains many finds, particularly tools, with an 
unspecified LM dating from some 20 rural sites in East Crete: most probably, they are 
Neopalatial. 
 
The practice of deliberate deposition of metals, either permanently in burials, sanctuaries and 
foundation hoards, or temporarily for storage or salvage, seems to have been common in the 
Bronze Age. The types of deposits and the volume of deposited metal probably had crucial 
impacts on the regional metal systems. In the Mycenaean LBA the majority of the deposited 
metal were burial gifts, but on Neopalatial Crete, where the burial practice remains an open 
question, they are rare. Instead the main part of the preserved bronze objects from Crete are 
from ‘bronze collections’ that were unintentionally preserved in LM IB destruction levels. 
The metal was either deliberately hidden or in storage, for later retrieval. These collections of 
bronze indicate an accumulation of considerable wealth in the private sector (Driessen and 
Macdonald 1997, 67). In this study I have classified them as temporary hoards. In Neopalatial 
East Crete such hoards have been found at Mochlos, Zakros, Palaikastro and Gournia (e.g., 
Georgiou 1979; Driessen and Macdonald 1997, 67-69; Soles 2008a). I have classified the 
foundation deposits and ceremonial hoards at Mochlos (Soles 2008a, 151-155) as permanent 
hoards in the same way as burial gifts and votives deposited in sanctuaries.  
 
Deliberate depositions of metal can be aimed at hiding and storing accumulated metals: these 
depositions on Crete were either preserved unintentionally or made as a purely economic 
activity. On the other hand I would characterize the permanent deposition of metal in burials 
such as votives and in foundation deposits and ceremonial hoards as social and cultural 
activities, governed by current practices in the society.  
 
Recycled damaged and worn out artefacts and metallurgical spill constitute an important, 
cheap, local supplement to imported copper and tin as raw material in the bronze industry. 
Considering that the main part of the metal was used for utilitarian objects (Fig. 5.3), it might 
indicate that the proportion of recycled metal made up a significant part, perhaps even the 
majority, of the total metal supply. Recycling on Neopalatial East Crete is attested by the 
foundry hoards found at Mochlos (Soles 2008a, 146-147). Recycled metal was probably used 
whenever it was technically possible. On Minoan Crete the use of scrap metal became 
profitable already during LM I-II, long before the mainland and Cyprus, and its use should 
not be seen as a sign of metal shortage, but rather, of an expanding metal industry (Knapp et 
al. 1988, 257). In my opinion recycling has to be considered as a sign of an effectively 
organized bronze industry, and an economic activity. 
 
On the basis of analyses of the preserved metal assemblage and recently published views of 
the politico-economic situation in the region, my conclusions about the role of metals in the 
Neopalatial Minoan East Cretan society are that metal might have been the prime mover for 
the economy and the prosperity of the society in the region. Although there might also have 
been political aspects in the metal import, particularly at Zakros, I see the metal system in 
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Neopalatial East Crete as a series of mainly economic, activities, considering also the 
established cultural and social practices. 
 

5.3  CENTRAL CRETE 

 

 
       Map 5.2 Minoan Central Crete 
Society 
The wealth in Neopalatial Central Crete seems to have been of a different order than in East 
Crete. With the three “old” palaces Knossos, Malia and Phaistos with their monumental 
architecture and elaborate material finds, with important secondary centers such as Tylissos, 
Archanes and Galatas in the north and Hagia Triadha in the south, and with the two main 
gateway communities on Crete, Poros-Katsambas on the north coast and Kommos on the 
south coast, Central Crete was the culturally, economically and perhaps also politically 
dominant region on the island during the whole Neopalatial period. The main center was 
Knossos, confirmed by analyses of the distribution of elite features of conspicuous 
consumption such as building size, architectural elaboration, ceremonial features, 
administration, and production management (e.g., Adams 2004b; 2006). In contrast to East 
Crete, all large centers, except Malia, were located inland, with associated harbors in nearby 
coastal towns. 
 
Knossos is the oldest, largest and most important site on Crete. Together with its surrounding 
cemeteries, it has dominated Minoan archaeology for more than 100 years. Knossian 
architectural, ceremonial features and elaborate objects, including metalwork, most probably 
made in the Knossian workshops, have been found all over the island. The aspects of its 
history and relations to the other centers have been thoroughly researched and discussed with 
varying results (e.g. Wiener 2007), but many questions are still debated or remain 
unanswered. 
 
The greater part of the preserved movable material finds from Neopalatial Central Crete was 
found in LM IB destruction levels in the buildings surrounding the palaces; of the cemeteries 
in the region, only some few tombs around Knossos and at Poros were used in the Minoan era 
-- most of them are from the Mycenaean periods. On the basis of the assumed decline of the 
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Protopalatial palaces at Malia and Phaistos in the Neopalatial period, it can be suggested that 
Knossos, which flourished in this period, had effectively taken the lead, and at least during 
LM IA had control of the entire Central Cretan area (Driessen 2001a, 63). According to 
Warren the territory of the Knossos State in the early Neopalatial period can better be 
understand as a number of zones of different character: the natural zone is north Central 
Crete; the political territory included all of Central Crete; economic control, or at least 
contacts, were extended to some coastal stations in East Crete, and ideologically and 
culturally the Knossian influence in LM IA and LM IB extended to the Cycladic islands, the 
Greek mainland and the Nile Delta (Warren 2004, 167). 
 
During the Neopalatial period the palace of Malia was smaller and less elaborate than 
Knossos: the greater part of the walls was built of rubble and mud-brick (Adams 2004b, 205). 
Throughout its long life Malia always had a conservative and rural character (Pelon et al. 
1992, 175). The heyday of the palace was in the Protopalatial period, from which remains of a 
substantial bronze workshop in Quartier Mu have been found (Poursat 1996; Poursat and 
Loubet 2005; Poursat and Oberweiler 2011). Contrary to Knossos, where no Neopalatial 
workshops have been identified within the palace itself, workshops for luxury goods seem to 
have existed at Malia in this period (Adams 2004b, 200, 206), as well as a possible bronze 
workshop (Pelon 1987). The relationship between Malia and Knossos in the Neopalatial 
period is far from clear. Regarding Knossian supremacy, it is said that “… the palatial elite at 
Knossos was more successful in mobilizing resources from land and overseas, and that 
surplus wealth created the opportunity for more complex hierarchies to develop,” (Adams 
2007, 415). On the other hand, Poursat has criticized the view that Malia became a vassal of 
Knossos in the Neopalatial period, but admits that the absence of maritime activity might 
indicate such a relation: despite the fact that Malia was a coastal site, it was probably not a 
major port, at least not in the Neopalatial period (Van Effenterre 1980, 77; cf. Adams 2006, 
23; Poursat 1988, 80-81; Hue and Pelon 1991). 
 
Recent systematic surveys and rescue excavations in the area of Pediada, to the east of 
Knossos, have revealed the emergence and decline of local elite groups. The area was a 
densely inhabited, prosperous region during the Protopalatial period, probably controlled by 
two centers: a settlement near Kastelli and the dynamic community Galatas, where a small 
palace was erected in the early Neopalatial period, probably initiated by Knossos 
(Rethemiotakis 2002, 55-57). The most remarkable aspect of the Galatas palace, with 
extensive use of ashlar and gypsum and a finely paved central court, is its short-lived 
existence (Adams 2006, 23): it fell out of full use and was deserted and destroyed already in 
LM IA, probably due to a serious crisis of some sort. In the next period when the rest of Crete 
prospered, Galatas and Pediada remained in the twilight zone (Rethemiotakis 2002, 63-66). 
Wiener (2007, 232-233) includes the extension of Knossian control in the Pediada Region in 
the Neopalatial period among his arguments for Crete being unified under the rule of Knossos 
in the Neopalatial period. A ‘metal-related’ argument for an assumed crisis has been provided 
by the reassessment of the contents of the ‘sacred cave’ at Arkalochori, near Galatas 
(Rethemiotakis 1999a), which according to him in reality is ‘…a single, large shipment of 
sacred metal, which was on the way of recycling, from sanctuaries’ deposits to the foundries, 
when sudden and unforeseen events led to its hiding in a remote, small cave, in order to be 
protected from looting. “Hiding a treasure of such size and value must be seen as a symptom 
of a serious crisis which burst upon Pediada.” (Rethemiotakis 2002, 64-65).  
 
On the coast to the west of Malia, remains of three Neopalatial sites have been excavated: 
Poros-Katsambas, Amnisos and Nirou Chani, all with good harbors that could have imported 
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metal. The most important is Poros-Katsambas, which was first identified by Evans as the 
main port, the ‘harbor town’, of Knossos, and a flourishing manufacturing and artistic center 
as well (Dimopoulou 2012, 135). Evans’ view has been confirmed by later excavations, and 
most recently by rescue excavations conducted by Dimopoulou since 1986. Among the 
findings is convincing evidence of metalworking during the entire Bronze Age and seven 
large Neopalatial rock-cut tombs (Dimopoulou 1997, 1999b, 2012; Dimopoulou-
Rethemiotaki 2004; Dimopoulou-Rethemiotaki et al. 2007; Doonan et al. 2007). Amnisos is a 
candidate for a second port for Knossos (Schäfer 1991; Diessen and Macdonald 1997, 27). At 
Nirou Chani, S. Marinatos identified in 1926 remains of a possible Bronze Age Minoan 
shipshed, of the same type as has been found at Kommos (Shaw and Shaw 1999, 370).  
 
The inland sites Tylissos and Archanes were undoubtedly major Neopalatial centers in North 
Central Crete. Tylissos, with a history going back to the Early Minoan period, was situated on 
the main road between Central and West Crete and had a peak sanctuary that stayed in use 
until Neopalatial times (Driessen and Macdonald 1997, 128). Only three major buildings, 
dated to MM III, were excavated by Hazzidakis (1921, 1934). Among the finds is one of the 
largest metal collections from the Aegean Bronze Age, containing four huge caldrons of 
copper and three intact copper oxhide ingots (Hazzidakis 1934). The site was destroyed in the 
LM I catastrophe, but was reoccupied in LM III (Driessen and Macdonald 1997, 27). 
Archanes is situated ten kilometers south of the Knossian Palace in the shadow of Juktas, the 
most important peak sanctuary on Minoan Crete. It might have had close connections with 
and been a dependent of Knossos. Evans suggested that the settlement was the ‘summer 
palace’ for the Knossian ruler (Evans 1928a, 64). Driessen and Macdonald argue that it is not 
impossible that when the Knossian Palace was being rebuilt after the destruction in LM IB, 
Archanes was the site of both economic and ‘royal’ functions in lieu of Knossos, at least at 
some stages, but it is difficult to believe that it was a rival power to Knossos (Driessen and 
Macdonald 1997, 171). Sakellarakis and Sapouna-Sakellaraki have excavated the site since 
1966, and has three parts, a probable palatial center, Tourkoyeitonia located under the modern 
town of Archanes, the nearby cemetery Phourni and the Anemospilia shrine (Sakellarakis and 
Sapouna-Sakellaraki 1991; 1997). Like on most of the Neopalatial Cretan sites, LM IB burials 
are missing from Phourni, which was in use for over thousand years: from the EM II period 
around 2400 BC to LM IIIC at about 1200 BC. The tombs of varying types contain a wealth 
of funerary offerings, which provide information on contacts between Archanes and the 
Cyclades, Egypt and the East. Among the finds are for instance numerous metal vessels from 
the Mycenaean periods (Sakellarakis and Sapouna-Sakellaraki 1991, 66-133; 1997, 588-594). 
The excavations at Archanes have not been fully published as yet, but the main findings and 
the material finds, including the elaborate bronze objects, are presented in Archanes: Minoan 
Crete in a New Light, Vol. I and II (Sakellarakis and Sapouna-Sakellaraki 1997). 
 
The politico-economic interrelationships between the three large Minoan centers in the 
western Mesara -- the so-called Great Minoan Triangle consisting of Phaistos, Hagia Triadha 
and Kommos,36 have been debated for more than 20 years (for example, by Betancourt 1985; 
La Rosa 1985; and Shaw 2002, 108-109; 2006b, 79-81). The problem of the relationships 
between Phaistos and Hagia Triadha, in close proximity to each other, was understood already 
by the first excavators, who were concerned with the possibly subordinate role of Hagia 
                                                
36 Phaistos and Hagia Triadha were excavated by the Italian School at the beginning of the 20th century and are 
recently re-investigated; The harbor-town Kommos, first referred to by Evans (PM. Vol II, part I, 88-92), has 
been excavated by the University of Toronto since 1976 under the direction of J.W. Shaw and M.C. Shaw. For a 
summary of the project, see Shaw, J.W.:  Kommos: A Minoan Town and Greek Sanctuary in Southern Crete, 
2006b. 
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Triadha to Phaistos, as proposed by Halbherr in 1903 (La Rosa 1985, 45). The findings from 
the recent excavations of Kommos, published in the Kommos Series (e.g., J.W. Shaw and 
M.C. Shaw eds. 1995, 2006 and M.C. Shaw and J.W. Shaw eds. 2012), have cast new light on 
the Bronze Age situation of the area. The relationships seem to have changed with time: in the 
Protopalatial period, Phaistos, the most impressively placed Minoan site (Driessen and 
Macdonald 1997, 195) was clearly the power center in the area with its monumental 
architecture and the perhaps most valuable find of Minoan archaeology, the archive of 7,500 
clay sealings (La Rosa 1985, 47, 1992b, 234). But in the Neopalatial period there is little 
evidence to support the idea of Phaistos as the political and economic center of the western 
Mesara: the new palace was not built until the start of the LM IB period, and the absence of 
finds of value for LM IB use in the destruction layers is remarkable. When excavated, the 
palace was almost empty, which, however might be connected with looting or salvage (La 
Rosa 1985, 48, 1992b, 235; Driessen and Macdonald 1997, 196). Because of its size and 
luxury finds, Hagia Triadha has been identified either as a palace, a grand villa or a summer 
residence for the ruler at Phaistos (Watrous 1984, 123). It has been generally assumed that it 
was the most thriving settlement and the political center in the western Mesara during the 
Neopalatial period. The Villa Reale with frescoes and spectacular finds including 19 intact 
copper oxhide ingots was constructed in LM IA early and destructed by fire at the end of LM 
IB (Shaw 2002, 108-109). The rich finds can be explained by the fact that the Villa, like 
Zakros, was never looted: after its destruction a new building was constructed above it (La 
Rosa 1985, 49). The administrative role of the site is attested by the largest Linear A archive 
so far found on Crete (Schoep 2002, 23-27). Two ovens for lime or pottery have been found, 
but the lack of further industrial installations and workshops indicates that Hagia Triadha 
should be classified as a consumer rather than a producer (Schoep 2002, 29). Kommos, 
located nearby, is suggested to have been the harbor for the whole western Mesara area, and 
probably also for Knossos. A survey of the Western Mesara plain shows that no new sites 
seem to have been established in the Neopalatial period, but most of the sites from the 
Protopalatial period, when the settlement in the Western Mesara reached its greatest density, 
seem to have continued to be inhabited. The settlement pattern is a three-tiered hierarchy, 
with medium-sized and small settlements in the rural areas (Watrous and Blitzer eds. 1993, 
225-227). 
 

Metals  
The dominant role of Central Crete in the Neopalatial period is also indicated by the amount 
of metal found, which is strikingly large for a non-metalliferous region: this important aspect 
has often been neglected. The estimated total weight of the preserved metal from Neopalatial 
Central Crete is ca. 1060 kg., with the weight of the 23 intact copper oxhide ingots and six 
bun ingots equaling about two thirds of this (Table 4.1). The assemblage includes the largest 
collections of bronze objects from the Mediterranean Bronze Age, as mentioned above, the 
massive cauldrons from Tylissos and the deposit of weapons, cult axes and bun ingots from 
the Arkalochori Cave (Knapp et al. 1988, 251). Muhly has recently argued that the 
outstanding feature of the metallurgy in the LM period is the great increase of metal in use, 
not only in terms of the number of known artefacts, but also in the far more massive, 
substantial nature of these artefacts (Muhly and Kassianidou 2012, 121). The estimated 
average weight of the Neopalatial bronze objects in my database for all of Crete is ca. 0.51 
kg., as compared with the finds from East Crete at 0.38 kg. and those from Central Crete as 
much as 0.67 kg. (Table 4.3). Some reasons for why so much metal was accumulated in 
Neopalatial Central Crete might have been that the Minoans had established contacts with 
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metal-producers in the Eastern Mediterranean already in earlier periods and been actively 
involved in long-distance trade, resulting in a prospering, probably well-organized, bronze 
industry with skillful smiths; that elaborate craft products and agriculture surplus were 
available as a medium of exchange for metals; that the required infrastructure needed for 
metal import was in place, including safe harbors located near the main trade routes; and that 
there was an administration capable of organizing and controlling such complex enterprises. 
That so much of the accumulated metal has been preserved until modern times is probably 
explained, however, by its being covered in the LM IB destruction levels, which saved it from 
being taken, stolen or otherwise removed.  
 

Spatial distributions of metal 
The spatial distribution of the metal is different than on East Crete: on the sites where most 
metal has been found, Hagia Triadha, Tylissos, Knossos, Malia and Arkalochori (Fig. 5.6), 
only Malia has evidence for metalworking (Fig. 5.7).37 The Minoan bronzes exported to the 
Mainland, the Cycladic islands or used in gift giving and gift exchange with foreign elites are 
not considered in the figures,38 nor are the prestige objects with an assumed Knossian origin 
found in Cretan centers outside the region, like Zakros and Mochlos (e.g., L. Platon 2002, 
146; 2004; Soles 2008a, 154). 
 
The metal assemblage recorded from Neopalatial Central Crete in my database includes 520 
bronze objects from 17 sites and as many as 23 intact copper oxide ingots from three sites: 19 
ingots from Hagia Triadha, three ingots from Tylissos and one from Poros-Katsambas, as well 
as six intact bun ingots: five from the Arkalochori Cave and one from Nirou Chani (Fig. 5.7). 
The weight of the objects I have estimated to ca. 350 kg. and of the ingots, to ca. 710 kg., 
which make together ca. 1060 kg. (Table 4.1).The structure of the metal record differs from 
the record in East Crete: the sites yielding most metal in objects are Tylissos, Hagia Triadha, 
Knossos and Malia, as well as the Arkalochori Cave, representing together ca. 90 % of the 
total of 350 kg. (Fig. 5.6.). Compared to East Crete, where Zakros yielded most metal, the 
largest metal amounts were not found in the palaces, but in two large ‘villas’, Hagia Triadha 
(total ca. 614 kg.) and Tylissos (total ca. 180 kg.), whereas at Zakros, both intact oxhide 
ingots and heavy bronze objects were found. Hagia Triadha resembles Zakros also in that it 
was probably never robbed and not only much metal but also large Linear A archives have 
been found (Schoep, 1999b, 205, Table 1).  

                                                
37 In his article on a new perspective on the Villa Reale at Hagia Triadha, on the basis of the copper ingots and 
the abundance of bronze found in the villa as well as on information from the Linear A tablets HT 97 and HT 
119, Watrous advocated already in 1984 that “… an official living at Ayia Triada would have supervised 
distribution and the process of metalworking.. The melting of the raw metals may have taken place at the 
outskirts of the settlement where industrial kilns for other purposes were also located,” (Watrous 1984, 130). As 
far as I know, no scholar has later referred to or discussed this hypothesis. 
38 As far as I know the export of bronze objects from BA Crete has never been thoroughly investigated. 
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The 94 bronze objects from Knossos with an estimated total weight of ca. 62 kg. (Fig. 5.6) 
and an average weight for the finds of 0.66 kg. were found mainly found in bronze collections 
in the LM IB destruction levels in the buildings surrounding the palace (e.g., Georgiou, 1979): 
the palace itself contained almost no bronze. Some metal finds dated to the Neopalatial period 
are published from the Isopata (Evans 1914, 4, Figs. 5-8) and Kephala tombs (Hutchinson, 
1956b, 78, nos. 6-16). Tools are the most common finds, but the 22 vessels represent ca. 43 % 
of the total estimated metal quantity. The only weapons found are four daggers. It is likely 
that bronze workshops existed in all palaces, but the archaeological evidence from Knossos is 
meagre: only some isolated finds such as an ingot fragment and a few crucibles are recorded, 
as well as a crucible fragment from a tomb at Gypsades (Hood et al. 1958-59, 253, no. 23). A 
generally accepted view, however, is that the most elaborate Minoan bronzes on the island, 
such as the swords from Malia and Zakros and the decorated basins from Mochlos, were 
produced at Knossos (Soles 2008a, 154): see the discussions concerning a hypothetical 
weapon workshop at Knossos in the Final Palatial period on p. 92.  
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The assemblage of 107 metal objects from Malia, weighing ca.49 kg., differs from the 
Knossian finds by type and find context. The finds are smaller than the Knossian ones: their 
estimated average weight is 0.47 kg. compared to 0.66 kg. for the finds from Knossos. At 
both palaces the finds from bronze collections dominate, but at Malia they have been found in 
the palace itself also, not only in surrounding buildings. More weapons are found than at 
Knossos, among them two magnificent Type A swords (Kilian-Dirlmeier, 1993, 18, nos. 32, 
33), and of the 14 vessels, 11 were found in a large collection at Grammatikakis outside the 
palace, (Matthäus 1980, 11). Like at Zakros, two mirrors were found in the palace 
(Papaefthimio-Papanthimo 1979, 133, nos. 2-3), which are rare finds in Neopalatial 
settlement contexts. In the Protopalatial period metalworking was practiced on a large scale at 
Malia in Quartier Mu (Poursat 1996; Poursat and Loubet 2005; Porsat and Oberweiler 2011). 
The production might have continued in the palace during the Neopalatial period, where a 
deposit of 14 stone molds with traces of fire and repairs was found in the NW part of the 
palace (Evely 2000, 356, nos. 5-8, 358, nos. 13-14, nos. 19-21, 360, nos. 22-25, 28) as well as 
a burnt spot with ash and slag nearby (Pelon 1987). Further good evidence for bronzeworking 
comprising both ingots and refractory materials has been found at the two major harbor towns 
that most probably imported the main part of the metal to the region: Poros-Katsambas 
(Dimopoulou 2012) and Kommos (Blitzer 1995). At the former the finds included the only 
intact copper oxhide ingot found in workshop context.  
 
The total metal amount found at Neopalatial Hagia Triadha is estimated to more than 600 kg., 
which includes 84 bronze objects as well as 19 intact copper oxhide ingots hidden in a 
basement. The metal amount from the site represents almost 60 % of the total amount from 
the region (Table 4.2). The average weight of the artefacts from Hagia Triadha is ca. 0.77 kg., 
which indicates that abundant metal might have been available. Furthermore the 20 objects 
found with an unspecified LM dating, mainly heavy tools, are probably Neopalatial. The 
reasons for so much metal being preserved might be that the site took over the functions of 
the palace at Phaistos in the Neopalatial period (e.g., Schoep 2002, 28), and that it was never 
looted after the destruction in LM IB (La Rosa 1985, 48-49; 1992a, 70). The oxhide ingots, 
found by Paribeni in 1903 (Halbherr, Stefani and Banti 1980, 123-124) have remained 
enigmatic. Lead isotope analyses have indicated Precambrian ores as their origin, perhaps 
from Anatolia but so far not identified (Gale and Stos-Gale 1986; Stos-Gale 2011, 222, 225). 
The same isotope fingerprint has been found for two ingots from Zakros and the Tylissos 
ingots (Stos-Gale 2011, 224, Table 22.2), and recently also for some finds from MM II Malia 
(Poursat and Loubet 2005, 119; Muhly and Kassianidou 2012, 122). The use of the Hagia 
Triadha ingots has therefore remained enigmatic. That both copper ingots and abundant 
bronze objects have been found at Hagia Triadha would suggest the existence of a bronze 
workshop (Watrous 1984, 129-130, 133), indicated also in the Linear A archives (Schoep 
1999b, 212). No archaeological evidence of metalworking has so far been found, however.39 
Surprisingly much metal is also recorded from Tylissos (Hazzidakis 1921, 54, 56), in total ca. 
180 kg., including three intact oxhide ingots and four huge cauldrons. It indicates 
metalworking on the site but the only evidence is a crude recipient with copper slag 
(Hazzidakis 1934, 97). So far only a small part of the site has been excavated, however 
(Driessen and Macdonald 1997, 129). Situated on the main route leading to West Crete, 
Tylissos could have been engaged in trade activities (Adams 2006, 28), including perhaps the 
trade and distribution of metals. From Archanes almost no metal finds are recorded from the 
Neopalatial period. 
                                                
39 La Rosa has raised the question whether the ingots were perhaps kept at Phaistos before the hypothetical sack 
(La Rosa 1985,49), which I see as a reasonable possibility. 
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The Neopalatial palace at Phaistos40 is known for an almost total lack of valuable finds, a fact 
that might have been connected to looting or salvage (e.g., La Rosa 1985, 48), or they could 
perhaps have been transferred to Hagia Triadha, when the site overtook the role as an 
administrative center for the area, as has been suggested. Only 35 bronze objects with an 
estimated total weight of ca. 12 kg. are stored in my database from Neopalatial Phaistos. They 
are mainly tools, including a collection of nine double-axes. Among the objects with an 
unspecified LM dating are three vessels, which might be of Knossian origin. Three open and 
one two-piece stone molds, probably Neopalatial, have also been published (Evely 2000, 358, 
nos. 11, 12, 15; 360, no. 27).41 
 
Knossos could have imported metal to all the ports it probably controlled: Poros-Katsambas, 
Nirou Chani and Amnisos on the North coast, Kommos in the south, and perhaps also to 
Zakros and Pseira in East Crete (L. Platon 2002, 145, 2004; Betancourt 2004, 25, 27). Poros-
Katsambas and Kommos were probably most important. Rescue excavations conducted by 
Dimopoulou since 1986 at Poros-Katsambas have revealed an extensive and wealthy urban 
center with richly equipped, two-storied ashlars buildings, prospering in the Neopalatial 
period. Convincing evidence of metalworking has been found, i.a. the previously mentioned, 
intact oxhide ingot, the only one found in workshop context on Crete (Dimopoulou 1997, 
2012). The finds have so far not been fully published and are therefore not included in my 
study material. The direct access to imported metal and the export trade system are arguments 
favoring partial autonomy of the smiths vis-à-vis palatial bureaucratic control (Dimopoulou 
2012, 140; Gillis 1997). The products and organization of the workshops have been compared 
with the smaller Artisans’ Quarter at Mochlos (Soles 2003, 98-99). Multi-burial, rock-cut, 
chamber tombs reveal the wealth of the town of Poros-Katsambas: the tombs are rare 
evidence of Neopalatial burial practices. The absence of intact bronze vessels, weapons and 
implements in the tombs indicates systematic looting for metal already in ancient times: only 
fragments of the metal objects remain. The tombs are anyhow unique and confirm the old 
Minoan habit of depositing weapons in burials (Muhly P. 1992; Dimopoulou 1994, 1999a, 
1999b). 
 
Convincing evidence of Neopalatial metalworking has also been found in the civic center in 
the harbor town of Kommos: numerous fragments of pedestaled crucibles, metal bars intended 
for metalworking, slag and a larnax for quenching (Blitzer 1995, 500-520), but very few 
finished bronze objects. The part of these bronze objects that were found in House X (mainly 
small items) have recently been re-investigated and published with more data in the volume 
House X at Kommos: A Minoan Mansion near the Sea. Part 1. Architecture, Stratigraphy, 
and Selected Finds. (Shaw, M.C. and J.W. Shaw eds. 2012, 75-77).42 Kommos has been 
considered one of the most important gateway communities and emporia during the entire 
Bronze Age (e.g., Knapp and Cherry 1994, 138-141; Shaw 2004; Rutter 1999). The numerous 
copper ingots at Hagia Triadha and the ingot fragments from Kommos indicate its role as a 
harbor for importing metal in both Minoan and Mycenaean times.  

                                                
40 According to Cretan mythology the name Phaistos is connected with Hephaistus, the god of metalworking. 
During the Early Minoan period the palace is supposed to have been the center for metalworking in southern 
Crete (Psilakis 1996, 398). 
41 From the Protopalatial period there is evidence for sophisticated lost-wax casting (Evely 2000, 366, Fig. 
145.7). Pernier called the remains of a kiln on the East Court of the palace a metallurgical kiln (Pernier and Banti 
1951, 215), but the present view is that it was used to fire pithoi (Evely 2000, 301, no. 4). 
42 Because Blitzer published these finds already in 1995, they had been included in the database: the now 
published new data for them have been added.  
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The small Arkalochori Cave near the palace of Galatas with a unique metal collection 
comprising swords, knives, cult axes and five bun ingots was found and excavated by 
Hazzidakis a hundred years ago (Hazzidakis 1912-1913). The cave had already been robbed 
and a considerable part of the collection had been re-melted or sold (Marinatos 1935a; 1935b) 
Driessen and Macdonald 1997, 193). The finds from Arkalochori have been on display in the 
Heraklion museum, but the assemblage has been neither properly investigated nor fully 
published. I estimated the total weight of the published finds to ca. 80 kg., almost equally 
divided between artefacts and ingots. Arkalochori is an enigmatic site whose function has 
been debated: it has been regarded as a sacred cave (Marinatos 1935b), a bronze workshop 
(Marinatos 1962) and recently, a hiding place for metal collected from sanctuaries on the way 
to recycling (Rethemiotakis 1999a; 2002, 64-65).  
 

Divisions of metal weight  
The concentration of the bronze objects in palaces and first-order centers might indicate that 
the proportion of the estimated metal weight used for prestige objects was larger in Central 
than in East Crete (Fig. 5.3), which is attested by the calculated balance (Fig. 5.8); almost 
twice the amount of metal seems to have been used for prestige objects over utilitarian ones. 
Regarding the former, the metal amount used for the more than 50 vessels, among them the 
huge cauldrons from Tylissos, is decisive. Other heavy metal objects found are the half-
finished swords from Arkalochori and the large cult axes from Nirou Chani. Despite the fact 
that the priority for metal use seems to have been for prestige artefacts, the abundance of 
metal available seems to have been sufficient also to make the ca. 200 tools, among them 
heavy items such as ca.50 axes and adzes, huge saws and hammers. 

 
 
As in Neopalatial East Crete (Fig. 5.4) the balance between the estimated metal amounts for 
objects in circulation and those permanently deposited in Central Crete (Fig. 5.9) shows that 
the amount of permanently deposited metal was small. I have classified the Arkalochori finds 
as permanently deposited, but if we accept Rethemiotakis’ new hypothesis (1999a, 2002, 64-
65) that the cave was a hiding place for metal on the way to recycling, it should be regarded 
as being in circulation. The greatest part of the metal in circulation was found in LM IB 
destruction levels in the palaces and at Hagia Triadha. 
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Metal cycle  
The distribution of the estimated total metal amount in the different phases of the hypothetical 
metal cycle for Neopalatial Central Crete (Fig. 5.10) differs from the corresponding 
distribution in Neopalatial East Crete (Fig. 5.5): for example, the percentage of metal found in 
use in settlements (ca. 4%) is insignificant compared to East Crete where 35 % of the finds 
seem to have been in use, with Zakros as the biggest user. Instead, the largest part of the metal 
is from temporary deposits in destruction levels at Knossos, Malia, Hagia Triadha and 
Tylissos, together ca. 30 % of the total metal amount, compared to only 13 % from East 
Crete. The permanent deposits include some burial gifts and votives: the collection of 
artefacts and ingots from Arkalochori43 and the finds from Juktas and other sanctuaries (Jones 
1999, 78). The metal collections published by the earlier excavators were not classified in as 
great detail as Soles did for the Mochlos hoards (Soles 2008a), I have therefore classified 
them all as temporary deposits. The 19 ingots from Hagia Triadha have been placed in the 
palatial storage phase, the ingot from Poros-Katsambas in a workshop context (Dimopoulou 
2012, 137), and the three ingots from Tylissos and the bun ingot from Nirou Chani I have 
classified as temporary deposits. The ingot fragments, scrap metal and metallurgical waste 
from Poros-Katsambas and Kommos are located in workshops.  
 
As in Neopalatial East Crete, metal finds from Neopalatial Central Crete have been recorded 
from all phases of the metal cycle, a fact that combined with the large amount of metal found 
makes the analyses of the hypothetical metal cycle more reliable than if metal had been found 
in only some few phases of the cycle. 
 
 

 
                                                
43 If Rethemiotakis´ hypothesis (p.108 above and Rethemiotakis, 1999a; 2002, 64-65) proves to be correct, the 
metal should be entered as a temporary deposit. 
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Metal profile 
For Neopalatial Central Crete the main features of the metal system revealed by the spatial 
distributions of the metal amount (Figs. 5.6, 5.7), the balances between the amounts of metal 
in objects used for different purposes and between metal in circulation and that permanently 
deposited (Figs. 5.8, 5.9) as well as by the assessment of the distribution of the total metal 
amount in the different phases of the hypothetical metal cycle (Fig. 5.10) are summarized 
below in the regional metal profile:  

 
i. Metal seems to have been even more abundant than in East Crete: more than twice as 

much metal has been published from Central Crete than from the East. The affluence of 
metal depends mainly on the fact that ca. 700 kg. of copper in ingot form has been found. 

ii. The Hagia Triadha ingots44 have remained enigmatic: the provenance of the copper is still 
unknown and as no bronze objects with the same lead isotope fingerprint has been found 
on LBA Crete, their use as raw material has been questioned.45 I do not believe, however, 
that there was no need to use these ingots as raw material, because sufficient copper for 
the bronze industry was imported from the Aegean, as recently has been advocated by 
Stos-Gale (2011, 228); but storage of the ingots for possible future uses might have been 
in line with a suggested palatial metal strategy (see Ch. 8).  

iii. Despite the fact that they have not been preserved, I believe that copper ingots most 
probably were stored at Knossos also, like at Hagia Triadha and Zakros. The Mycenaean 
invaders could have found the ingots later, recorded them on the Linear B tablets in the Oa 
series (Chadwick 1976, 142) and used the copper: for instance, for sword production in 
the hypothetical Knossian weapon workshop (See Ch. 6.) 

iv. Knossos could have controlled the main harbors and the metal import on the north coast, 
at Poros-Katsambas (Dimopoulou 2012) and Amnisos (Schäfer 1991), with the exception 
of Malia, and also the harbor at Kommos. This is not certain, however. The many 
Knossian features at Zakros (e.g., L. Platon 2004) and Pseira (Betancourt 2004) indicate 
that these harbors could also have been under the control of Knossos (e.g., Wiener 2007).  

v. The best evidence for a palatial bronze workshop is the deposit of stone molds from 
Malia, dated to MM III (Evely 2000, 356, 358, 360). Four open stone molds from the 
same period have also been found from Phaistos. The most elaborate weapons and vessels 
from Neopalatial East and Central Crete are assumed to have had a Knossian origin (e.g., 
Soles 2008a, 154-155), but no evidence for a palatial workshop has so far been found.  

vi. Poros-Katsambas and Kommos, probably the main ports in the region, have yielded the 
best evidence for bronzeworking: At Poros the artisans are likely to have been at least 
partially autonomous in regard to the palatial, bureaucratic centralization (Dimopoulou 
2012, 140), and perhaps imported metal for their own use through the commercial trade 
network. These artisans manufactured utilitarian objects for an open market, using both 
ingot copper and recycled scrap metal as raw material. They or other artisans may have 
also worked for the palace 

vii. The preservation of so much metal in the bronze collections from LM IB destruction levels 
is an accident and a unique phenomenon in Aegean archaeology. In this study I have 

                                                
44  Also the Tylissos ingots, but the discussion has mainly been focused on the Hagia Triadha ingots. 
45 Recently, however, some metal finds with the same lead isotope fingerprint have been published from the 
Protopalatial Quartier Mu at Malia (Poursat and Lourbet 2005, 119; Muhly and Kassianidou 2012, 122-123). 



NEOPALATIAL PERIOD 
 

 83 

classified all the collections from Neopalatial Central Crete as temporary hoards because 
the majority of them were surely intended to be retrieved later.  

viii. The main part of the metal was used for the manufacture of prestige artefacts. The 
Neopalatial vessels in particular are heavy. The monumental building projects and the 
flourishing craft industry indicate, however, that sufficient metal must have been available 
for tool production as well. 

ix. The find contexts for the metal finds indicate that almost all preserved metal can be 
classified as ‘in circulation’, an indication that sufficiently worn-out and damaged objects 
would have been available for recycling. 

 

Metals in society  
On the basis of the monumental architecture and concentration of luxury objects of imported 
raw materials, including bronzes, and even finished products, the Neopalatial society in 
Central Crete was apparently even wealthier than that in East Crete: this might reflect 
different social relationships, including political organizations (see, e.g., Driessen and Schoep, 
1995, 651-652). A significant difference might be based on the fact that there were three 
palaces in the region as well as several other wealthy centers with connections to them. 
Despite much similarity in the structure of the record, the role of metals might, therefore, have 
been different. As for East Crete I summarize in the following the assumed social aspects of 
the different activities in the hypothetical metal cycle on the basis of the regional metal 
profile, and the recent views of the politico-economic structure on Neopalatial Central Crete, 
and generally characterize the activities as political, economic or social.  
 
It is uncertain still whether Knossos, the main cultural, economic and perhaps political center 
on Neopalatial Crete, controlled the import of metal totally, to a great extent, or not at all. The 
most important harbors, Poros on the north coast and Kommos in the south, have yielded 
complete copper oxhide ingots46 and substantial evidence of bronzeworking (Dimopoulou, 
2012, 136-137, 140; Blitzer, 1995, 500-509). In contrast to East Crete intact bun ingots have 
been found at Arkalochori and Nirou Chani. We do not know whether both types of ingots 
arrived on the same vessels, as is attested for the Uluburun ship (Yalkin et al. 2005, 20). This 
is indicated at Mochlos, however, where ingot fragments from both oxhide and bun ingots 
have a composition compatible with a Cypriot origin (Soles and Stos-Gale, 2004, Tables 1 
and 2).  
 
The metal imported to harbors controlled by Knossos probably arrived as gifts in the gift-
exchange system, on ships trading on a high official level, and even perhaps on a lower, 
decentralized, commercial level destined for autonomous smiths in harbor towns such as 
Poros.47 Metal import on the official, high level I would characterize as a political economic 
activity, because only the Minoan palaces could have developed the good relations to other 
elites and major players in metals trade needed for acquisition of such large amounts of 
                                                
46 The ingots from Hagia Triadha were probably imported to Kommos. 
47 Carol Bell argues that the distinction between the trade run between the palaces and the merchants might not 
have been so sharp, on the basis of archives found in the houses of wealthy merchants at Ugarit involved in 
metals trade (Bell 2012, 185). Quoting Liverani, (2003, 124) she argues that royal traders could have mixed both 
state and private transactions as well as executing these on both a ceremonial and a practical, profit-motivated 
basis. Sherratt and Sherratt referred to this process of transformation of the economy from palace to merchants as 
privatization (2001). 
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copper like for example the Hagia Triadha ingots. The metal volume imported on the 
commercial level was probably smaller: this trade I would characterize as a purely economic 
activity. 
 
Metals had both an economic and a symbolic value in the Bronze Age, which is revealed by 
the find contexts for the copper ingots. I believe that the most probably primary cause for 
importing metal to LBA Crete was its economic value and use as raw material in the bronze 
industry. From Central Crete the evidence for the symbolic use of copper is not as convincing 
as the deposited intact and half ingots at Mochlos (Soles 2008a), but some ingot fragments 
were deposited in the Idaean cave (Jones 1999, 81). The abundant copper preserved as bulk 
metal in the form of ingots indicates that in any case sufficient copper seems to have been 
available for both economic and symbolic use on Neopalatial Central Crete.  
 
The bronze workshops and artisans working in them have traditionally been roughly divided 
in two groups: 
i) palatial workshops, where attached ‘master smiths’ with access to imported tin produced 
mainly prestige items on behalf of the rulers; tin might have been restricted to special 
workshops (Baboula and Northover 1999, 151); and  
ii), independent or semi-independent workshops where artisans mainly produced utilitarian 
objects outside palatial control for an open market, perhaps using recycled metal as raw 
material. It can be assumed that bronze workshops existed in all palaces, but the 
archaeological evidence is vague; at Knossos it is lacking but at Malia and Phaistos stone 
molds have been found. The prestige objects found in the bronze collections in the destruction 
levels could perhaps have been heirlooms from the Protopalatial period, for example at Malia, 
they could have been made in the metal workshops from Quartier Mu (Poursat 1996; Muhly 
and Kassianidou 2012, 120-121).  
 
The best evidence of bronzeworking from Neopalatial Central Crete has been found at Poros-
Katsambas and Kommos. At Poros, where metalworking activities have been attested since 
Early Minoan times, they reached their peak in the Neopalatial period. As mentioned above, 
some scholars are in favor of autonomous workshops as opposed to or in addition to palatial, 
bureaucratic, centralized metalworking (Dimopoulou 2012, 140). We do not know how the 
work was organized, but the model for the Artisans’ Quarter at Mochlos presented by Soles 
(2003 96-99) can probably by applied for Poros also. At Kommos bronzeworking has been 
attested in the civic center (Blitzer, 1995; M.C. Shaw and J.W. Shaw 2012, 75-77). One 
would assume that the output from these workshops may have had a rather local market, but 
Dimopoulou argues that during the Neopalatial period, when metalworking at Poros-
Katsambas reached its heyday, the finished products would have been circulated not only on 
the local market and to the other Cretan centers, but through overseas trade as well 
(Dimopoulou 2012, 138). Considering the assumed existence of three palatial workshops, and 
that the larger proportion of the estimated total weight of metal in objects was used for 
prestige objects (Fig. 5.8), I argue that the volume of the palatial bronze industry might have 
been larger than in the private sector, despite the lack of archaeological evidence for 
workshops, and thus correspondingly that the role of the non-palatial bronze industry not was 
as important as in East Crete. I would characterize the production of prestige objects by 
attached smiths in the palaces, particularly for an elite or aimed for extra-regional export and 
gift-exchange, as a mainly politico-economic activity, and bronzeworking in the private sector 
as an economic activity, in some cases perhaps even a socio-economic, activity.  
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Metal use, or the purposes the valuable imported metal was used for, were as in East Crete, 
dependent on market demand and the availability of raw materials, in particular tin metal, and 
of technical skills. The choices might have reflected the prevailing attitudes towards metals in 
the society: the priorities for metal use. The main dividing line might have been between 
production of utilitarian and prestige goods. I believe that the metal use in palatial workshops 
was governed by the elite’s desire to accumulate wealth and status in the form of luxury 
bronze objects and by the need for tools in the monumental construction projects, which 
seems to have been an important area in which social power was played out (Schoep 2010, 
66). That the main part of the estimated amount of metal seems to have been used for prestige 
objects (Fig. 5.8), in contrast to East Crete (Fig. 5.3), might indicate that the position of the 
elite in the society was strong. On the other side, the monumental building projects and the 
prospering craft industries, which were crucially dependent on effective tools, might indicate 
that sufficient metal was available for tool making, also. In my opinion the Minoan rulers 
seem to have been successful in balancing the metal use in an optimal way between the 
benefits for the whole economy and the strengthening of the personal status and prestige of an 
elite. 
 
I would characterize the distribution and circulation of Minoan prestige metalwork as 
politico-economic activities, aimed at strengthening the power and status of the elite, whereas 
I would characterize the distribution of utilitarian objects from independent autonomous 
workshops locally or through overseas trade as purely economic transactions. 
 
A striking feature of the metal record from Neopalatial Central Crete is the small proportion 
of permanently deposited metal (Fig. 5.9), which is almost unique in LBA Aegean. This is 
due in part, as already mentioned, to the extremely small number of Neopalatial graves that 
have been found and excavated to date. The main part of the metal from Mycenaean 
Peloponnese has been found in burials (Kayafa 1999), as also the case on Mycenaean Crete. 
This might indicate that the social emphasis in the Minoan period was on the living, not on 
the deceased. The Poros tombs, which have yielded fragments of ca. 40 metal finds (Muhly, 
P. 1992; Dimopoulou 1999a, 1999b) are exceptions that suggest that the habit of depositing 
weapons in burials was common already in the Neopalatial period. Deposition of metalwork 
in burials in general has been regarded as a means for increasing the status of the deceased 
and his kin, which I would classify as a socio-cultural activity, but it might also have been a 
strategic means to restrict access to and availability of metal, and to maintain its value 
(Needham 2001, 277). The Minoan strategy seems to have been the opposite: to minimize the 
losses from the metal cycle and keep the metal in circulation, or to let ´metals make the world 
go round´ (Pearce 2000, 108; Pare ed. 2000). By accident the metal was deposited in the LM 
IB destruction levels, which became ‘a graveyard for metals’, eventually explored by the 
Mycenaeans and plundered/used or preserved for archaeologists until modern times.  
 
Abundant damaged, broken and otherwise useless metalwork that could be recycled might 
have been available on Neopalatial Central Crete, due to the large amount of metal in 
circulation. The use of scrap metal in the bronze industry became desirable and profitable on 
Crete already in LM I (Knapp et al. 1988, 257). As in East Crete the proportion of recycled 
metal of the total metal supply might therefore have been significant; I argue that the 
expensive imported metal was probably always replaced by cheaper recycled metal whenever 
technically possible. A strategic impact of recycling metal is that it allows a better control 
over the stock of metal in circulation, even though it cannot increase the cumulative quantity 
of metal available (Needham 1998, 304). I regard recycling mainly as an economic activity.  
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On the basis of the preserved metal record, I regard the role of metal in the Minoan 
Neopalatial Central Crete, as in East Crete, as the prime mover for the economy and the 
prosperity of the society. In contrast to Neopalatial East Crete I would add the aspect of a 
strong political interest on the part of the ruling elite for the development of the metal import 
and the bronze industry, due to the supposed dominants role of the palatial sector. 
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CHAPTER 6. FINAL PALATIAL PERIOD  
 

6.1 INTRODUCTION 
 
After the collapse of the Minoan civilisation and the destruction of most of the settlements in 
LM IB, the only remaining center is assumed to have been the palace of Knossos. Probably in 
LM II, most likely the Mycenaeans invaded the island from the west and proceeding to 
Knossos from where they ruled a gradually expanding territory as a Monopalatial Knossos 
State, called today The Kingdom of Knossos, which covered most of the island at the time of 
the Linear B tablets (Driessen 2001b, 96). The size of the Knossos palace may have remained 
rather similar to its Neopalatial predecessor, but the size of its satellites dropped considerably 
(Driessen and Frankel 2012, 75). Because it has been difficult to recognize the Knossos State 
in the field, its territory and administrative structure have been interpreted mainly on the basis 
of the toponyms in the Linear B documents (e.g., Bennet 1990). Most archaeologists now 
agree on the nature and extent of the Kingdom of Knossos´ economic and political control of 
the island, extending from Chania in the west to Malia in the east and Phaistos in the south 
(Chadwick 1976, 48-60; Bennet 1987, Fig. 1; cf. Soles. 2008b, 3). At the Conference 
Economy and Politics in the Mycenaean Palace States at Cambridge in 1999, Driessen, 
however, questioned the large territorial extent of the Knossos kingdom suggested by Bennet, 
and argued that it was limited to the coastal areas, plains and valleys, and that “… the 
evidence may suggest that the Knossos kingdom took the form of ‘islands of influence’ in a 
sea of uncontrolled hinterland,” (Driessen 2001b, 111-112). He summarized his argument by 
saying that the Knossos tablets allow us to conclude that the Knossos kingdom never 
attempted to become a real territorial and bureaucratic state. His view is supported by S. 
Sherratt, who analyzed the Mycenaen palaces with a non-traditional approach (S. Sherratt 
2001), and argued that the toponyms of the Knossos tablets sketch out what looks like a 
curiously shaped territory, particularly well suited to cover the main maritime entry points of 
western and central Crete, and that “… with Mycenaean Knossos we are not talking about a 
territorial state as such.... but about supervision, and some degree of military protection of 
specifically coherent segments of longer-distance route networks,” (S. Sherratt 2001, 231-
232). She argues that it might have been the geographical position of Crete in relation to the 
main trading routes, its role as a principal funnel for Aegean materials and goods bound for 
the east, and the main reception point for luxuries and other goods passing into the Aegean 
from the East, which lured the Mycenaean to Crete in the first place (S. Sherratt 2001, 227).  
 
The controversy over the dating of when the Mycenaean invaded Crete seems to have been 
resolved by Andreadaki-Vlazakis´s recent excavation of warrior burials of the same type as at 
Knossos, dated to LM II and LM IIIA at Chania (Whitley 2005, 117; cf. Soles, 2008b, 3). 
Mycenaean influence on the island is attested in culturally significant changes in the centers, 
mainly in the burial practices: chamber tombs of mainland types, single burials in contrast to 
multiple interments common in Minoan practice, and ostentatious burial gifts like bronze 
weapons and vessels. Traditional Minoan habits appear to have remained in rural areas long 
after the Mycenaean take-over, for instance in the Mesara region (D’Agata 2005, 109-110).  
 
The overall control of the island by Knossos may not have lasted for very long; in LM IIIA1 
the political situation seems to have changed and former secondary centers recovered and 
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regained a certain importance and independence. Ostentatious burials with rich grave gifts 
have been attested also outside the Knossos area as well, of which the LM III burials at 
Archanes-Phourni are the most conspicuous examples (Sakellarakis and Sapouna-Sakellarakis 
1997, 158-194; Hatzaki and Keswani 2012, 311). By the end of LM IIIA1, settlements had 
recovered dramatically;48 the island was now relatively populous (Haskell 1997, 188). 
Evidence from the Western Mesara survey suggests, however, that many settlements were not 
occupied during this period (Watrous and Blitzer eds. 1993, 228). 
 
East Crete was long considered a devastated region in the Final Palatial period, but recent 
excavations have revealed that the Neopalatial sites seem to have been re-settled gradually in 
LM II, for instance Mochlos (Soles 2008b) and Palaikastro (e.g,. Evely et al. 2012, 1821). 
However, the usual signs of the arrival of the Mycenaeans such as warrior graves and Linear 
B script have not been found (Macgillivray 1997, 279). The published Final Palatial metal 
finds from the region are too few for a separate analysis, and Mycenaean Final and 
Postpalatial East Crete are discussed as an entity in Chapter 7.2. Under the Mycenaean rulers 
the importance of western Crete increased and Chania developed into an important center 
with close contacts to the mainland. The recorded bronze objects from the region, in total 41, 
include some weapons, vessels, mirrors and razors from cemeteries at Chania and Pigi, which 
indicate a wealthy society on the North coast and provide evidence of the arrival of the 
Mycenaeans from the west. The still unpublished finds from the warrior graves at Chania 
(Whitley 2005, 117; Andreadaki-Vlasaki 2005) support this hypothesis. But the majority of 
the metal finds from the region are the humble objects from the Armenoi cemetery, although 
larger metal finds have been found. According to a recent article by Tzedakis and Martlew 
(2007), the people who were buried at Armenoi were most probably Minoans. As is the case 
for East Crete, the Mycenaean Final and Postpalatial periods for West Crete are discussed as 
an entity in Chapter 7.4. 
 
6.2 CENTRAL CRETE 

 
           Map 6.1 Minoan Central Crete 
Society 

The nature and extent of the politico-economic situation in the Final Palatial period, 
particularly the territory and role of the Knossos State, have been debated during the past 
decades mainly on the basis of the Linear B archives and mortuary practices (e.g,. Bennet 

                                                
48 In his doctoral thesis An Early Destruction in the Mycenaen Palace at Knossos, 1990, p. 127, Driessen cites at 
least a dozen LM II sites and about 100 LM IIIA1 sites (Haskell 1997, 188, note. 6).  
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1985, 1990; Driessen 2001b; Driessen and Schoep 1999; Merousis 2002; Preston 2004a; S. 
Sherratt 2001; Driessen and Frankel 2012), and contradictory hypotheses have been 
presented. In Bennet’s opinion Crete was organized into a series of provinces with a clear 
hierarchy, whereas Driessen has suggested that the Knossian satellites acted more as ‘local 
extraction nodes’ (Driessen and Frankel 2012, 76). The best archaeological evidence for the 
domination of Knossos in LM II are the ostentatious new types of tombs concentrated in the 
area of Knossos, containing rich assemblages of weapons and elaborate bronze vessels. The 
personal weaponry in male burials indicates that warfare had become a central source of 
political power in contrast to Minoan Crete (Driessen and Schoep 1999, 392). In LM IIIA1 
the wider occurrence of such burials indicates some changes in the political geography 
(Preston 2004b, 138-140). Recently evidence has been found for a Knossian presence in the 
area of Viannos at the south coast in LM II-IIIA1, a presence which gradually faded away in 
LM IIIA2 (Banou and Rethemiotakis 1997). 
 

Metals 
The change of the political economy after the Mycenaean conquest seems to have been 
reflected in the availability of and access to metal. Concerning the metal system in 
Mycenaean Crete, many unresolved questions remain, in particular regarding the metal 
supply: the available evidence is contradictory, and scholarly views vary. The rich finds of 
weapons from the Knossian tombs might probably have been brought from the Mainland by 
the Mycenaean warriors, or imported, but I believe that at least some of them were most 
probably made on Crete. That would indicate a good availability of imported copper and tin, 
but the only ingots found from the Mycenaean era are one half and one quarter of an ingot of 
Buchholz type 2, dated to LM IIIC, from a ceremonial context at Hagia Triadha (Cucuzza et 
al. 2004), six ingot fragments dated to LM IIIA2-IIIB at Kommos (Blitzer 1995, 201. nos. 
M1-M6; J.W. Shaw 2006, 726, nos. 59-61) and three ingot fragments from Chania dated to 
LM IIIA1-IIIB (Stos-Gale et al. 2000, 207, Table 1.2, nos. 4, 5, 8). So far no ingot dated to 
the Final Palatial period has been found: the numerous metal finds from the LM II bronze 
workshop in the Unexplored Mansion at Knossos did not contain a single ingot fragment 
(Catling and Catling 1984). At Poros-Katsambas metalworking continued in the Mycenaean 
era, but the raw material seems mainly to have been recycled metal (Dimopoulou 2012, 139). 
That no ingots have been found from the Final Palatial period does not mean that they did not 
exist, of course. 
 
In his report on Mycenaean Mochlos, Soles suggested that the flourishing metal trade from 
the Levant to Knossos via Mochlos continued in the Mycenaean period (Soles 2008b, 4). It 
seems possible that in LM II the leader of the Mochlos colony came from Knossos to insure 
that an important harbor continued to function on the overseas trading route, and that the 
copper that was shipped on that route was secure (Soles 2008b, 203). S. Sherratt is sceptical 
concerning the involvement of the Mycenaean palaces in international metals trade. She 
regards them “… as client-based warrior societies...with limited international contacts by 
comparison with the palaces of Crete and the Near East,” (S. Sherratt 2001, 238). Among the 
reasons for this view she mentions the apparent failure of the Mycenaen Greek language to 
distinguish between copper and alloyed bronze: “... if the palaces above all were particularly 
concerned with the regular (not to say monopolistic) acquisition, storage, allocation and 
exchange of substantial quantities of unalloyed copper and tin…one might expect them to 
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have made this distinction,” (S. Sherratt 2001, 218-219).49 The assumption of an abundance 
of available metal is not based on attested metal import, but on the fact that 60 copper oxhide 
ingots were recorded being stored at Knossos on a damaged Linear B tablet in the Oa series 
(Chadwick 1976, 142). In my opinion these ingots might have been one of the Mycenaean 
rulers’ ‘copper sources’: they could have found Neopalatial copper oxhide ingots that most 
probably were hidden at Knossos, like at Hagia Triadha and Zakros, found, and recorded on 
the Linear B tablets. The metal could have been used for the weapon production in the 
presumed Knossian weapon workshop, for instance. 
 
The change of the administration at Knossos was perhaps reflected in the metal system also: 
in the priorities for metal use, in the manufacturing technique as well as in the types, form and 
size of the bronze objects and their distributions (Hakulin 2004, 8-18, Figs. 8-9, 11-12, 7-41 
and Ch. 4 in this study). In my database 505 artefacts, with an estimated average weight of 
0.28 kg., are recorded from Final Palatial Central Crete. Their estimated total weight is ca. 
140 kg. The obvious drop in average weight from 0.66 kg. in the Neopalatial period is due 
mainly to the fact that the 119 tools recorded are not heavy tools -- like the axes, adzes and 
saws found in the previous period -- but mainly tiny items like knives, drills and awls, and 
about half of the 141 weapons are arrowheads. The vessels from the Mycenaean Final Palatial 
period were in general smaller than the Neopalatial ones. The tin-coated ceramic vessels 
found in the Knossian tombs (e.g., Gillis 1991, table 1; Preston 2004a, 332, Table 2) testify, 
however, to the availability of tin metal. 
 
Spatial distribution of metal finds 
The most striking difference between the Minoan Neopalatial period and the Mycenaean Final 
Palatial period is that the main part of the metal objects was deposited in burials: these burials 
were mainly in the Knossos area, but buried weapons, vessels, razors and mirrors have also 
been found in the Kalyvia cemetery (associated with Phaistos), at the Phourni cemetery 
(associated with Archanes) and at Katsambas, where Alexiou in the 1950’s excavated seven 
chamber tombs, containing some small metal finds (Alexiou 1967) (Fig. 6.1). The settlement 
finds are mainly damaged objects from the LM II bronze workshop in the Unexplored 
Mansion at Knossos.  
 
At Knossos, where 70 % of the published metal amount from Final Palatial Central Crete has 
been found, 308 bronze objects have been published from ca. 60 tombs in the nine cemeteries 
surrounding the palace. The so-called warrior graves could contain several weapon types, 
sometimes the whole armament for a Mycenaean warrior, but normally only one sword in 
each tomb (see, for instance, Kilian-Dirlmeier 1985). The most common weapon seems to 
have been the spear: daggers or short swords are rare. Most weapons have been found in the 
Zapher Papoura tombs, in the tombs at Hagios Ioannis and in the tombs in the New Hospital 
cemetery, where a bronze helmet was also found in Tomb V (Hood and de Jong 1952, 256). 
The vessels were concentrated to a few burials with bronzes, in particular in the Zapher 
Papoura Tomb 14, the Tomb of the Tripod Hearth (Evans 1906a, 34-42, Fig. 33), in the 
Sellopoulo tombs (Catling and Catling 1974), and in Tholos A at Archanes-Fourni 
(Sakellarakis and Sakellarakis 1997, 168, 191-192, 588 – 594).  
 
                                                
49 In contrast, one scholar claims that inscriptions on Linear A tablets show that the scribes used the words for 
the various copper alloys with great precision: different words were used for ordinary copper, arsenical copper, 
low tin bronze and high tin bronze (La Marle 2008, 188-189). This does not seem to be generally accepted, 
however. 
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Convincing evidence for a LM II bronze workshop was found in the Unexplored Mansion at 
Knossos, analyzed in an exemplarily way and published by Catling and Catling in 1984. 
Approximately 350 metal pieces of different types were found distributed over a large area 
(Evely 2000, 337-338, Fig. 134) including recognizable complete or fragmentary artefacts, 
scrap metal and metallurgical waste. Of these, 117 pieces can be classified as finished objects 
and the rest as raw material such as scrap metal, waste and spill (Catling and Jones 1977, 57). 
The refractory material from the workshop included 28 fragments of clay crucibles, one mold 
and a possible fragment of a bellow nozzle (Fig. 6.2). It is significant that no ingot fragment 
was found, which might indicate that the workshop mainly used recycled metal as raw 
material. The areas where the material was found must have served not as actual workspaces 
but as storage areas (Muhly and Kassianidou 2012, 121). The output of the workshop is not 
quite clear. Catling argues on the basis of two rejected spearheads with high tin contents that 
the workshop could have been involved in the manufacture of weapons (Catling and Catling 
1984, 207, 263). The scale of the production is indicated by the fact that the largest crucibles 
could handle multiple casts of double-axes, or provide blanks for the largest swords or for 
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sheet metal worked into cauldrons (Evely 2000, 352). The workshop was probably destroyed 
by fire in LM II, perhaps deliberately (Catling and Catling 1984, 264).  
 
The existence of a Knossian weapon workshop in LM II–IIIA has been suggested by several 
scholars on the basis of the stylistic unity of the C and D swords, and the high level of 
technical skills required for these weapons (e.g., Sandars 1963, 126; Catling and Catling 
1974, 243; Driessen and Macdonald 1984, 64).50 No archaeological evidence for such a 
workshop has been found, but Macdonald (1987) regards the information from the Sword 
Tablets of the Ra series (Chadwick 1973, 261, 263; 1976, 171) as evidence.51 Catling and 
Driessen and Macdonald argue that some of the swordsmiths who produced the A type 
swords in the Neopalatial period could have survived the collapse of Knossos in LM IB, and 
developed the C and D type swords (Catling 1974, 244; Driessen and Macdonald 1984, 64). 
Considering the strategic importance of weaponry for the Mycenaeans, a weapon workshop 
most likely operated in the palace. In my opinion it seems unlikely that the elaborate weapons 
could have been made in the Unexplored Mansion workshop, as “…scrap metal can never be 
used when any specific characteristics are needed for the finished product as hardness and 
good edge, etc … because these qualities are obtained by carefully varying the proportions 
and kinds of alloys…,” (Gillis 1997, 508). As long as no archaeological evidence has been 
found, the Knossian weapon workshop remains a hypothesis.52 The destruction of the 
workshop has been coupled to the fall of the palace, for which the dating has been discussed 
(See Ch. 7.3). Sandars dates both the destruction of the workshop and of the palace to LM II, 
after which it was never reopened, “After the last of the splendid horned and cruciform 
swords there were no more luxurious weapons,” (Sandars 1963, 127).  
 
Bronzeworking seems to have continued after the Neopalatial period at Poros-Katsambas, 
attested by large quantities of metallurgical finds, but recycled metal seems to have been used as 
raw material (Dimopoulou 2012, 139). These finds are so far not fully published and not included 
in my study material and Fig. 6.2. By the end of LM I and definitely by LM II, metalworking at 
Kommos appears to have ceased in the southern area of the site, but to have begun on a small 
scale in the town, evidenced by bowl-shaped, bridge-spouted, clay crucibles (Blitzer 1995, 528, 
531). The majority of the finds are dated to the Postpalatial period (see Ch. 7.3).  
 
From the tombs in the Kalyvia cemetery, attributed to Phaistos, 31 metal finds, including both 
weapons and nine vessels have been published (Savignoni 1904, 531-536, 540, 543, 545, 
547). At Hagia Triadha only a few bronze objects have been found in burials from this 
period.  
 

Divisions of metal weight  
The balances between the estimated metal amounts used for utilitarian and prestige objects 
(Fig. 6.3)53 and between the estimated amounts of metal in circulation and those permanently 
                                                
50 To my knowledge, the question of the hypothetical Knossian weapon workshop has not been discussed in the 
recent literature. 
51 See also Hiller 1992. 
52 The only evidence for bronzeworking in the palace is an ingot fragment in the south end of Long Corridor of 
the West Wing. Evely date it probably to LM I or LM II/III (Evans, PM IV.ii, 652; Buchholz, 1959a, 31.14; 
Evely. 2000, 344, no 33).  
53 The amount of metal used for ritual objects was insignificant in this period. 
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deposited (Fig. 6.4) in the 505 artefacts recorded from Final Palatial Central Crete differ from 
the corresponding figures for the Neopalatial period (Figs. 5.3, 5.7 and 5.4, 5.8), which might 
reflect substantial changes in all sectors of the society when the Mycenaeans took over the 
rule at Knossos: almost all metal seems to have been used for prestige objects aimed primarily 
at supporting the status and power of the elite (Fig. 6.3), whereas in the Neopalatial period the 
main proportion of the metal was used for practical purposes, for tools utilized by the whole 
population (Figs. 5.3 and 5.7). Further, almost all the metal found seems to have been 
permanently deposited now (Fig. 6.4), in particular as grave gifts in Knossian burials. The 
amount of metal in circulation was found mainly in the LM II bronze workshop in the 
Unexplored Mansion at Knossos; other settlement finds from the Final Palatial period are 
rare. The corresponding diagrams for the Neopalatial period indicate that only a minor 
proportion of the metal was permanently deposited (Figs. 5.4 and 5.8): however, as mentioned 
before, this could be caused by the paucity of Neopalatial burials found to date (see Ch. 5).  

   
 
Metal cycle  

To get an overview of how the amount of metal was distributed between the different phases 
of the hypothetical metal cycle, I made, a rough assessment of the percentage of the total ca. 
140 kg. metal amount that was found for each phase of the metal cycle (Fig. 6.5), as I did for 
the Neopalatial period. As would be expected it differs from the corresponding figures for the 
Neopalatial period (Figs. 5.5 and 5.10): most metal, 80%, was found deposited in tombs, 
mainly from the Knossos area, and the metal in circulation is found mainly in artefacts, scrap 
metal and metallurgical waste from the LM II bronze workshop in the Unexplored Mansion. 
The only settlement finds are some few artefacts from Kommos and Hagia Triadha.  
 
As is seen, there are many phases in the hypothetical metal cycle where no metal dated to this 
period has been found, which makes the metal record and metal cycle less reliable for studies 
of the Bronze Age situation. For instance the metal supply in the Mycenaean periods, 
particularly in the Final Palatial period, is still a matter of guesswork as long as no ingots have 
been found, and the metal record is probably biased as very few Mycenaean settlements have 
been excavated so far.  
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Textual evidence 
In contrast to the Minoan periods, for which material studies have to be based entirely on 
archaeological evidence and scientific analyses, we also have information gleaned from the 
Knossian Linear B tablets in the Mycenaean era. The damaged tablets in the Oa-series, 730, 
733, 734 record large quantities of what is probably copper:54 according to Chawick, Oa 734 
records 60 ingots weighing in total ca. 1562 kg (Chadwick 1976, 142) while Dialisma gives 
70 ingots with a total weight of 1742 kg, enough to meet the seasonal needs of a palace, based 
on the information from Pylos (Dialisma 2001a, 124). The tablets in the Og-series record 
weighed raw materials, but in general the name of the commodity is not given. Tablets Og (1) 
180 and Og (1) 8038 record 234 kg. and 80 kg., respectively, of a material that is tempting to 
regard as copper (Dialismas 2001a, 123-124). The ‘sword tablets’ in the Ra-series record 
weapons in the palace armory: Ra 1540 records not less than 50 swords or daggers (Chadwick 
1976, 171). These figures have been useful in this study in two respects: they attest the fact 
that abundant metal seems to have been available in the Final Palatial period also, and they 
allow calculations of average weights for the Final Palatial weapons. Tools seem to have been 
neither weighed nor controlled by the palace. The Knossian tablets contain no information 
related to bronzeworking in the palace: its organization and the role of the smiths in the 
society, which would be comparable to the information in the Jn series at Pylos, discussed 
e.g., by Gillis (1997). The tablets are also mute on metals trade. Anyhow, despite the lack of 
                                                
54 The old confusion related to the distinguishing between copper and bronze in the Linear B tablets has recently 
been summarized by Muhly in the Oxhide Ingot book edited by Lo Schiavo et al. (Muhly 2009, 19-20) Both 
ancient and modern Greek language lacks a separate word for bronze; χαλκος, ka-ko in the Linear B tablets, is 
used for both copper and bronze. Scholars have shown a considerably confusion in this respect. For example 
Evans referred to the “bronze” ingots from Sardinia, Enkomi and Hagia Triadha (Evans 1906, 356-357). Gillis 
(1997, 506-509) argued that ka-ko must mean both copper and bronze, to which Muhly, and also Michailidou as 
well (2008a, 523), agree.  Dialismas, who has investigated materials recorded in Linear B tablets, talks only 
about bronze (Dialismas 2001a, 124), but when referring to him, I have replaced his ‘bronze’ by ‘copper’. 
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preserved textual information, weapons must somehow have been produced for the 
militaristic elite at Knossos, either by attached smiths in palatial workshops, or by 
independent craftsmen outside the palace. Killen argues in the article Bronzeworking at 
Knossos and Pylos that the organization of bronzeworking in these two palaces seems to have 
been closely similar, on the basis of information in the Pylian Jn series and the Knossian 
tablet K(1) 875 (Killen 1987, 61, 70). It could imply that the ta-ra-si-ja concept, in which the 
palace allotted metal to independent smiths who delivered metalwork to the palace, attested 
for Pylos, (Smith, J.S. 1992-1993; Gillis 1997, 509-511) was perhaps used also at Knossos.  
 
Metal profile 

The preserved metal assemblage from Final Palatial Central Crete, illustrated in Figs. 6.1-6.5, 
does not present a reliable view of the metal system in this period: there are gaps in the metal 
cycle and many open questions remain. The presumed Knossian weapon workshop and the 
information gleaned from the Linear B archives might cast some new light on the situation. 
By combining the archaeological and textual evidence and the views of the suggested 
Knossian weapon workshop, with reservations for these lacunae and problems, I have 
constructed the following hypothetical regional metal profile for Final Palatial Central Crete: 

 
i. Access to and availability of copper and tin were crucial for the militaristic Mycenaean 

rulers: production of weapons at Knossos might have been strategically important. 
ii. The evidence for and indications of the availability of metal are contradictory: the lack 

of ingot finds might reveal metal shortage whereas the 60 ingots and numerous weapons 
recorded in the Linear B tablets and the rich metal finds in the Knossian graves indicate 
the opposite. 

iii. The Thera eruption and/or results related to it and the transition from Minoan to 
Mycenaean control of the trade routes could have caused temporary breaks in the metal 
import. 

iv. Metal imports probably continued in LM IIIA1, and copper and tin reached the Cretan 
harbors on ships like the Uluburun ship, in particular to Kommos, which was an 
important transhipment point between separate maritime circuits (S. Sherratt 2001, 
219).  

v. A possible metal reserve could have been the Neopalatial copper oxhide ingots 
probably hidden at Knossos, which surviving Minoan elites and/or smiths might have 
been aware of. The Mycenaeans could have recorded them on the Linear B tablets and 
used the metal for weapon production. 

vi. Bronzeworking seems to have been concentrated to Knossos, where one, probably even 
two large workshops operated: one workshop in the Unexplored Mansion dated to LM 
II producing mainly utilitarian objects from recycled metal, for which convincing 
archaeological evidence is published (Catling and Catling 1984), and the other, the 
hypothetical Knossian weapon workshop, suggested by several scholars, which was 
assumed to have produced the elaborate Mycenaean swords and spearheads. 
Archaeological evidence has so far not been found for the latter workshop.  

vii. Information from Knossian Linear B tablets indicates that at Knossos a similar ta-ra-si-
ja system might have been employed for bronzeworking as at Pylos, (Killen 1987). 
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viii. Bronzeworking continued in the harbor towns Poros-Katsambas and Kommos, 
probably controlled by Knossos, albeit on a smaller scale than during the Neopalatial 
period. Mainly recycled metal was used as raw material. 

ix. The main portion of the metal amount in objects was used for prestige artefacts, the 
portion used for tools and other objects needed by common people seems to have been 
small. 

x. Almost all metal was permanently deposited in burials, and consequently lost from 
circulation. It had to be replaced by new metal, if the intention was to keep the metal 
stock in circulation constant. 

xi. Sufficiently damaged objects and scrap metal for recycling were probably available in 
the Neopalatial destruction levels, perhaps indicated by the many damaged artefacts 
that can be dated to the Neopalatial period found in the LM II workshop in the 
Unexplored Mansion (Catling and Catling 1984, 207). 

 

Metals in society 
The warrior graves with deposited weapons give evidence for the role of warfare as a central 
source of the political power and the elite identity of the new rulers: the use of coercive force 
was one important mechanism in the Mycenaean conquest of the territory on Crete (Driessen 
and Schoep 1999, 389, 392). For the Mycenaeans the motives for importing metal and 
manufacturing metalwork were probably different than for the Minoans: metal was needed 
mainly for weapon production and for strengthening the power and status of the elite. On the 
basis of the regional metal profile and recent views of the political-economic structure for 
Final Palatial Central Crete, I characterize the activities in the phases of the metal cycle 
generally as political, economic or social in the same way I did for Minoan Neopalatial Crete. 
  
The import of metal to Mycenaean Crete remains an enigma: the metal record and the Linear 
B archives are mute regarding how the rulers in the Knossian Kingdom acquired the copper 
and tin crucial for and used by the militaristic Mycenaeans. From where, in what form and to 
which harbors was the metal imported? On the basis of Neopalatial evidence one would 
suggest that copper (and probably tin) was imported as oxhide or bun ingots, copper probably 
mainly from Cyprus and Anatolia. Importing weapons and vessels from the Mainland 
supplemented the imported ingots at times. As in the previous period Poros-Katsambas and 
Kommos might have been the main harbors, but at the former site metalworking seems 
mainly to have used recycled metal as raw material (Dimopoulou 2012, 139). A cheap, local 
‘metal supply’ could have been the Neopalatial copper oxhide ingots most probably hidden 
and stored at Knossos but found by the Mycenaeans. Thus, the motives for the desire, import 
and accumulation of metal in the Knossian Kingdom might mainly have been to strengthen 
the power and status of the elite, which I would characterize as a political activity.  
 
The discussion on bronzeworking in the Final Palatial periods has revolved around two 
Knossian workshops: the LM II workshop in the Unexplored Mansion where a rich 
assemblage of metal and metallurgical finds have been investigated by Catling and Catling 
(1984), and the hypothetical weapon workshop, advocated by many scholars (e.g., Sandars 
1963; Catling and Catling 1974; Driessen and Macdonald 1984 and Macdonald 1987). The 
workshop in the Unexplored Mansion permits an assessment of the metal industry in Crete in 
the immediate aftermath of the LM IB catastrophe (Catling and Catling 1984, 204). 
Noteworthy is that among the hundreds of metal finds, not a single ingot fragment has been 
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found. That seems to indicate that new production used mainly recycled metal, but might also 
point to deliberate rifling or a hurried collecting of more valuable items (Catling and Catling 
1984, 206). The material was partly a generation older than the workshop (Catling and 
Catling 1984, 207), which might indicate that it was collected from the LM IB destruction 
levels. The Lead Isotope analysis ‘fingerprints’ for the workshop material indicate, as they do 
for a main part of the Neopalatial bronze objects, a Lavrion origin for the copper (Gale and 
Stos-Gale 2007, 108, figs. 7, 8).55 The output of the workshop is difficult to reconstruct: on 
the basis of the fact that no ingots have been found, I believe that it might have been mainly 
utilitarian objects56 but Catling and Catling argue, “ ...it is a reasonable deduction that it was 
involved in the manufacture of weapons, which are one of the characteristics of Knossos in 
this period,” (Catling and Catling 1984, 263). The supposed Knossian weapon workshop 
advocated by many scholars is assumed to have produced the elaborate Mycenaean swords 
and spearheads found in the Knossian warrior graves and recorded on the Sword Tablets in 
the Ra-series (Chadwick 1976. 171). But as long as no archaeological evidence for the 
workshop and its raw material supply has been found, it remains a hypothesis. 
 
On the basis of the available evidence, bronzeworking in the region seems hypothetically to 
have been of different types. One level of production includes a large-scale manufacture of 
weapons at Knossos by skillful attached artisans for the local elite and for export, using either 
ingots or recycled fine metalwork as raw material, which I would characterize as mainly a 
political activity. A second level would be the manufacture of utilitarian objects and perhap 
vessels from recycled metal in the LM II workshop in the Unexplored Mansion, which I 
would regard as an economic activity. A third area would be small-scale production of 
common bronze objects for local needs by independent smiths from recycled metal at Poros-
Katsambas and Kommos, which I would characterize as an economic, perhaps even social 
activity.  
 
The preserved metal record indicates that the priorities for the use of metal in the Mycenaean 
Final Palatial period seem to have been different than in the Minoan Palatial periods. The 
balance between the estimated amounts of metal in utilitarian and prestige objects (Fig. 6.3) 
indicate that almost all metal was used for production of prestige objects deposited in elite 
burials. In addition the knives found in the graves, classified in this study as utilitarian 
objects, were perhaps prestige items for the deceased. The metal amount used for practical 
purposes like axes and chisels was probably rather insignificant as the Mycenaeans did not 
seem to have invested in monumental buildings and craft industries as much as the Minoans 
did: the metal seems almost entirely to have been used for military purposes and luxury items.  
 
The distribution of the metal, revealing a concentration of about 70% of the total estimated 
amount in the Knossos area (Fig. 6.1), supports the presumed political, economic and perhaps 
even cultural control of Knossos in the region. The metalwork produced in the Knossian 
workshop was probably not widely distributed: exceptions are the rich finds from the Kalyvia 
cemetery, in line with the indication in the Linear B tablets of a strong Knossian interest at 
Phaistos, which in the LM III period may well denote also Hagia Triadha and Kommos (S. 
Sherratt 2001, 221, note 16). The elaborate swords, in particular from the presumed Knossian 
weapon workshop, might have been widely distributed as gifts to other elites in the Aegean or 

                                                
55 See discussions on the “Lavrion copper” in Ch. 5.2. 
56  The market for tools could have been rather limited due to an apparent population drop (e.g., Driessen & 
Frankel 2012, 75), and perhaps the volume of building work and craft production was small.  
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traded, used as exchange in the international networks. I regard the distribution of metal in the 
Final Palatial period as a mainly political activity. 
 
Contrary to the Minoan Neopalatial period, almost all of the preserved metal was permanently 
deposited in elite burials (Fig. 6.4), a Mycenaean feature but also practiced to some extent 
earlier by the Minoans. The deposition of a significant amount of metalwork in the 
ostentatious tombs of new types at Knossos indicates, however, that new funerary rituals had 
been imported from the mainland. It can be regarded as mirroring what metal meant for the 
buried people in economic and social terms (see discussion in Baboula 2000, 71-72). The 
majority of the Minoan open-air sanctuaries had ceased to function, and from the still 
operative sanctuary in Central Crete, Juktas, no metal votives dated to this period have been 
recorded (Jones 1999, 65).57 Deposition of metals in burials has been regarded in general as a 
socio-cultural activity, but for the Mycenaeans at Knossos, it could also have been a strategic 
means of restricting the availability of and access to the metal. On the other hand, the 
deposited metal was lost from the circulation, and had to be replaced by new metal, if the 
amount of metal in circulation was to remain constant. In my opinion the deposition of such 
large amounts of metal in burials would have had significant social, cultural, political and 
economic aspects and significant impact on the societies. 
 
The lack of copper ingots in the metal record from the Final Palatial period might perhaps 
indicate some problems with the metal supply: if this were so, the need to effectively organize 
recycling of the metal, perhaps preserved in the LM IB destruction levels, would be all the 
more pressing. Catling is convinced that the LM II workshop in the Unexplored Mansion, 
where not a single ingot fragment has been found, “… was involved in the manufacture of 
weapons.... which are one of the characteristic of Knossos at this period” and that “… fine 
metalwork of an earlier day had been collected for recycling in a programme of weapon 
production,” (Catling and Catling 1984, 263-264; 206-207). I do believe that recycling might 
have been effectively organized by the Mycenaean rulers, and that its volume was 
considerable, because of the good availability of damaged metalwork in the LM IB 
destruction levels, a view supported by the fact that Dimopoulou argues that metalworking at 
Poros-Katsambas in the Final Palatial period seems to have been based mainly on recycled 
metal (Dimopoulou 2012, 139). I would characterize recycling in Final Palatial Central Crete 
as a purely economic activity. 

                                                
57 The extra-urban sanctuary at Syme, Viannou, where three elaborate swords dated to this period were 
deposited, probably by a nobleman from Knossos (Papasavvas et al. 1999), and the Psychro Cave, are according 
to my regional division located in East Crete, and will be discussed in the Postpalatial chapter 7.2. 
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CHAPTER 7. POSTPALATIAL PERIOD  
 

7.1 INTRODUCTION 
 
The centralized Knossian regime was short-lived, but the causes of its collapse remain unclear 
(Preston 2004a, 323). The question of how long Knossos continued to function as a palace is a 
vexing one: a final destruction in LM IIIA2 seems to be most widely accepted today (e.g., 
Popham 1997, 385; Driessen and Frankel 2012, 76). In his review of evidence for the 
political-economic organization on Crete in the Postpalatial period, LM IIIA2-IIIB, Haskell 
argues that the number of settlements showed a continued increase (Haskell 1997, 189), but 
the island seems to have been organized regionally. There is nothing in the archaeological 
record that suggests any sort of centralized control. According to him, former secondary 
centers benefited indirectly and regained a degree of independence, a few of them even 
becoming international players. Chania in the west seems to have been the most influential 
center with its own Linear B tablets. It exported pottery abroad, including inscribed stirrup 
jars (Haskell 1997, 193). In architecture we can see features of Mycenaean inspiration and 
perhaps Mycenaean presence: for instance the megaron-like building He at Gournia and the 
large rectangular structure ABCD at Hagia Triadha (Haskell 1997, 191). In LM IIIA2 the use 
of tombs was spread over the whole island (Preston 2004b, 140). The tombs seem to represent 
a broader cross-section of the population than in the preceding period, with a decline in 
mortuary ostentation. This trend continued, and the LM IIIB burials contained mainly ceramic 
vessels and simple jewelry (Preston 2004a, 331-333). Despite the fact that the LM IIIB phase 
was probably relatively poor in metal, the deposition of metalwork in burials was both 
widespread and uniform: a knife or some ornaments were commonplace grave gifts (Baboula 
2000, 75). By the end of LM IIIB settlements were destroyed or abandoned. Some population 
groups might have left the island while others arrived (Driessen and Frankel 2012, 76). The 
settlements were small and isolated, and during LM IIIC defensible sites inland seem to 
dominate, which might indicate uneasy social conditions (see for example Pendlebury 1937-
38 and Nowicki 2008). 
 
In this chapter the Final Palatial period from East and West Crete is discussed in connection 
with the Postpalatial period (Chs 7.2 and 7.4), because the published Final Palatial metal finds 
from these regions are too few to allow for separate regional analyses. 
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7.2 EAST CRETE 
 

 
        Map 7.1 Minoan East Crete 
Society 
The excavation under the direction of Soles and Davaras of Mycenaean Mochlos, covering 
both the settlement on the island and the associated cemetery Limenaria on the coast opposite 
the town, is exceptional: excavations of settlements and associated cemeteries from the 
Mycenaean era on Crete are rare. The excavation has uncovered not only an important phase 
of the Bronze Age history of Mochlos, but also of the entire Mycenaean East Crete, which 
Bennet called “The wild country east of Dikte” (Bennet 1987), and in particular of the 
Mirabello area (Brogan 2006a; Brogan and Smith 2011). The results have been published as 
volume II in the Mochlos Publication Series, of which two are of interest for this study: 
Mochlos IIA, The Mycenaean Settlement and Cemetery. The Sites (Soles 2008b) and Mochlos 
IIC, The Mycenaean Settlement and Cemetery. The Human Remains and Other Finds (Soles 
and Davaras eds. 2011). 
 
The excavations have shown that after the violent destruction of the Neopalatial Mochlos 
community at the end of LM IB, new settlers reoccupied the town probably at the end of LM 
II or the beginning of LM IIIA1 (Brogan, Smith and Soles 2002, 95-98; Brogan and Smith 
2011, 151), and the question of whether or not and when, if ever, Knossos extended its 
interests into the eastern part of Crete can now be answered (Soles 2008b, 3). The excavations 
uncovered 13 houses dated to LM III in the settlement (Soles 2008b, 6) and 31 burials, mainly 
chamber tombs in the Limenaria cemetery, dated from LM IIIA1 to LM IIIB (Soles 2008b, 
129). 
 
The excavators could identify two phases of the reoccupation:58 Phase 1 (LM II–IIIA1) and 
Phase 2 (LM IIIA2-IIIB). In Phase 1 the bonds between Mochlos and Knossos appear to have 
been strong: many of the settlers had come from Knossos and the telestas served as a palace 
functionary whose primary mission was to secure the overseas trade route, thereby ensuring 
the safe delivery of copper and tin to Knossos (Soles 2008b, 204). In Phase 2 from early LM 
IIIA2, changes occurred both in the settlement and the cemetery, perhaps related to the 
destruction of the Knossos palace: Mochlos may have become a regional center, trading 
farther afield than it did when Knossos controlled its commerce (Soles 2008b, 203).  
                                                
58 Within a broad range, the two phases at Mycenaean Mochlos more or less correspond chronologically to the 
Final Palatial and Postpalatial periods. 
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The power structure of the LM III settlement at Mochlos revealed by the excavations clearly 
reflects a Mycenaean type of organization, and the burial practices at nearby Limenaria show 
Mycenaean features (Soles 2008b, 198-200). LM III Mochlos belonged to the Mycenaean 
world: a highly stratified community where the wealth was concentrated in the hands of a 
small elite (Soles 2008b, 3, 185). Mycenaen palatial systems on Crete began to collapse 
sometime in LM IIIB, and Mochlos was abandoned along with many other settlements on the 
island (Soles 2008b, 4). 
 
Although no intensive field survey has been conducted in the immediate Mochlos area, 
several LM III sites, mainly cemeteries, have been reported (Brogan and Smith 2011, 149). Of 
these the Myrsini-Aspropilia cemetery, which reached its peak in LM IIIB, is important. N. 
Platon excavated 12 tombs at the site in 1959, but they have never been fully published 
(Brogan and Smith 2011, 153). The wider region of Mirabello was characterized by a 
dispersed settlement pattern during the LM II-III periods. The LM III evidence from the area 
clusters into three areas: Gournia, Monastiraki and Episkopi (Brogan and Smith 2011, 155). 
The three primary settlements were Mochlos, Gournia and Episkopi. 
 
Much of what we know about Gournia in the Mycenaean periods comes from the excavations 
of Boyd Hawes. She mentions finding LM III houses and tombs on the opposite side of the 
river flanking the Neopalatial town (Boyd Hawes et al. 1908, 20). Among the buildings are a 
small LM IIIB shrine with snake tubes and goddesses with upraised arms (Boyd Hawes et al. 
1908, 47-49) and a megaron: these represent one of the clearest and most elaborate examples 
of mainland influence in the period. Like the other LM III houses at Gournia the megaron 
appears to have been abandoned in LM IIIB (Brogan and Smith 2011, 157). The LM III 
settlement at Gournia probably surpassed the one at LM III Mochlos (Brogan and Smith 
2011, 156). Gournia probably continued as a first-order site as it did in the Neopalatial period 
(Soles 2008b, 201). Tsipopoulou suggests, “It cannot be excluded that future excavations will 
reveal a substantial Late Minoan III town at Gournia,” (Tsipopoulou 2005, 316).  
 
Survey and excavations on Pseira have revealed meagre traces of habitation following the 
destruction of the LM IB town. Evidence of an early reoccupation in LM II and the 
excavation of one LM III house have been reported by Betancourt in1999 and 2005. The 
cemetery for the LM III settlement has so far not been found (Brogan and Smith 2011, 154). 
 
After the final destruction of Palaikastro in LM IB, several town blocks were re-occupied 
quite soon after. Bosanquet observed, “… a new Palace was built on more ambitious lines 
than the house which preceded it, a significant fact which suggests that Palaikastro was now 
capital of an independent principality,” (Bosanquet and Dawkins 1923, 74; Macgillivray 
1997, 277). The town seems to have developed into an important pottery-exporting center for 
East Crete: the local pottery has been found all over Crete, even found in some of the few 
warrior graves from the region (Tsipopoulou 2005, 328). There is some evidence that the 
Zakros town was also re-occupied in LM III (Kanta, 1980, 195).  
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Metals 
The abundance of metal available in Neopalatial East Crete seems to have changed into an 
apparent metal shortage in the Mycenaean era. A total of only ca. 30 kg. of metal have been 
found and recorded for this study, compared to ca. 440 kg from the Neopalatial period. Not 
a single ingot fragment dated to the Mycenaean era has come to light even though Soles 
argues, “Ships like the one found near Uluburun were sailing from the Syrian coast along 
the south coast of Asia Minor into the Aegean past Mochlos… …These ships were bringing 
cargos of copper and tin that were indispensable to the functioning of the Mycenaean 
economy,” (Soles 2008b 4). If metal was imported to the East Cretan harbors, the main 
portion ended up at Knossos in the Final Palatial period (or Phase 1 at Mochlos). The new 
settlers who reoccupied Mochlos and probably also Gournia, Pseira and Palaikastro at that 
time do not to seem to have been aware of the large amounts of metal from the Neopalatial 
period buried under their feet in the LM IB destruction levels (Soles 2008a; Georgiou 1979; 
Driessen and Macdonald 1997, 67-69). 
 
After the major destruction of the Mycenaean centers in LM IIIA2 a migration of mainlanders 
came to Crete from Central Europe with elaborate weapons of a new type (e.g., Bouzek 1985; 
B.P. Hallager 1985; S. Sherratt 2000, 84-87, Fig. 5.1 and Appendix). In East Crete such 
weapons have been found in tombs at Mouliana, Myrsini and Langada, and in the Psychro 
Cave. In East Crete the number of tombs containing weapons and bronze vessels increased 
dramatically at the end of the Postpalatial period: the assemblages from the Myrsini-Mouliana 
cemetery dated to LM IIIC, for example, are extremely rich.59 The number of Type F and 
Naue II swords from Central Europe found in Postpalatial East Crete is unparalleled in any 
other area on the island (Tsipopoulou 2005, 328). 
 

Spatial distribution of metal finds 
From the Final Palatial period only 23 metal objects are recorded from East Crete. The 
majority are small votives from Psychro. The most outstanding finds are the three elaborate 
swords deposited at Syme, dated on typological grounds to LM II-IIIA (Papasavvas, P. Muhly 
and Lebessi 1999, 649). The 196 Postpalatial metal objects from the region have an estimated 
total weight of ca. 30 kg., a small amount compared to ca. 210 kg for the Neopalatial metal 
finds. The objects are small: the estimated average weight is 0.15 kg. The majority are from 
tombs on 16 sites, mainly from Limenaria at Mochlos, Palaikastro and Pharmakokephalo at 
Sklavoi (Fig. 7.1). Common grave gifts are small functional items and ornaments, and among 
larger artefacts mainly razors and mirrors. Swords and spearheads have been found at 
Myrsini, Palaikastro and Pharmakokephalo and vessels at Milatos, Palaikastro, Mochlos and 
Pharmakokephala. Tomb 15, the suggested burial place of the telestas at Mochlos, contained a 
ritually killed dagger, considered a symbol of his authority (Soles, 2008b 201, plate 28C). 

                                                
59 As they are dated to LM IIIC, they are not considered in this study. 
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Most metal has been recorded from Palaikastro, a total of 31 bronze objects of which 28 were 
deposited in tombs from eight different cemeteries. Their estimated total weigh is ca.7 kg. 
(Fig. 7.1), corresponding to an average weight of ca. 0.22 kg. Among the finds are as many as 
eight mirrors, five weapons including one sword, and two vessels. Palaikastro has also yielded 
one of the best indications of metalworking on Postpalatial Crete (Fig. 7.2): a significant 
collection of debris associated with the melting and casting of bronzes, containing tuyères, 
crucibles and two types of clay mold fragments (Hemingway 1996; Catling 1997; Evely et al. 
2012). The numerous heavy bronze objects found and the evidence of metalworking might 
indicate a rather good availability of metal, perhaps even metal import. Evely with colleagues 
has investigated the crucibles regarding their fabric, manufacture and use, and compared the 
results with Neopalatial crucibles from the site. By analyzing slag layers and metal remains 
they found that the tin content of the bronze seems to have dropped to only ca. 1 %, in the 
Postpalatial period, whereas analyses revealed that in the Neopalatial period high tin-bronze 
was worked at Palaikastro (Evely et al. 2012, 1833). It indicates that mainly recycled metal 
might have been used in the Postpalatial period as raw material.  
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From Mycenaean Mochlos ca.50 bronze objects have been published (Soles 2008b and Soles 
and Davaras eds. 2011). The finds are small: I have estimated their total weight to ca. 3 kg, 
corresponding to an average weight of only 0.06 kg, or much lower than for the finds from 
Palaikastro. The majority of the finds are grave gifts from 14 of the 31 tombs in the Limenaria 
cemetery: ornaments and knives dominate but also one mirror (used as a lid), one razor, one 
vessel and a ritually killed dagger. Only six small objects, tools and ornaments are recorded 
from the settlement. Many families probably moved away at the end of the period to a site 
near Myrsini and Tourloti, taking their possessions with them (Soles 2008b, 204). Some 
pieces of bronze scrap and metal waste (Soles 2008b, 24, 111), as well as a bellow nozzle and 
a mold (Brogan 2008, 164-165), indicate that metalworking might have been practiced also at 
Mycenaean Mochlos. Because earlier Minoan remains make up 70-80 % of the assemblage 
from the LM III levels, it can be assumed that the metallurgical finds were most likely 
manufactured in the Neopalatial period (Brogan 2008, 166).  
 
One of the largest metal assemblages from Postpalatial East Crete was collected from the 
plundered LM III cemetery Pharmakokefalo, near the village of Sklavoi by Davaras and 
Sakellarakis in the 1960´s (Kanta 1980, 183; Sakellarakis 1968, 419). It included three 
spearheads, a mirror, a bowl, two daggers and three razors. I have estimated the weight of the 
finds to ca. 7 kg., corresponding to an average weight for the objects of 0.67 kg., much more 
than for the finds from Palaikastro and Mochlos. The tombs at Milatos and Olous on the north 
coast have also yielded metal finds: from Milatos five objects, among them two vessels and 
one mirror, est. weight ca. 2 kg and from Olous 13 items, among them six small axes and four 
razors The weight of the finds is estimated to ca. 2 kg. Among the 43 votives from Psychro, 
with an estimated total weight of ca. 3 kg., the ritual objects are in the minority; in this period 
mainly small tools, razors and weapons seem to have been deposited (Boardman 1961). 
Significant are the five Peschiera daggers (Bouzek 1985, 132, nos. 2-5; Boardman 1961, 17, 
no. 56, fig. 2, plate 9) and the nine knives of European type (Bouzek 1985, 148, no. 1; 149, 
nos. 4, 1, 8.). 
 
Divisions of metal weight  
The balances between the estimated metal amounts in utilitarian and prestige objects and 
between the amounts of metal in circulation and those permanently deposited of the estimated 
total weight of ca. 30 kg. for the 196 metal objects from Postpalatial East Crete (Figs. 7.3 and 
7.4) reveal the typical Mycenaean features of metal assemblages: the amount of metal used 
for practical purposes, mainly tools, is smaller than the amount used for prestige objects and 
the main part of the metal was permanently deposited, mainly in burials at 16 sites. 
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Metal cycle 
As I did for the Neopalatial and Final Palatial periods I entered the ca. 30 kg. of metal finds 
into the different phases of the hypothetical metal cycle, and made a rough assessment of the 
percentages of the total metal found in the phases (Fig. 7.5). The cycle shows the typical 
Mycenaean structure of metal records: the major portion of the amount of metal was 
deposited in burials (ca. 80 %), the votive deposits were insignificant (ca. 5 %) and the metal 
amount found in circulation (or in use) rather small (ca. 15 %). Among the finds in circulation 
I have included the swords and other weapons with ‘Siteia’ recorded as the find spot: most 
probably they were robbed from tombs and would perhaps have been classified better as 
buried metal. As for Final Palatial Central Crete (Fig. 6.5), there are many gaps in the metal 
cycle: for instance there is no evidence for the metal supply, but recycling may often be 
rendered virtually invisible in archaeological terms (Needham 1998, 286). The hypothetical 
metal cycle based on published finds from the preserved record from Postpalatial East Crete 
must therefore be regarded as less reliable for the Bronze Age situation. 
 

 
Metal profile 
The regional metal profile for Postpalatial East Crete compiled on the basis of the analyses of 
the published metal finds in the record above reveals the following features of the metal 
system:  

i. Metal seems to have been in short supply indicated by the few, mainly small, objects 
found, particularly if compared with the Neopalatial period. In total only ca. 30 kg. of 
metal has come to light, and the estimated average weight for the artefacts was only ca. 
0.15 kg. 
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ii. The metal record does not reveal anything about metal supply. According to Soles the 
metal import to Mochlos might have continued (Soles 2008b, 4), in particular as long as 
Knossos hypothetically controlled the harbor, but was probably meant for weapon 
production at Knossos, however. On the other hand the metal finds in the burials at 
Palaikastro and evidence of metalworking might indicate that metal could have been 
imported to the site. 

iii. Bronze scrap, which increasingly circulated at an informal level in the East 
Mediterranean (S. Sherratt 2000, 87), might have been imported also to Crete but no 
evidence has been found. 

iv. The LM IB hoards of copper and bronze in basement storerooms at Mochlos were never 
retrieved until modern times (Soles 2008b, 198), which might be the case also in the 
other Neopalatial centers.  

v. Convincing evidence of bronzeworking has been found at Palaikastro in a pit with 
fragments of refractory materials dated to LM IIIB (Hemingway 1996; Evely et al. 
2012). The few analyses of copper spill in the crucibles indicate a probably use of 
recycled metal (Evely et al, 2012, 1833). Also at Mochlos small-scale metalworking 
was perhaps practiced.  

vi. Despite the numerous weapon finds, mainly swords from the end of the period, weapons 
were probably not produced in Postpalatial East Crete. In the beginning of the period 
they were probably imported from Knossos and the mainland, whereas the new settlers 
at the end of the period might have been armed when they arrived with weapons of a 
new European type.  

vii. The balances between metal used for utilitarian vs. prestige objects and metal in 
circulation vs. permanently deposited reveal the typical Mycenaean features: the major 
part of the metal was used for prestige objects and was permanently deposited.  

  

Metals in society 
On the basis of the few and rather mundane bronze objects found in Mycenaean East Crete, a 
fringe area of the Knossian Kingdom, metal seems to have had a less central role than for the 
rulers at Knossos. In the beginning of the period, when Knossos probably controlled the 
harbors and the metal import, at least at Mochlos (Soles, 2008b 4, 203), the region might have 
been a kind of transit area for imported valuable goods: the metal for instance was perhaps 
intended for weapon production at Knossos. As long as the palace was functioning, the rulers 
probably controlled East Crete to some extent, but after its collapse, the regional centers and 
the private sector gained in importance. As I did for the Neopalatial and Final Palatial periods, 
I characterized the presumed social intentions and roles of the activities in the different phases 
of the metal cycle in Mycenaean East Crete as political, economic or cultural, on the basis of 
the metal profile for the region and the recent published views of the politico-economic 
situation. 
 
Evidence of metal import in the Mycenaean era is lacking, but it is assumed to have continued 
(Soles 2008b, 4): as long as the Mycenaean palace at Knossos functioned, the main role of the 
telestas at Mochlos was to secure the harbor and the overseas trade route, to make sure that 
copper and tin arrived at Knossos as it should (Soles 2008b, 204). In this early phase I would 
characterize the metal import mainly as a political activity, with perhaps some economic 
benefits for the harbor sites. After the collapse of the central Mycenaean authority the 
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situation changed. Independent regional centers seem to have replaced the Knossian control 
of the harbors, among them Mochlos, which was now trading farther afield than it did when 
Knossos controlled its commerce. Rich merchants were involved in long-distance trade 
networks, including probably metal import through commercial trade networks (Soles 2008b, 
203-204). At the end of the period a wave of bronzes of European type arrived in East Crete, 
mainly weaponry like the Naue II swords and Peschiera daggers. They are mostly found in 
inland rural tombs and in the Psychro Cave. The number of finds, their distribution and their 
contexts suggest that “we are not dealing with any form of high level centralized distribution, 
but something more akin to a decentralized low-level trade,” (S. Sherratt 2000, 87). I would 
characterize the metal import after the destruction of the Knossian palace as an economic 
activity.  
 
Bronzeworking is testified in the region mainly by an assemblage of fragments of crucibles, 
molds and tuyères from a pit at Palaikastro (Hemingway 1996; Catling 1997; Evely et al. 
2012). The emphasis was probably on the production of functional items of low tin-bronze 
(Evely et al. 2012, 1833) from recycled metal. At Mochlos metalworking might have been 
practiced on a small scale. That bronze objects have also been found in rural tombs may 
indicate some metalworking activities also outside the centers. The more elaborately worked 
vessels and weapons that were found had probably been made at Knossos, or were heirlooms 
from the Neopalatial period. I would characterize the small-scale bronzeworking in 
Mycenaean East Crete as economic, sometimes perhaps accosiated with social activities. The 
‘foreign’ bronzes from the end of the period might have had influence on local metal 
production, and the existence of local varieties of imported swords and spearheads can be 
seen as evidence of a new Cretan production of ‘international’ bronzes based on foreign 
models (Bouzek 1985, 122-124, 137; Borgna 2003, 162, 166). This presumed local weapon 
production, for which we have no evidence, could perhaps be classified as a political activity. 
 
Despite the fact that metal seems to have been in relative short supply, its deposition in 
burials was widespread and uniform and the old Minoan habit of depositing votives in the 
Psychro Cave continued, but from the numerous important East Cretan Neopalatial peak 
sanctuaries, such as Petsofas and Traostalos, no votives have been found anymore from this 
period (Jones 1999, 59). I would regard deposition of metal in tombs as a Mycenaean custom, 
but likewise as a continuation of an old Minoan habit, and characterize it as a socio-cultural 
activity. 
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7.3 CENTRAL CRETE 

 
      Map 7.2 Minoan Central Crete 
Society 
After the collapse of the Knossos palace, presumed in early LM IIIA2 (e.g., Driessen and 
Frankel 2012, 76), Central Crete lost its dominant role on the island, which now seems to 
have been organized regionally (Haskell 1997, 193). Former secondary centers such as 
Tylissos, Archanes, Hagia Triadha and Kommos benefited from the situation and regained a 
degree of independence (Haskell 1997, 193). At Archanes-Phourni the new prosperity is 
indicated by rich metal grave gifts in tombs of Mycenaean type (Sakellarakis and Sapouna-
Sakellaraki 1997, 185-186; 189-193, 586-603), whereas at Hagia Triadha and Kommos the 
emphasis was on large, monumental buildings of a new type. The dating of the building 
works has been discussed: did a Knossos-controlled elite initiate them, or were they evidence 
of the newfound independence of the Mesara region (S. Sherratt 2001, 221, note 16). Despite 
the fact that the role of Knossos as an administrative center had ceased, the life at the site 
might have continued at a lower level: some houses were reconstructed and re-occupied and 
some pottery might have been produced (Hatzaki 2005). The importance of the western part 
of the island increased and Chania now seems to have become the most influential center 
(Haskell 1997, 193).  
 

Metals 
As in East Crete metal seems to have been in rather short supply in Postpalatial Central Crete. 
Compared to the 505 metal artefacts from the short Final Palatial period with a total estimated 
weight of about 140 kg., the Postpalatial finds are few: 195 artefacts with an estimated total 
weight of ca. 38 kg., corresponding to an average weight of 0.19 kg., and only 24 weapons, of 
which 5 are swords, compared to 141 weapons of which 32 were swords in the previous 
period. Imports of bronze objects of European type seem to have supplemented the metal 
supply to some extent: in LM IIIA2 the first wave of ‘foreign’ bronzes is supposed to have 
reached Crete. The finds are distributed mainly in the western and central regions of the 
island: knives of the Alpine Matrei type are recorded from Knossos and Phaistos, one 
Peschiera dagger was found at Zapher Papoura (Evans 1906a, 82, fig. 90) and a razor of the 
Peschiera type at Tylissos (B.P. Hallager 1985, 295; Borgna 2003, 162-163; S. Sherratt 2000, 
Appendix). 
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Spatial distribution of metal finds 
As in Mycenaean East Crete and the Final Palatial Central Crete, the majority of the finds are 
from tombs, however not concentrated in the Knossos area in this period but scattered, with 
67 tombs in 22 sites around the region (Fig. 7.6). In this period most metal has been found in 
the Knossos area, 59 finds with an estimated total weight of ca. 10 kg. from Zapfer Papoura, 
Gypsades and Mavrospilia. The finds from Zapher Papoura are most numerous, 29 finds from 
13 tombs, among which, however, only two weapons (one sword and one Peschiera dagger) 
and two vessels. As many as seven mirrors and six razors have been found: they were 
common grave gifts in the Mycenaean era. The complete saw (48 cm.) found in the 
Carpenter´s Tomb at Zapher Papoura is a unique find. Those Postpalatial tombs with 
relatively more metal finds are dated to LM IIIA2, while the finds from Mavrospilia and 
Gypsades tombs, dated to LM IIIB, are small-sized, and Hagios Syllas (Ioannidou-Karetsou 
1985, 352-353), and Stamnoi (Kanta 1980, 53-58), dated to LM IIIA2, have yielded large 
assemblages with prestige metal artefacts. From the former, among the 14 finds are three 
weapons, two vessels, three razors and one mirror, and among the 17 finds from the latter, six 
weapons, one vessel, seven razors and one mirror. As in the Final Palatial period, the Phourni 
cemetery at Archanes has yielded a large collection of metal vessels in the Postpalatial period 
from the so-called ‘Mycenaean Burial Enclosure’, a unique tomb that may have been used 
exclusively for secondary burial of individuals from Tholos A (Kallitsaki 1997; Hatzaki and. 
Keswani 2012, 311). In contrast to the Final Palatial period some ingots are recorded from the 
Postpalatial period: one half and one quarter of an ingot of Buchholz Type 2 were found in a 
ceremonial context on Piazza del Saccelli at Hagia Triadha (Cucuzza et al. 2004). I have 
classified them as votives. This ingot type was the most common in the Mediterranean, but 
for some reasons these two large ingot fragments are the only examples of this type found on 
Crete. Similar divided ingots were found on the Uluburun ship, which might indicate that the 
half and quarter ingots at Hagia Triadha could have been imported in this form. The other half 
ingot from Crete found at Mochlos was Neopalatial and Buchholz Type 1 (Soles 2008a, 148).  
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Evidence of metalworking has been found mainly at Poros-Katsambas and Kommos. After 
the destruction of the Knossos palace, a gradual decline is detectable also at Poros-
Katsambas, but the commercial activities continued until LM IIIB. Metalworking is suggested 
by metallurgical finds, but the working areas were not numerous and the amount of metal 
found limited -- mainly metallurgical waste, probably intended for recycling. Further, the 
crucibles were smaller than in the palatial periods. Towards the end of the period it seems that 
there was no more metal available, and apparently no markets either: the thriving 
metalworking industry at Poros came to an end after two millennia of continuous activity 
(Dimopoulou 2012, 139, 141). The finds from Poros-Katsambas are not fully published so far, 
and therefore are not considered in my study material and analyses, nor shown in Fig. 7.7. 
Metalworking at Postpalatial Kommos occurred both in the houses in the town (Blitzer 1995, 
506) and in LM IIIB in the Southern Area, in Building N. (J.W Shaw 2006, 726). Among the 
finds are six ingot fragments, three of them from Building N. (Blitzer, 1995, 501; J.W. Shaw 
2006, 726). Other evidence included is a furnace bed, bowl-shaped crucibles and clay 
investment molds for double-axes as well as pot bellows. Blitzer has suggested that the 
manufacture of double-axes in clay investment molds by the lost-wax process60 in the 
settlement area might have been intended for external consumption (Blitzer 1995, 531).  
 
In the Postpalatial period Quartier Nu at Malia seems to have been involved in industrial 
activities, among them metalworking, indicated by a well-preserved crucible (Diessen and 
Farnoux 1994, 61, Pl. III.1).  
 
Divisions of metal weight 
The structure of the regional metal assemblage from Postpalatial Central Crete shows the 
same characteristics for Mycenaean societies as the Final Palatial period: the main part of the 
38 kg. metal was used for prestige objects (Figs. 7.8 and 6.3) and almost all metal was 
permanently deposited in burials (Figs. 7.9 and 6.4). The amounts of metal used for utilitarian 
objects and in circulation are insignificant: prestige objects deposited in burials dominate the 
                                                
60 According to Blitzer the most remarkable thing among the metalworking finds from Kommos is the 
substantial evidence for the use of the lost-wax process in the production of double axes in LM IIIA2-B (Blitzer 
1995, 500). Many such molds dated to LM IIIB have also been found at Palaikastro (Hemingway 1996).  
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metal system. That would indicate that due to permanent deposition the main part of the metal 
seems to have bee lost from circulation, and had to be replaced by other metal. 

 
Metal cycle 
As with Postpalatial East Crete (Fig. 7.5) and Final Palatial Central Crete (Fig. 6.5), I placed 
the metal finds in the different phases of a hypothetical metal cycle, and made a rough 
estimate of how the estimated total weight of ca. 60 kg. of metal (including both objects and 
ingots) was distributed between the phases of the cycle (Fig. 7.10). About half of the metal 
seems to have been deposited as burial gifts, and the Hagia Triadha ingots, probably deposited 
as votives, made up almost all the rest: settlement finds are few, mainly a few tools from 
Malia and Kommos. The metal amount found in workshops is from Kommos: ingot fragments 
some tools, scrap metal and metallurgical spill. The still unpublished finds from Poros-
Katsambas are not considered in the calculations. 
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Metal profile 
The regional metal profile for Postpalatial Central Crete resembles the profile for East Crete, 
the main difference being the copper ingots from Hagia Triadha and Kommos.  
i. The metal record indicates a relative shortage of metal: the estimated total amount of 

metal in artefacts, ca. 38 kg., is only one third of the corresponding amount from the 
Final Palatial period (Table 4.1) and the estimated average weight of the artefacts is 
only 0.19 kg. 

ii. The ingots from Hagia Triadha and Kommos were probably imported to Kommos from 
Cyprus (Cucuzza et al. 2004, 151; Gale and Stos-Gale 1999, 272). Metal may also have 
been imported to Poros-Katsambas and Malia on the basis of evidence for metalworking 
on these sites, but probably the workshops mainly used recycled metal as raw material 
(Dimopoulou 2012, 139). 

iii. The Hagia Triadha ingots are significant: they are the only ingots found on Mycenaean 
Crete, with the exception of six ingot fragments found at Kommos, and the only ingots 
of Buchholz Type 2 found on Crete, the most common ingot type in the Mediterranean. 
Their find context testifies the ceremonial use of copper ingots. 

iv. Despite the apparent metal shortage, deposition of metal in burials seems to have been 
common: some LM IIIA2 tombs at Zapher Papoura, Hagios Syllas, Stamnoi and 
Archanes/ Phourni contained rich metal assemblages with weapons and vessels, 
whereas the LM IIIB tombs yielded only small finds.  

v. Prestige artefacts were most likely not locally produced: they could have been 
heirlooms or, like the Peschiera dagger from Zapher Papoura, imported. The output 
from the workshops at Poros-Katsambas, and perhaps also at Kommos, was probably 
only functional objects.  

vi. The balances between the estimated metal amounts used for utilitarian and prestige 
objects and the amounts in circulation and permanently deposited (Figs. 7.8, 7.9) share 
the common features of Mycenaean metal records in Aegean: the main portion of the 
metal amount was used for prestige artefacts ending up in burials and lost from 
circulation.  

vii. The scarcity of metal in circulation could indicate a shortage of damaged and worn-out 
objects for recycling. However, the circulation of bronze scrap at an informal level in 
the East Mediterranean seems to have increased at the end of the Postpalatial period (S. 
Sherratt 2000, 87-88), and scrap metal could perhaps have been imported to Crete, also.  

 

Metals in society 
Despite the fact that the volume of the metals trade in the Eastern Mediterranean seems to 
have culminated at the end of the Bronze Age, attested by the Uluburun and Gelidonya 
shipwrecks, the metal record from Postpalatial Crete indicates a relative metal shortage. One 
reason might have been that the trade routes had changed: only Kommos retained its role as a 
principal gateway and transhipment point between the East Mediterranean trade circuit and 
the more localized western Aegean circuits (S. Sherratt 2001, 221), and as a metal import 
harbor. By LM IIIB Kommos begins to fade out, however, eventually leaving Chania as the 
main Cretan center with northwestward links. Smaller ships with cargoes including finished 
bronze goods (e.g., weapons of European type) and bronze scrap operating in Greek mainland 
coastal waters might have stopped at Chania (S. Sherratt 2001, 233-234). Another reason for 
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the assumed metal shortage could have been that when the posited central control of 
craftsmen collapsed, this created a loss of skill (Baboula, 2000, 77) and sufficient valuable 
artefacts needed in exchange for metal might not have been available anymore. 
 
The best evidence of metal import from Postpalatial Central Crete, or for the entire 
Mycenaean era on LBA Crete, is the half and quarter of a copper ingot found in a ceremonial 
context at Hagia Triadha (Cucuzza et al. 2004). I believe that metal was primarily imported 
for economic reasons and its principal use was as raw material for bronzeworking. These 
ingots from Hagia Triadha constitute, however, strong evidence for the possibility that the 
assumed ritual and ceremonial connotations of copper might have been important, even in 
times of metal shortage. At the end of the period metal seems to have been imported also as 
finished objects, for instance the weapons of European type, and perhaps even as bronze scrap 
(S. Sherratt 2000, 84-88). I argue that regardless of the form of the imported metal (ingots, 
finished goods or scrap) and the purpose, the reasons were probably mainly economic, in 
some cases perhaps cultural. After the final destruction of the Knossos palace, I do not believe 
that there were any more political motives for importing metal: it might at that point be a 
purely economic transaction.  
 
Bronzeworking in the Postpalatial period, when the suggested Knossian weapon workshop 
and the workshop in the Unexplored Mansion at Knossos had ceased to operate (Macdonald 
1987, 295; Popham 1984, 264), seems to have continued on a small scale for a local market at 
Poros-Katsambas (Dimopoulou 2012, 141) and Kommos (Blitzer 1995, 500; J.W Shaw 2006, 
725-726). At Malia evidence of bronzeworking has been attested in Quartier Nu (Driessen 
and Farnoux 1994). The numerous metal artefacts found in tombs in rural areas (Fig. 7.6) are 
indications of the fact that some kind of metalworking might have operated in rural areas also. 
The raw material used in this period, however, seems mainly to have been recycled metal, as 
attested at Poros-Katsambas, (Dimopoulou 2012, 141), while the smiths at Kommos perhaps 
had access to imported ingots, testified by the fragments found (J.W. Shaw 2006, 726-727). 
The weapons found in LM IIIA2 tombs were probably made at Knossos in the Final Palatial 
period. I would characterize bronzeworking on Postpalatial Central Crete mainly as an 
economic activity.  
 
Despite the presumed shortage of metal, in particular during the later part of the period, the 
deposition of metal as grave gifts seems to have been common and widespread. It might 
indicate an adaptation of the Mycenaean practice of interring weapons in ‘warrior graves’, or 
sets of metal vessels (burials with bronzes) at Knossos and other centers in LM IIIA2, 
whereas in LM IIIB burials the deposition of a single knife or a ring as a grave gift can be 
seen as a continuation of the old Minoan practice. Also the deposition of bronze votives on 
ritual places seems to have continued at the still functioning sanctuaries of Juktas and 
Kophinas. I argue that in the Postpalatial period permanent deposition of metal might have 
been entirely a cultural activity: in this period when the metal volumes were small, it is 
difficult to believe that there was any intention of limiting the availability and access to metal. 
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7.4 WEST CRETE 

 
       Map 7.3 Minoan West Crete 
Society  
Due to the concentration of the archaeological activities in Central and East Crete since 
Evans’ time, Western Crete has been considered as a less important region in the Bronze Age 
(see Map 1.1). Not only the accidentally detected, large Postpalatial cemetery Armenoi, but 
also, and particularly, the Greek-Swedish excavations at Kastelli-Chania, has corrected this 
misunderstanding. At Kastelli the remains of a substantial Minoan town, probably the 
‘Kydonia’ mentioned in the Linear B tablets, have been found under modern Chania. The 
finds indicate that Kydonia might have been the capital and administrative center for the 
western part of the island: most plausibly a palace will be discovered in the future (Winbladh 
2000, 82). The heyday of Kydonia seems to have been in Mycenaean times, when it was a 
thriving commercial center with strong ties to the mainland, an important harbor and a wide 
international contact network. It was famous for large-scale production of the exquisite 
Kydonian pottery ware, exported around the Mediterranean. 
 
 Armenoi, the largest LM IIIA /B cemetery on Crete, is located on a shallow hill 10 km. south 
of Rethymnon on the road leading to the south coast of Crete, a strategic post controlling the 
north-south passage. (Tsedakis and Martlew 2007). The site has been excavated under the 
direction of Tzedakis since 1969. So far 232 mainly multi-burial chamber tombs and one 
tholos, probably dating to LM II, have been uncovered (Baboula, 2000). The cemetery is 
divided into two sections: the largest tombs containing the richest finds such as elaborately 
painted larnakes were concentrated to the upper level and the poorer tombs, to the lower level. 
The burial finds indicate that the majority of the interments were Minoans: only a few 
Mycenaean pottery shapes and even fewer Mycenaean imports have been found (Tsedakis 
and Martlew 2007, 72). It has long been argued that a settlement associated with the cemetery 
has not been found.61 Recently, however, Gize has undertaken geological and metallurgical 
surveys in the area and discovered quarry sites for copper ore and semi-precious stones, 
which could have been used in maufacturing the finds in the burials. Tsedakis and Martlew 
argue that the people buried in the tombs would have lived in a town of considerably wealth, 
one which was based on industry and commerce (Tsedakis and Martlew 2007, 69-70). As far 

                                                
61 Godart and Tsedakis (1992, 85) refer, however, to nearby copper mines reportedly used in antiquity, which 
could have been a cause for foundation of the cemetery.  
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as I know all the finds from Armenoi have not yet been fully published: the information of the 
metal finds I have collected from annual excavation reports and some articles. 
 
Mycenaean influence seems to have been much stronger in the western part of the island than 
in Central Crete, due to its close contacts with the mainland. With time the small Mycenaean 
elite in West Crete was successively assimilated into the local Minoan culture (Winbladh 
2000, 86).  
 

Metals 
The numerous metal finds from Postpalatial West Crete and in particular the rich metal 
assemblages found in the tombs at Chania (Kydonia) are indications of the importance of the 
region in this period, perhaps due to its location near the Mycenaean mainland. This view is 
strengthening by the fact that a considerably portion of the new metal finds from LBA Crete 
are from recent excavations of tombs in Western Crete (e.g. Andreadaki-Vlasaki, 2005). Like 
the other regions, West Crete seems to have suffered from a relative shortage of metal, but the 
estimated metal amount (35 kg.) is almost as much as in Central Crete (38 kg.) (Tables 4.1 
and 4.2). 
 

Spatial distributions of metal 
The database contains 292 artefacts from Postpalatial West Crete, of which 95 % were found 
in burials from seven sites (Fig. 7.11). The amount of metal recorded so far is unevenly 
distributed: the major part is found in the cemeteries at Chania and Armenoi. From the latter I 
have recorded 216 finds from 64 tombs, of them 208 from the Postpalatial and 8 from the 
Final Palatial period: this means that about 30 % of the tombs yielded metal finds. The 
majority of the Armenoi finds are humble: ca. 60 % are small ornaments, but also prestige 
objects were found in the wealthier tombs: 35 daggers, 7 swords, 7 spearheads, 8 razors and 2 
vessels are recorded in my database. Mirrors, common in contemporary burials at Chania, are 
missing. The estimated average weight of the finds from Armenoi is only 0.007 kg. The 
burials at Chania were different. The tombs, which were used mainly for single burials, are 
scattered in cemeteries under the modern town and have been excavated piecemeal, plot by 
plot, over a long period of time. The excavation reports have been published mainly in Greek 
journals. (Andreadaki-Vlasaki 1988, 1991-93, 1994-46, 1999, 2002, 2004). Andreadaki-
Vlasaki has also published a welcome overview over the Chania Necropolis (Andreadaki-
Vlasaki 1997) and some tombs are presented in detail (e.g., Karanzali 1986 and Hallager, B.P. 
and McGeorge 1992). During the war German archaeologists excavated in West Crete, for 
instance at Monasteraki, Aptera and Diktynnaion (Matz 1951): they also re-organized the 
finds from the old Chania museum, which had been destroyed, into a new, the still operating, 
Chania Museum (Jantzen 1951). The finds include the metal finds from the Kydonia 
cemeteries. The 39 metal finds so far published from Postpalatial Chania are mainly prestige 
items: weapons, razors, mirrors and vessels, with an estimated average weight of ca. 0.25 kg., 
which indicates that Postpalatial Kydonia was a wealthy town. Other tombs in the region 
yielding metal finds are Kalami (Evely 1993, 6, 10, 11, 90, 92); Maroulas (Markoulaki 1989, 
383; Papadopoulou 2000-2001, 288), and Pangalochori (Godart and Tzedakis 1992, 97; 
Markoulaki and Baxevani-Kouzioni 1997, 293) on the north coast and Apodoulou (Tzedakis 
1988b, 403; Godart and Tzedakis 1992, 82, 84; Evely 1993, 33) in the Amari valley. The 
settlement finds are few: some small objects from Chania and two double-axes and one 
dagger from Samonas (Kanta 1980, 236; Evely 1993, 49). 
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In addition to impressive buildings and valuable finds, including the first Linear B tablet on 
Crete outside Knossos, the Greek-Swedish excavations at Chania have found evidence of 
metalworking throughout the Late Bronze Age: crucibles, pieces of slag and three ingot 
fragments (Stos-Gale, Gale and Evely 2000, 206). A combination of the assumed role of 
Kydonia as the administrative center of the region with wide international contacts, the ingot 
fragments found and the rich metal burial gifts fom the tombs indicates that metal might have 
been imported to the town. The ingot fragments are dated to the Neopalatial and Final Palatial 
periods, however, but two crucibles and some pieces of metallurgical spill and waste attest 
metalworking in the Postpalatial period also (Stos-Gale et al. 2000, 206). So far this is the 
only evidence of metal import and bronzeworking in Postpalatial West Crete, but most 
probably bronze workshops existed in the Armenoi area and in the southern part of the region, 
in the Amari Valley near Apodoulou with numerous metal finds (Tsedakis 1988a, 403; Godart 
and Tzedakis 1992, 82, 84). Evidence of Middle Minoan bronzeworking has recently been 
found at Pera Galinoi, a coastal site east of Rethymno (Tsivlika, Ε. and E. Banou, 2006), with 
a good harbor, but difficult land access. Bronzeworking on the site could perhaps have 
continued until the Postpalatial period, like at Poros-Katsambas.  
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Divisions of metal weight 
The balances between the estimated amounts of metal in utilitarian and prestige objects, and 
between the amounts of metal in circulation and those permanently deposited (Figs. 7.13 and 
7.14) on Postpalatial West Crete reveal the typical Mycenaean characteristics as in the other 
Postpalatial regions (Figs. 7.3, 7.4 and 7.8 and 7.9): metal seems mainly to have been used for 
prestige artefacts (Fig. 7.13), particularly weapons, and almost all metal finds are from burials 
(Fig. 7.14) and thus lost from circulation. In West Crete the proportion of metal used for 
utilitarian objects of the total metal amount is somewhat larger than in the other regions, due 
to the many knives and other tools that were deposited in the Armenoi tombs. 

 

 
Metal cycle 
As for the other regions I made a rough assessment of the distribution in the different phases 
of the hypothetical metal cycle of the ca. 35 kg. of metal recorded from Postpalatial West 
Crete, (Fig. 7.15). It reveals that almost all metal, 97 %, was found deposited in burials. The 
contexts of the published metal finds in the metal cycle do not reveal anything about the metal 
supply nor much about bronzeworking. The finds from the Chania workshop are few, but 
significant. The cycle reveals only that almost all metal was deposited in burials and lost from 
circulation. Baboula argues, however, that at Armenoi older burials often underwent 
secondary treatment and the deposited metal, dedicated collectively to the tomb, was taken 
out in the event of successive burials and returned to circulation, which is shown in Fig. 7.15 
(Baboula, 2000, 75). These burials acted thus in practice as temporary instead of as permanent 
hoards.  
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Metal profile  
The regional metal profile for Postpalatial West Crete on the basis of the preserved metal 
finds resembles the profiles for Postpalatial East and Central Crete in that metal seems to have 
been in short supply and the evidence of the metal supply is vague. 
i. Despite the central role of West Crete in the Postpalatial period the amount of metal 

found and the small size of the finds indicate metal shortage, as in the other regions. 
ii. Metal might have been imported to Kydonia, indicated by the ingot fragments from 

Kastelli, albeit dated to the Neopalatial and Final Palatial periods; the rich metal finds 
from the tombs at Chania and the assumed wide international network of the town. 
Finished artefacts might have been imported from the Mainland, with which Kydonia 
had close contacts. 

iii. Bronzeworking is attested at Chania, but the numerous finds from Armenoi indicate 
that a bronze workshop might have operated somewhere nearby, probably in the so far 
not identified settlement associated with the cemetery. 

iv. The raw material used by and the output from the Chania bronze workshop is not 
known: both imported ingots and scrap metal (perhaps imported) could have been used. 

v. As in East and Central Crete almost all metal found is from burials. The tombs at 
Chania, Kalami, Maroulas and Pangalochori had rich metal finds. The practice 
suggested for Armenoi of re-circulating grave gifts (Baboula, 2000, 75) might have 
been significant in areas with metal shortage. 
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Metals in society 
The small amount of metal found and an estimated average weight for artefacts of only 0.12 
kg. indicate that metal never played such an important role in Postpalatial West Crete as in the 
Knossian Kingdom and palatial Minoan Crete, despite its assumed role as the center for 
Postpalatial Crete. The small amount of metal found makes it difficult to understand and 
evaluate the different phases in the metal cycle: a general acknowledgement of the importance 
of metal in Postpalatial West Crete is sufficient. 
 
The evidence of bronzeworking, including ingot fragments from Kastelli-Chania (Stos-Gale 
Gale and Evely 2000) would imply an import of metal. The products of the workshop could 
perhaps have been distributed in the region indicated by the weapons from the tombs at 
Maroulas and Pigi. I believe, however, that weapons and other prestige metal items could also 
have been imported from the mainland. The main part of the metal used as raw material was, 
however, probably recycled, either locally collected damaged artefacts and or perhaps 
imported scrap metal. In the Armenoi region and the Amari Valley, metals handling might 
have included the collection of damaged artefacts, the manufacture of humble objects, and the 
deposition of the artefacts as burial gifts and probable even recirculation of the buried metal 
as mentioned above. The deposition of weapons and other prestige objects in the metal-rich 
single burials at Chania, Maroulas and Pangalochori reveals a different society: a pattern of 
lavish metal consumption by elite groups (Baboula 2000, 71). Despite the possibility that the 
motives for depositing metal in burials might have been different at Chania and at Armenoi, 
perhaps depending on the supposed Minoan population at Armenoi (Tsedakis and Martlew 
2007, 72), whilst Chania probable can be considered as mainly Mycenaean (e.g., Winbladh 
2000), I would regard both activities as socio-cultural; the metal deposition at Chania can, 
however, be seen as a form of hoarding, and could also have involved political aspects as 
strengthening the status of the elite and restricting the access to the metal. 
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PART III. RESULTS OF THE STUDY 
 

CHAPTER 8.  METALS IN SOCIETY 

Archaeometallurgy is one of the earliest manifestations of archaeometric research, using 
science-based approaches to address cultural-historical questions. 

Rehren and Pernicka 2008, 232. 
 
With the increasing number of databases on metal analyses....now available, it is becoming 
urgent to interpret these scientific results in social terms...  

Ottaway 2002, 1. 
 
 
8.1 INTRODUCTION 
 
In Aegean archaeology the use of archaeometallurgical data for interpretation of social, 
political and economic conditions represents a rather new approach, one which has 
emphasized the Early Bronze Age, “…a core region for archaeometallurgists,” (Rehren 2008, 
66). The apparent scarcity of systematic scientific data on metalwork from LBA Crete forced 
me to try to employ selected appropriate archaeological parameters both for the metal finds 
and for aspects of the metal record to address politico-economic questions and interpret the 
results in social terms. My approach is illustrated in Figs. 1.2 and 3.1. In this study not only 
are the metal finds used as the basis for the interpretations, but also the quantification of the 
metal record by metal weight, rather than the commonly used number of finds: these are new 
approaches in studies of Aegean Bronze Age societies. By supplementing the archaeological 
evidence with the (scanty) available information related to metals in the Knossian Linear B 
tablets, I attempt to identify and assess the following features of the metal systems on 
Neopalatial, Final Palatial and Postpalatial Crete: the availability of metal; metal import; the 
bronze industry; the role of recycling; the role of the non-palatial sector; the use of ingots; and 
finally, priorities of metal use for artefacts and metal deposition. I compiled my findings to 
make hypothetical regional metal profiles. Incorporating the recent views of the social 
situation on LBA Crete, I review the motives for and impacts of the activities related to 
metals handling as political, economic or cultural (see Chs. 5, 6 and 7). 
 
In this concluding summary I present my view of the main features of the metal systems and the 
role of metals in LBA societies on Crete in the Minoan Neopalatial, and the Mycenaean Final 
and Postpalatial periods. On the basis of my findings I try to discern possible metal strategies,62 
a catchword for strategies for metal import, metalwork production, metal distribution, use and 
deposition in the Minoan and Mycenaean palatial societies on Crete, societies that were forced 
to import all the metal urgently needed for their economic and social development. For this step 
I applied the general approach outlined by M.E. Smith, The ABCs of political economy (1991), 
in which the strategy in a political economy in early states is described in terms of three critical 

                                                
62  The term ‘metal strategy’ is strictly my own, used to describe a deliberate and conscious use of metals to 
achieve various aims. After I had written this section, I found the same term, used in the same way, in Needham 
1998, 306 
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components: Accumulation of economic resources, Bureaucratization, or professional control 
of the accumulated resources, and Capitalization, or putting the resources to work, which 
Knappett and Schoep adopted for the analyses of significant changes in the nature of palatial 
power from the Proto- to the Neopalatial periods on Crete (Knappett and Schoep 2000, 365-
366). Knappett later applied the ABC-strategies to an examination and interpretation of Minoan 
craft production (pottery) and long-distance exchange (Knappett 2002, 178-181). Due to the 
apparent changes in the metal system and the attitudes towards metals in the transition from 
Minoan to Mycenaean rule (Hakulin 2004, 25), and the differing development trends in the 
regions, I analyzed the metal systems separately for the Neopalatial, Final Palatial and 
Postpalatial periods in the three regionals, East, Central and West Crete. 
 

8.2 NEOPALATIAL PERIOD (MM III – LM IB) 
 
The metal record from Minoan Neopalatial Crete, comprising 32 intact copper oxhide ingots, 
six bun ingots, a wide range of bronze artefacts and good evidence for bronzeworking on 
numerous sites (Ch. 5.1) is unique in the LBA Mediterranean regarding the amount of metal 
preserved, the structure of the metal assemblage and the find contexts. In total I estimate that 
ca. 1500 kg. of metal have been recorded from the period, of which about 60 % in the form of 
ingots (Table 4.1). The large amount of the total metal found, the high estimated average 
weight for the artefacts (0.51 kg. per object, Table 4.3), and in particular the large amount of 
metal in the form of ingots kept in reserve for future use indicate that metal must have been 
abundantly available.  
 
The requirements for accumulation of such a metal quantity are a wealthy society having 
established relations with foreign elites and metal producers, sufficient valuable craft products 
and surplus of agricultural produce to be used as gifts or in exchange for bulk metal, a suitable 
infrastructure for metal import including safe harbors, ships and shipsheds, and an 
administration capable of managing all the complex transactions. Neopalatial Crete seems to 
have fulfilled these requirements. The basis was most likely established already in the 
Prepalatial period when a thriving bronze industry was developed on Crete, using metal 
imported from the Aegean,63 which expanded in the Protopalatial period, when the Minoans 
actively developed contacts with metal producers and trading centers in the Near East. The 
import of metal reached new levels and the bronze industry prospered, which is attested 
mainly by the large workshop in Quartier Mu at Malia (Poursat 1996). The height of the 
bronze industry seems to have been reached in the Neopalatial period (Ch. 5). The direct 
cause for the preservation of an abundance of metal, however, is apparently the vast 
destruction layers that covered the Cretan palaces and settlements in late LM IB and buried 
the metal in Greater Knossos, Malia, Hagia Triadha, Zakros and Mochlos, for instance (e.g., 
Georgiou 1979; Driessen and Macdonald 1997, 67-70 and Soles 2008a), and enabled us to 
find the rich inheritance of buried bronzes left by the rich Minoan culture.  
 
The metal seems to have been imported to several different harbors, of which some were 
probably at least to some extent controlled by Knossos: Poros-Katsambas (Dimopoulou 
2012), Amnisos (Schäfer 1991), perhaps Kommos (Shaw 2004; Knapp and Cherry 1994,  
                                                
63 See Branigan´s seminal study Aegean Metalwork of the Early and Middle Bronze Age  (1974), the more recent 
findings in Metallurgy in the Early Bronze Age Aegean (Day and Doonan eds. 2007), Aegean Metallurgy in the 
Bronze Age (Tzachili ed., 2008b passim), and Bassiakos and Tselios 2012. For origin of the copper in Early 
Minoan metal finds, see for example Stos-Gale 1993 and Gale and Stos-Gale 2007, 107. 
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138-141), Zakros (L. Platon 2004) and Pseira (Betancourt 2004); other harbors such as 
Mochlos might have been in the hands of private entrepreneurs and merchants. Many copper 
sources were tapped: LI analyses of the oxhide ingots were mainly consistent with an origin 
in old, still unknown sources, probably in Anatolia, or with Cypriot ore sources (Stos-Gale 
2011, 222-225, Tables 22.1 and 22.2). The best evidence of bronze workshops have been 
found in the harbor towns: at Poros-Katsambas, where metalworking had continued since the 
Early Minoan period (Dimopoulou 2012); at Mochlos, where it seems to have been a main 
activity in the Artisans’ Quarter from LM IB on the coast opposite the island (Soles 2003; 
Soles et al. 2004); and at Kommos in the southern area (Blitzer 1995, 500, J.W. Shaw 2006, 
725). For the workshops that must have existed in the palaces, the evidence is vague: the best 
evidence is from Zakros (L. Platon 1988, 180-190; Evely 2000, 341). The location of the 
potential harbors for metal import, and the bronze workshops are the best evidence of the 
important role of the non-palatial sector in the metal system. Dimopoulou argues that the 
Neopalatial period was the most prosperous time for Poros-Katsambas, yielding the largest 
volume of evidence of metalworking. In her opinion, a series of factors such as direct access 
to the imported raw materials seems to have favored autonomy of the metal workshops vis- à-
vis the palatial bureaucratic centralization and could challenge the official administrative 
control over workshop activity (Dimopoulou 2012, 136, 138, 140).  
 
Soles described the artisans living and working in the Artisans’ Quarter at Mochlos as 
independent, nucleated, kin-based, full-time specialists. They were apparently independent of 
elite control because of the type of goods they produced: largely every-day utilitarian goods 
that did not serve political needs but met a general economic demand around the Bay of 
Mirabello (Soles 2003, 97). The Mochlos workshop had many similarities with the larger 
workshops at Poros-Katsambas: both were situated on the coast near an important harbor, and 
might be better classified as commercial centers, the later Greek emporia, in that they were 
engaged not only in production, but also in distribution and trade of i.a. metals (Soles 2003, 
98-99). The population in the main settlement on the Mochlos Island possessed bronze 
foundry hoards, but apparently did not work bronze. They may have been provided the 
artisans with the raw material and may have distributed some of their products (Soles 2003, 
97). The importance of the non-palatial sector in the metal system is also attested by the rich 
metal hoards at Tylissos and Hagia Triadha, both of which, however, may have had palatial 
connections, but also at Palaikastro (Driessen and Macdonald 1997, 67-70) and Mochlos 
(Soles 2008a). See Figs. 5.1, 5.2, 5.6 and 5,7. The numerous intact ingots at Hagia Triadha 
and Zakros indicate, however, that the palaces probably imported the main part of the metal. 
 
The find contexts for the complete and the half copper oxhide ingot as well as a tin ingot at 
Mochlos indicate that metal ingots were not intended for use only as raw materials. The intact 
copper ingot was found in a pillar crypt in a ceremonial building with a conical cup placed 
upside down on top of the ingot (Soles 2008a, 155), and the half ingot in what Soles classifies 
as a trader’s hoard. Sheltered beneath the ingot lay a bronze sistrum. The owner may well 
have been a major dealer in the town’s metal commerce (Soles 2008a, 148-151). Soles 
explains the deposition of the tin ingot with a bronze trident in a foundation deposit as a 
possible offering to the Minoan goddess worshipped in this building (Soles 2008a, 153-154). 
These finds testify to the suggested ceremonial and religious connections with metal ingots, 
and the important role of religion in the Neopalatial society, but also that they were valuable 
exchange items.  
 
The use of the Hagia Triadha ingots has been much discussed, because a similar LI 
composition has not been found in any artefact from LBA Crete (e.g., Stos-Gale 2011, 225). 
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Stos-Gale argues that the presence of the ingots in a storeroom at Hagia Triadha suggests that 
they were put there as an asset or a status symbol, perhaps a diplomatic gift to the Minoan 
King (Stos-Gale 2011, 226). She explains the fact that they remained intact as further support 
for the conclusion reached from the LI anayses that shows the extensive use of copper from 
Aegean sources (Stos-Gale 2001, 204-206): there was no need to use these ingots, because the 
supply of copper was secure (Stos-Gale 2011, 228). I agree with her argument that the ingots 
might have been stored as an asset, but not with her idea that the copper in those ingots was 
not needed because the supply of copper was assured by Aegean (Lavrion, my comment) 
copper.64 Lavrion as a copper producer has been a vexing, much discussed question: one of 
the main opponents, Muhly, has argued, “‘Lavrion copper’ is an artefact of the 
archaeometallurgical literature over the past twenty years.” He continues saying that what the 
‘Lavrion’ isotopic signature relates to is the presence in the metal of Lavrion lead. In the Late 
Bronze Age so much Lavrion lead was in circulation that all alloyed copper came to be 
‘contaminated’ with Lavrion lead (Muhly 2009, 29-30). In his most recent article he argues, 
“… what is badly needed at the present time is a complete re-evaluation of the whole question 
of ‘Lavrion copper’,” (Muhly and Kassianidou 2012, 123). I have always been sceptical 
concerning Lavrion as a copper source because not a single ingot fragment consistent with a 
Lavrion provenance has been found on Crete.  
 
The use of the valuable metal for practical purposes such as tools and implements, for prestige 
items for strengthening the status and power of an elite, or for ritual objects may not have 
depended only on the owner of the metal, the market demand and on available raw material 
and technical skills, but also on what can be called the prevailing priorities for metal use in 
the society. My choice to quantify the metal finds by weight65 instead of by number of finds 
provides a means to compare the metal amounts used for different categories of bronze 
objects. The balances between the estimated metal weights used for utilitarian, prestige and 
ritual objects in Neopalatial East and Central Crete (Figs. 5.3 and 5.8) indicate that the main 
portion of the metal seems to have been used for utilitarian objects. The portion of recycled 
metal of the total metal used as raw material is impossible to know, but on the basis of the 
large quantity of utilitarian objects, probably of low tin-bronze (Mangou and Ioannou 1998, 
97, fig. 3), and of the foundry hoards containing damaged metalwork from Mochlos (Soles 
2008a), the portion of recycled metal of the raw material supply could have been significant.  
 
The common Bronze Age custom of deposition of metalwork in hoards of different type (e.g., 
Bradley 1985, 1988, 1990; Knapp, Muhly and Muhly 1988 and several articles in Pare ed. 
2000) seems not to have been a common practice on Neopalatial Crete. Exceptions are 
foundation hoards and ceremonial deposits (Soles 2008a). The proportions between the 
estimated amounts of metal in circulation and those permanently deposited (Figs. 5.4 and 5.9) 
indicate that the metal was kept in circulation: the portion of permanently deposited metal is 
small. Noteworthy is the scarcity of metal deposited in burials. The Neopalatial burial practice 
remains an enigma: the absence of archaeologically visible burials is widely known in a 
period when the population density was at its highest. Burial in unmarked shallow pits, open-
air exposure, or even burial at sea may have been practiced for the majority of the Cretan 
population. But some small-sized groups seem to have continued to receive archaeological 
visible burials, such as at the pithoi cemeteries at Sphoungaras and Pacheia Ammos and at 
Knossos (Hatzaki and Keswani 2012, 309-310). The Neopalatial cemetery at Poros “…shows 
                                                
64  LI analyses for Neopalatial bronze artefacts from Crete indicate Lavrion as the main copper source (e.g., Gale 
and Stos-Gale 2007, 108, fig. 7). 
65  Due to the scarcity of published weights for metal finds, by estimated weight, see Appendix II. 
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interesting experimentation with ostentatious mortuary symbolism that owes much to contact 
with the Mainland, including burials with weapons ,” (Preston 2004b, 138). On the basis of 
many special features of the tombs, for instance their unusually large size, Dimopoulou 
suggests that it was indeed the cemetery of the community, and not a group of tombs owned 
by families or social groups (Dimopoulou 1999b, 31). The deliberately hidden or stored metal 
that ended up in the LM IB destruction levels (e.g., Georgiou 1979; Driessen and Macdonald 
1997, 67-70) were surely intended for later retrieval, and I have classified the metal as being 
in circulation. That so many of these valuable collections were found in domestic contexts 
might imply that private wealth was considerable (Driessen and Macdonald 1997, 69).  
 
The use of metal for ritual purposes (Fig. 5.8) is an indication of the central role of the 
religion in Neopalatial Crete: deposition of bronze votives in peak sanctuaries and sacred 
caves seems to have been a common habit, but the items were mainly small and their effect on 
the total metal balance insignificant. The huge double-axe stands found in storage at Nirou 
Chani, probably intended for a ritual site as depicted on the LM III sarcophagus from Hagia 
Triadha, were, however, heavy items. If we accept the hypothesis that the bronze collection 
from the Arkalochori Cave had been collected from sanctuaries and hidden in the cave on its 
way to recycling (Rethemiotakis 1999a), it could be an indication of the suggested 
involvement of sanctuaries in metals circulation and trade (Karetsou and Rethemiotakis 1991-
1992). 
 
Despite there being no evidence of metalworking in rural areas and the scarcity of metal 
finds, the rural people, estimated by Branigan to about the half of the population (Branigan 
2002, 46, Table 3.4), most probably used bronze tools and implements perhaps acquired from 
workshops in the towns (Soles 2003, 130). One cause for the scarcity of metal in the record 
from rural areas could be the bias of archaeological activities that from the beginning have 
been focused on the main centers and elaborate finds -- metal finds are seldom recorded in 
survey projects, but see Georgakopoulou 2011. Another cause could be the long lifespan and 
high metal value of bronze tools, which when worn out were re-melted. A further point is that 
the numerous tools from rural areas with an unspecified LM dating recorded in my database 
are most probably from the Neopalatial period. 
 
On the basis of the features of the metal system in the Neopalatial society revealed by my 
analyses, and presented in Chapters 5.2 and 5.3, I argue that the assumed wealth on Minoan 
LBA Crete perhaps could be considered as one result of a successful politico-economic metal 
strategy. By adopting Smith’s ABC model for political economy (see above, Ch. 8.1) a 
possible metal strategy in the Neopalatial period could be summarized as follows: i) to 
maximize the Accumulation of metals for the living; ii) to apply a Bureaucratization 
including less strict control of the access to and availability of metal than had been supposed 
for the Mycenaean era, and iii) to Capitalize the accumulated metal by investing in skilled 
bronzesmiths and making tools, crucial for agriculture, construction, industry and different 
crafts, besides the production of weapons and other prestige items; or to quote Pare (2000), let 
metal make the world go round. The strategy seems to have been successful in that not only 
the palaces, but also the non-palatial sector prospered from the metals, as shown at Mochlos 
and Poros-Katsambas, where the import of raw materials, in particular metal, and 
metalworking contributed to the flourishing of the sites as industrial centers mainly in the 
Neopalatial period (Soles, for example 2004, 153; 2005, 57-58; 2008a, and Dimopoulou 
2012, 136-138, respectively). Even the scarcity of deposited metal in burials (Figs. 5.5, 5.10), 
can perhaps be regarded as a deliberate strategy for keeping the metal in circulation and 
promoting the availability of worn-out objects for recycling.  
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8.3 FINAL PALATIAL PERIOD (LM II – IIIA1) 
 
The Minoan culture per se ended at the end of LM IB when almost all settlements except 
Knossos were destroyed (e.g., Driessen and MacDonald 1997). The cause(s) of the 
destructions has been much discussed. Present excavators of Neopalatial sites concluded in a 
recent discussion that there were probably different causes on different sites: an earthquake, 
human agency or a social collapse (Brogan and Hallager eds. 2011, 640-644). But there seems 
to have been a consensus among the scholars that the Mycenaeans invaded Crete after the 
collapse of the Minoan culture and ruled the island from Knossos. The recently found warrior 
graves at Chania, dated to LM II (Andreadaki-Vlasaki 2005) have cast new light on the 
invasion: it is now thought that the Mycenaeans probably arrived in Western Crete before LM 
II, advancing from there to Knossos, and gradually expanded their rule, probably using 
coercive force and effective communication systems (Driessen and Schoep 1999, 389). On the 
basis of toponyms in the Linear B tablets, the territory ruled by Mycenaean Knossos, called 
the Kingdom of Knossos (see, for example, Driessen 2001b), was probably larger than under 
Minoan Knossos in LM I (Driessen and Schoep 1999, 389). Under the new rulers the socio-
economic conditions and cultural habits on the island were gradually changed, attested by the 
material remains: in particular, new innovative, mainland-derived tomb types and burial 
practices that were introduced at Knossos, dedicated entirely to a few individuals. The new 
customs appear to have functioned as a medium for status display. The initial use in LM II 
appears to have been confined to the Knossos area: it was only in LM IIIA2 that it spread 
across the rest of the island (e.g., Preston 2004a, 2004b.). But in some rural areas, for instance 
in the Mesara, Minoan cultural traditions seem to have remained for a long time (D’Agata 
2005, 109-110). That the Minoan Linear A script was changed to the Mycenaean Linear B 
indicates not only a change in language to archaic Greek, but also an increase in the 
bureaucracy, including more detailed accounts (Driessen and Schoep 1999, 390). 
 
The metal record from the Final Palatial period differs from the Neopalatial period in many 
respects, indicating that less metal seems to have been available and the values and customs in 
the society were changed. Almost all metal was found deposited in elite burials, concentrated 
in LM II to the Knossos area: in LM IIIA1, however, elite burials with metal finds appeared 
also in former secondary administrative centers such as Archanes, Phaistos and Malia, which 
had regained some independence, (e.g., Preston, 2004a), see Fig. 6.1. The metal record from 
Mycenaean Final Palatial Central Crete,66 in particular the concentration of weapons in the 
warrior graves at Knossos, indicates that warfare had become a central aspect of political 
power; the Knossian sword tablets in the Ra-series (Chadwick 1976, 171) attest that weapons 
were recorded and probably strictly controlled by the palace (Driessen and Schoep 1999, 
396). There might be other causes as well for the differences between the Neopalatial and 
Final Palatial metal records than the change in ethnicity, social values and customs: for 
instance, problems in the metal supply (see Ch. 6), a drop in population and number of 
settlements (e.g., Driessen and Macdonald 1997, 37-40, especially note 2), and biased 
archaeological activities (ever since Evans’ time, changing only rather recently, the focus of 
excavations on Crete was on Minoan palatial Crete).  
 

                                                
66 The published Final Palatial metal finds to date from East and West Crete are too few to enable regional metal 
analyses, and the Final Palatial period for these regions are discussed in the Postpalatial chapters 7.2 and 7.4.  
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I have estimated the amount of metal recorded from the Final Palatial period to only ca. 170 
kg., or about 11 % of the amount from the Neopalatial period (Table 4.1), and the estimated 
average weight of the artefacts to 0.28 kg., compared to 0.51 kg in the Neopalatial period 
(Table 4.3). The major part of the metal was used for production of prestige objects that ended 
up in burials (Figs. 6.3, 6.4), whereas in the Neopalatial period more metal was used for 
utilitarian objects found in circulation (Figs. 5.3, 5.4 and 5.8, 5.9). The underlying assumption 
related to the availability of metal has been that what is deposited below ground reflects the 
pattern in the circulation of metalwork above ground; correspondingly the abundance of 
buried metal in the Final Palatial period would be reflected in a plentiful circulation of metal 
and a model of a prosperous economy. The problem is the increasing realization that there is 
no direct causal link between the degree of wealth exhibited in the burials and existing social 
and economic structures (Baboula 2000, 71). In my opinion the estimated amount of 
preserved metal and the low average weight of the artefacts do not indicate a plentiful 
circulation of metal in the region: rather, the rich metal finds in burials indicate a selective 
metal use by a small elite. I believe, however, that the weapons and vessels in the Knossian 
burials were most probably manufactured on Crete, if they were not imported from the 
mainland. This would imply large amounts of copper and tin metal in some stage. No ingots 
have been found, however. This does not mean of course that they could not have existed: as 
is cited so often, lack of evidence does not equal evidence of lack. On the other hand 60 
copper oxhide ingots weighing a total of ca. 1.5 tons were recorded in the Oa-series of the 
Knossian Linear B tablets (Chadwick 1976, 142). We do not know when and by whom these 
ingots were imported, nor do we know the type of the ingots or the origin of the copper. One 
possibility that I suggest might be that the recorded ingots could have been imported already 
in the Neopalatial period and stored at Knossos for future use, like the ingots from Hagia 
Triadha and Zakros. In the Final Palatial period the new rulers could have found and recorded 
them in the Linear B archives. To summarize, with the presently available archaeological and 
textual evidence it does not seem possible to satisfactorily answer the still open question of 
the metal supply in the Final Palatial period; hopefully in the future, we will be able to do so 
with the help of more archaeometallurgical data.  
 
Like the metal finds, the evidence for bronzeworking is concentrated to the Knossos area (Fig. 
6.2), to the LM II workshop in the Unexplored Mansion. Several scholars have advocated the 
existence of a Knossian weapon workshop as well in LM II–IIIA (e.g., Sandars 1963, 126; 
Catling and Catling 1974, 243, 25; Driessen and Macdonald 1984, 64; Macdonald 1987), 
where the finest specimens of type Ci and Di swords were made. According to Sandars (1963, 
126) the evidence is stylistic unity, the high level of technical skills required and the 
concentration of these sword types in the Knossos area. To this evidence should be added the 
information gleaned from the Ra-series in the Knossian Linear B tablets, an inventory of 
considerable numbers of swords and daggers (Driessen and Macdonald 1984, 64; Macdonald 
1987). Catling and Catling suggest that skillful craftsmen from Neopalatial Knossos could 
have survived the collapse of the Minoan society and developed and produced the Mycenaean 
sword types in the palace (1974, 252). Despite the fact that many are convinced about the 
existence of a Mycenaean Knossian weapon workshop in the Final Palatial period, I argue 
that as long as archaeological evidence is lacking, it remains a hypothesis.  
 
The evidence for the LM II bronze workshop in the Unexplored Mansion at Knossos is 
convincing on the other hand: hundreds of metal finds including damaged objects, scrap and 
metallurgical waste and about 20 finds of refractory materials in the LM II destruction level, 
exemplarily investigated by Catling and Catling, (1984). Because not a single ingot fragment 
has been found among the hundreds of finds, one would assume that recycled metal might 
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have been used mainly as raw material. Surprisingly the excavators argue, however, that this 
workshop might have been involved in the Mycenaean palatial weapon production also, using 
as raw material fine metalwork of an earlier day that had been collected for recycling in a 
program of weapon production (Catling and Catling 1984, 207). I have some doubts regarding 
this hypothesis, however, because such production requires special control of formulas 
regarding the alloys, and the risks for mixing metals incorrectly and not succeeding are too 
great. Instead, I believe that the workshop could have been a center for metal recycling and 
re-manufacture of items that do not have such specific raw material requirements. Of the two 
workshops at Knossos, only the hypothetical weapon workshop might have had access to tin 
metal; the supply of tin metal would most probably have been restricted to certain weapon 
workshops (Baboula and Northover 1999, 151). On the basis of the concentration of the metal 
finds and the two workshops in the Knossos area the importance of the non-palatial sector 
seems to have been rather insignificant, but in the harbor towns of Kommos (Blitzer 1995, 
512, 515; J.W. Shaw 2006, 724, 728) and Poros-Katsambas, bronzeworking was still 
practiced; at the latter, however, apparently on a smaller scale than in the Neopalatial period 
and mainly using recycled metal as raw material (Dimopoulou 2012, 139). 
  
In contrast to the Neopalatial period the metal seems mainly to have been used for prestige 
objects (Fig. 6.3) and almost all metal found was permanently deposited in burials (Fig. 6.4), 
which reveals that the social emphasis shifted from the living to the dead. It could have had 
serious consequences for the society: if the buried metal was removed from circulation and 
the objects from use, the Mycenaeans would be forced to replace the losses with new metal if 
their intentions were to keep the amount of metal in circulation constant. If they had a scarcity 
of metal, then the number of utilitarian objects in circulation, mainly tools, would dimish, 
which could probably hamper economic activities such as construction and every-day work 
and in the long run result in a shortage of metal needed for recycling. On the other hand, the 
abundance of metal in the rich ‘bronze collections’ in the LM IB destruction levels, preserved 
until modern times, could have provided the Mycenaeans with more metal than they could 
use, if they only would have been aware of its existence.  
  
On the basis of my analyses of the archaeological and textual evidence for the metal system 
on Final Palatial Crete, I argue that the Mycenaeans seem to have employed a different 
politico-economic metal strategy than the Minoans did in the Neopalatial period. Metal must 
have been a crucial, strategic resource for the Mycenaeans as it was for the Minoans, but their 
motives for the search and import of metals, and the strategies applied for their use seem to 
have been different: whereas the Minoans might have considered the metal as a ‘prime mover 
of the whole economy’, for the Mycenaeans metal might have been mainly a means of 
strengthening the power and status of the elite. In ABC terms, the Minoan social emphasis on 
the living, through accumulation of metal in all forms in palaces and towns, seems in the Final 
Palatial period to have been replaced by Accumulation of prestige bronze objects in elite 
graves, which reveal a social emphasis on the after-life. The Bureaucratization, or control of 
metal and metalwork, in particular of weapons, was apparently greatly increased in the Linear 
B administration (e.g., Chadwick 1976, 142, 171; Driessen and Schoep 1999, 390). The 
Mycenaean way of Capitalizing on the metal seems to have been to invest in weapons needed 
for instance in extension and retention of their territory on Crete (Driessen and Schoep 1999, 
391) and strengthening the power and status of the elite on the island. Such a metal strategy 
would be in line with S. Sherratt´s characteristics of the Mycenaean palaces as client-based 
warrior societies with limited international contacts in comparison with the Minoan palaces 
on Crete, and by thinking in terms of routes rather than regions (S. Sherratt 2001, 238). 
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In comparison with the Neopalatial period the recorded metal finds from the Final Palatial 
period are rather few and the structure of the preserved metal record probably less 
representative for the Bronze Age situation, due to many gaps in the metal cycle (Fig. 6.5). 
Especially the question of the metal supply is problematic. With the gaps filled in with the 
information from the Linear B tablets regarding storage of ingots and weapons at Knossos, 
with the existence or not of the Knossian weapon workshop, and with my hypothesis that 
hidden Neopalatial copper oxhide ingots could have been found and used as raw material, the 
view of the metal system in the Final Palatial society presented above looks perhaps 
somewhat more reliable. But as cited many times, “Integrating the evidence from both 
sources – epigraphy and archaeology – is no easy matter,” (Driessen and Frankel 2012, 76).  
 

8.4 POSTPALATIAL PERIOD (LM IIIA2 – IIIB) 
 
There are two main conflicting views concerning the date of the final destruction of the 
Knossos palace: in early LM IIA2, which is supported by the majority of scholars and used 
also in this study, or in LM IIIB, supported mainly by Hallager (e.g., 1977). This question is 
crucial in the studies of Late Bronze Age Aegean.67 After the presumed major destruction of 
the Knossos palace, a series of regional centers regain a degree of independence. Settlement 
numbers are on the rise, with some sites becoming perhaps even international players like 
Chania, attested by evidence of Linear B administration (Godart and Tsedakis 1992, 103-6; 
Hallager and Vlasaki 1997, 174; Driessen and Frankel 2012, 76), and extensive trade contacts 
(e.g., Godart and Tsedakis 1992, 188; 1997; Kanta 1980, 288-9). Although various LM IIIA2 
and LM IIIB regional centers have been identified, the political landscape of Postpalatial 
Crete is less clearly understood than in the previous periods, due to both the assumed lack of 
archival data (Preston 2004a, 323) and excavated settlements. As in the Final Palatial period 
our present knowledge of the Postpalatial period is based mainly on mortuary evidence, but 
the tombs were spread all over the island, and seem to have represented a broader cross-
section of the population than in the Final Palatial period, when the elite burials were 
concentrated in the Knossos area (Preston 2004a, 140).  
 
In the Postpalatial period the estimated total amount of recorded metal is only ca. 130 kg., 
rather evenly distributed between East, Central and West Crete (Table 4.1). The estimated 
average weight of the bronze objects is only 0.15 kg (Table 4.3), which indicates a relative 
shortage of metal. The lack of settlement excavations from the Mycenaean era is reflected in 
the structure of the metal record: almost 90% of the amount of metal in my study material 
from this period was found in 210 tombs from 45 sites. Some tombs dated to LM IIIA2 
contained also larger prestige objects, as at Palaikastro, Myrsini and Pharmakokephalo in the 
East, at Knossos, Archanes, Hagios Syllas and Stamnoi in Central Crete, and at Chania and 
Kalami in the West (Figs, 7.1, 7.6, 7.11), indicating that sufficient, probably imported metal 
may have been available for the elite in these centers, or that the deposited objects were 
heirlooms from previous periods or imported, like the European bronzes from the end of the 
period (Bouzek 1985, B.P. Hallager 1985 and S. Sherratt 2000, 84-87). But the metal finds 
from the majority of the tombs, particularly at Armenoi and Mochlos, are small, every-day 
functional objects or ornaments, made from recycled metal (e.g., Dimopoulou 2012, 141), 

                                                
67 Some scholars have changed their view when new evidence has been found, for instance the Linear B tablet at 
Chania (Hallager and Vlasaki 1997) and the fact that the Linear B tablets from Knossos have different dates 
(Driessen 1997).  
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indicating a metal shortage. The widespread finds indicate, however, that the old custom of 
metal deposition in burials seems to have been a common practice among the whole 
population.  
 
The metal supply during the Postpalatial period is so far not quite clear. The only copper 
ingots recorded from Crete in this period, a period that represents the climax of maritime trade 
of bulk metal in the Bronze Age (Sherratt and Sherratt 1991, 372), are one half and one 
quarter of an oxhide ingot from ceremonial context at Hagia Triadha (Cucuzza et al. 2004) 
and six ingot fragments from LM IIIA2 / LM IIIB context at Kommos, probably all of 
Cypriot copper (Blitzer 1995, 500-501; Shaw and Shaw, eds. 2006, 726). Kommos, 
advantageously situated at the main interface and transshipment port between separate 
maritime circuits, most probably continued to import metal. The Knossian workshops had 
probably ceased to function, but bronzeworking seems to have continued at Kommos (Blitzer 
1995, 500-501; J.W. Shaw 2006, 726) and at Poros-Katsambas (Dimopoulou 2012, 139) at a 
small scale to produce utilitarian objects mainly from recycled metal for a local market. In 
eastern Crete an assemblage of refractory materials in a pit dated to LM IIIB at Palaikastro 
indicates manufacture of probably low-tin bronzes (Hemingway 1996; Catling 1997; Evely et 
al. 2012). These finds, combined with the rather rich metal finds in the LM III burials on the 
site (Ch 7.2, Fig. 7.1) and the presumed roles of Palaikastro and Kommos as international 
players might indicate that metal was also imported to the towns, either as ingots, artefacts or 
scrap metal, but no evidence has been found. At Chania small but important evidence for 
metalworking, and perhaps metal import have been found at Kastelli (Stos-Gale et al. 2000). 
Combined with the rich metal finds from the burials (Ch. 7.4, Fig. 7.1), it might indicate that 
probably even prestige objects could have been produced at Chania.  
 
During the whole Mycenaean era metal seems to have been used mainly for prestige objects 
(Figs. 7.3, 7.8 and 7.13), and almost all recorded metal finds were deposited in burials (Figs. 
7.4, 7.9 and 7.14), which as discussed above, could have resulted in a shortage of tools and 
practical implements, and in the long run a lack of recycling material. Baboula argues (2000, 
76), in my opinion correctly, that the metal shortage was to some extent the result of the elite 
practices of excluding access to metal (by depositing it in burials). This assumed metal 
shortage might to some extent have been compensated for by the first wave of European-type 
weapons, for instance Peschiera daggers, that in the beginning of the Postpalatial period 
reached Central Crete. At the very end of the period, a second wave of European-type 
weapons reached East Crete (Bouzek 1985; B.P. Hallager 1985; S. Sherratt 2000, 84-87). 
According to Sherratt they were distributed by something “… akin to a decentralized low-
level trade, which left a trail of such bronze goods at most of the major stopping places along 
the long-distance maritime routes from the central Mediterranean,” (S. Sherratt 2000, 87). In 
her discussion of the relative increase of imported metal grave-goods, Baboula (2000, 77) 
argues that it relates to the collapse of the central control of craftsmen, which resulted in a 
loss of skill: in burials local Cretan objects started to be replaced by fashionable exotica, such 
as Italian bronze daggers and knives. I believe, however, that this practice must have been 
limited to a small elite.  
 
Due to the dispersed political geography in the Postpalatial period, and the relatively small 
amount of metal recorded, I doubt that any deliberate metal strategy was applied, in contrast 
to the previous, palatial periods. Accumulation of metal in burials and Bureaucratizing of its 
management and control through restricting the access to metal could perhaps to some extent 
have been used in some centers, like Chania and Palaikastro, but hardly any Capitalization 
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might have occurred. In general the value of metal had changed: it was treated as an 
indication of material wealth, not of prestige (Baboula 2000, 76).  
 

8.5 CONCLUDING REMARKS  
 
This study is an attempt to increase the understanding of the role of metals in the LBA 
societies on Crete. By applying a new systematic, quantitative approach for analyzing the 
published, preserved metal finds and evidence of metalworking (Fig. 1.2, 3.1), I have been 
able to identify some general features of the metal systems in these societies, which I suggest 
might be the manifestation of deliberate metal strategies. The credibility of the results of the 
study depends to a great extent on how representative the structures of the preserved, selected, 
filtered, and distorted metal record left to us can be considered to be. My stand in this 
question has been that I consider it representative, and not only because it was the only 
possibility for conducting the study: however, the results of my analyses have to be regaded 
as hypotheses. Differences between the periods seem to be obvious. In general it has been 
assumed that metal finds deposited under ground, like the majority of the finds from the 
Mycenaean periods are better preserved than settlement finds. On the other hand the majority 
of the settlement finds from the Neopalatial period were found in LM IB destruction levels, 
and would thus theoretically be as well preserved as the metal deposited in burials. In any 
case, because the metal record from the Neopalatial period includes both an abundance of 
bronze artefacts, numerous extant oxhide and bun ingots from different types of find contexts, 
and convincing evidence of bronzeworking, an assemblage which I would characterize as 
exceptional in terms of completeness, and further, because every phase in the hypothetical 
metal cycle has yielded finds (Figs. 5.5 and 5.10), I consider that my results for the 
Neopalatial period might be more reliable than for the Mycenaean era. For these latter periods 
I believe that many object types used in the Bronze Age are missing from the record (perhaps 
due i.a. to biased archaeological activity, as mentioned above) and the many gaps in the 
Mycenaean metal cycles (Figs. 6.15, 7.5, 7.10 and 7.15), for instance regarding metal supply, 
weakens the representativeness of the record.  

 



CONCLUSIONS 

 131 

CHAPTER 9.  CONCLUSIONS 
 
In the Introduction (Ch. 1.3) I asked the following research questions: 
i. Does the method used here for the study of metals in all their forms work? 

ii. Can we discover the political-economic and cultural role of metal in the Minoan and 
Mycenaean societies, respectively, on Late Bronze Age Crete?  

iii. Can we see changes from one temporal division to another regarding metals, that is, 
from the Minoan world to the Mycenaean sphere in the Final Palatial and Postpalatial 
periods? 

iv.  If the answer is yes, what kind of changes are they? What do they reflect about the 
societies?  

v. How can the role of metals in the different periods be characterized?  

 
After having studied the assemblage of finds related to metalworking on LBA Crete, which I 
have collected from published sources and compiled in the database ΧΑΛΚΟΣ, with a new 
method I developed for this study (Fig. 1.2) for heterogeneous study material like this 
comprising all types of archaeological evidence for metalworking, I found the method to be 
successful. My material includes 2676 copper-based finished objects, 436 finds of copper 
ingots and other metal raw materials and 179 finds of metallurgical refractory material, which 
according to my calculations represent ca. 80-90 % of the published finds from the preserved 
record. As I maintain that one important aspect for understanding the role of metal in the 
society, that is, how the valuable imported material was used and how the total metal amount 
was distributed as seen in the archaeological record, the estimation of the weights of the metal 
finds has constituted an essential part of the study. After integrating these findings with the 
information of metals gleaned from the Linear B and A archives, and with recently published 
views of the political, economic and social situations in the Minoan and Mycenaean LBA 
societies on Crete, I assessed the role of metals in these societies, and summarize my answers 
to the research questions as follows: 
 

i. The method works 
ii. The importance of copper and tin in the LBA Eastern Mediterranean is attested by textual 

evidence from the Near East and by the volume of the bulk metal traded by the Uluburun 
and Cape Gelidonya shipwrecks. The access to and availability of these valuable metals 
from remote areas was crucial for the Minoan and Mycenaean LBA palatial societies on 
Crete (the Neopalatial and Final Palatial periods), lacking local ore sources: politically 
metal was crucial for the rulers as it was needed for the production of weapons and other 
prestige items which strengthening their status and power; economically metal was crucial 
for developing, supporting and maintaining the whole economy, through manufacturing 
tools for monumental building projects, shipbuilding, agriculture and crafts, and 
producing luxury and other artefacts used in international trade for metals; and socially 
metal objects were invaluable in households and as ceremonial objects. Evidence of the 
economic value of metal is its hoarding in troubled times and its storing in times of peace, 
and its social value is seen in the deposition of bronze objects in burials and as votives in 
sanctuaries. The importance of metals can also be revealed in the substantial investments 
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that were apparently required to complement or improve the infrastructure (such as 
harbors, administration, shipsheds, possibly ships and crews, and so on) and for the 
complex administration needed for the import of metal. In the Postpalatial period, on the 
other hand, presumed metal shortage and the small bronze objects found in tombs all over 
the island indicate a society where metals probably did not play such a central role as they 
did earlier in the palatial societies: they could have been seen as a commodity among 
others that was exchanged. Thus, their role in the society can be described as economic 
and social.  

iii. The metal record underwent significant changes during the 500-year-long time span it was 
studied here regarding the amount of metal, the type and size of the finds, and their spatial 
distributions and find contexts. A striking trend seems to be that the amount of metal 
preserved diminished markedly from the Neopalatial to the Postpalatial period: the 
changes were especially evident in the transition from the Minoan to the Mycenaean 
hegemony over the island at the end of LM IB, and after the final destruction of the 
Knossos palace early in LM IIIA2. Whereas metal seems to have been available in 
abundance in the Neopalatial period, attested by large bronze collections in LM IB 
destruction levels in palaces and other centers and 32 preserved intact copper oxhide 
ingots, the amount of metal in the record from the Final Palatial period is much smaller 
and the preserved amount of metal from the long Postpalatial period is even less. The 
location of the metal varies also from period to period. The Neopalatial period is unique 
for the Aegean LBA: despite surveys, excavations, etc., almost no Neopalatial tombs have 
come to light and the majority of the finds are settlement finds, to a great extent from non-
palatial sites, with a large proportion of the metal being used for tools and other utilitarian 
objects. The finds from the Mycenaean periods are concentrated in tombs: in the Final 
Palatial period, prestige items in elite graves in palaces, especially Knossos, and other 
centers and in the Postpalatial period small bronze objects in less ostentatious tombs 
found all over the island, including rural areas. I maintain that these differences in the use 
of metal mirror fundamental changes in the politico-economic and social situation in the 
LBA societies on Crete and in the attitudes towards metals and the role metal played in 
these societies. 

iv. In both the Minoan and Mycenaean palatial societies metals were a crucial, strategic 
resource, but the motives for acquiring them might have been different. The structure of 
the metal assemblages and the contexts of the finds in these societies could be regarded as 
the results of a deliberate strategy for metal import, use, and deposition, or a politico-
economic metal strategy. The Minoans might have considered metal mainly from an 
economic point of view: the ‘ABC features’ of their metal strategy can be characterized as 
maximizing the Accumulation of metal in palaces and other centers in the form of ingots 
and bronze objects; as minimizing the control of access and circulation 
(Bureacratization); and as Capitalizing on the metal by putting the resources to work by 
investing in skilled bronze-smiths and making tools needed in all sectors of the society. 
The Minoan elite (like Pare ed. 2000) seems to have understood the importance of the 
expression “Metals make the world go round”, through a less strict control of the metal 
supply, use and circulation, instead of focusing on the manufacture of prestige objects, 
which strengthened the status and power of the elite and ended up as burial gifts. Through 
this strategy not only the palaces but also the non-palatial sector seem to have had 
opportunities to prosper from the imported metal, a sign of what could be called a more 
flexible society. Even the paucity of metal-rich burials might perhaps be interpreted as due 
not only to religious customs but perhaps also to a deliberate strategy to keep the metal in 
circulation and in this way reduce the need for a continuous import of new metal.   
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For Mycenaeans, on the other hand, the acquisition of metals seems to have been 
primarily a means of strengthening the power and status of the elite, which indicates a 
strongly hierarchical society, in which the Minoan accumulation of abundant and varied 
metal in palaces and other centers was replaced by Accumulation of metal in the form of 
weapons and other prestige bronze objects found in ostentatious warrior and elite graves at 
Knossos, and an apparent metal shortage in the non-palatial sector. The 
Bureaucratization, or control of metal supply and circulation, seems to have increased 
strikingly. The Mycenaean way of Capitalizing metal could have been through investing 
in weapons needed in the extension of their territory on Crete by coercive force and 
export. So far the metal record has yielded only some few bronze objects intended for 
practical purposes. In my opinion the role of metals in the Mycenaean palatial society on 
Crete was mainly political. In Postpalatial Crete the importance of metals seems to have 
been less important than in the palatial societies, as a result of the decreasing amount of 
metal available. 

v. In conclusion I would characterize the role of metals in the Minoan Neopalatial society as 
the prime movers for the economic development of the whole society, whereas in the 
Mycenaean Final Palatial period metals seem to have been regarded mainly as a means for 
generating status and power for an elite. In the Postpalatial period metals seem to have 
been one commodity among others, to which the whole population had access.  

 
My approach in studying the Minoan and Mycenaean societies on LBA Crete in a 
systematic, quantitative way is new in three respects: i) to my knowledge, Aegean Late 
Bronze Age societies have not been investigated earlier from a metal-centered view; ii) the 
study is holistic in the sense that all types of evidence of metalworking are considered, and 
iii) the metal finds are quantified by weight, not by the number of finds. My results and 
conclusions must, however, be considered as only one possible hypothesis, due to two 
factors: the preserved metal finds represent only a (undoubtely small and) unknown 
percentage of the amount of metal in circulation during the Bronze Age, and the palatial 
Cretan societies might have been much more complex and developed than has been 
assumed through an interconnection of the entire LBA Eastern Mediterranean area by a so 
far not fully understood complex network of cultural, political and economic relations. 
When more archaeometallurgical data hopefully become available in the future, our 
understanding of the role of metals in the LBA societies on Crete will probably rise to new 
heights 
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I.1 STRUCTURE AND CONTENTS 
 
I have especially designed the database ΧΑΛΚΟΣ in order to facilitate working with my study 
material of copper and bronze in all its forms (finished copper-based objects, copper ingots and other 
metal raw materials used in the bronze industry as well as metallurgical refractory material) found on 
Late Bronze Age Crete. The first version of the database was made for my Master’s Thesis, 
Bronzeworking on Late Minoan Crete: A diachronic study (Hakulin 2004). It was implemented with 
the Apple-works database program in an iMac computer. For this study the database was transferred 
to a FileMaker application and used in a Mac iBook G4. The database was enlarged by recently 
published finds and data and its use was improved by adding new functions. The computer work for 
the first version was made by Raimo Haapakorpi and the work related to the transfer of ΧΑΛΚΟΣ to 
a new environment and its further development by Pekka Tapiomäki. 
 

 
 

Fig. App. I.1 ΧΑΛΚΟΣ database. Structure 

 

The content of ΧΑΛΚΟΣ comprises published data and information of 2676 copper-based 
finished objects, from 143 sites, 436 finds of ingots and other metal raw materials used in the 
bronze industry from 12 sites, and 179 finds of metallurgical refractory material from 11 sites, 
all found on Crete and dated to the Late Bronze Age. The information has been published 
during more than one hundred years of archaeological excavations on Crete, and collected from 
a wide range of sources: excavation reports, catalogues, metal studies, conference proceedings, 
and journal articles in English, Greek, French, Italian and German. The material is massive, and  
of rather great variability. I roughly assess that it covers ca. 80-90 % of the so far (2012) 
published finds. 
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The structure of ΧΑΛΚΟΣ is presented in the diagram (Fig. App. I. 1). It is organised in three 
main files: for Bronze objects, Ingots and other raw materials and for Metallurgical refractory 
materials. Additionally published LI analyses and metal weights are collected in separate files. 
Auxiliary files contain the parameters and codes used for describing the finds (see App. 2), 
description of the outprints of “standard reports” from the database (see App. 1.3), as well as the 
bibliographical references related to the finds. I have also planned to collect more detailed 
descriptions and information of special finds in a separate file. 
 
I have characterized the finds, their find contexts and their present locations using up to 33 
different parameters, depending on how much information has been available. They are stored 
as codes or abbreviations presented in App. I.2. The published values are stored for dimensions, 
weights and elemental analyses. 
 
Bronze object and ingot finds are characterised by the following parameters (if appropriate and 
available): 

•  findspot, 5 parameters (site, context, region, location and site type); 
•  dating, 2 parameters (period and date); 
•  description, 4 parameters (object type, object, functional categories and condition of 

the find); 
•  dimensions etc., 6 parameters (length, width, height, rim diameter, thickness and 

weight); 
• alloy composition, 10 parameters (analysis method, % of Cu, Sn, As, Pb, Zn, Fe, Co, 

Ni, Sb, Ag), 
• provenance for Cu, 1 parameter, 
• present location, 2 parameters (museum, museum number); 
• references, max 3 parameters (bibliografical references) 

 
The refractory material finds are characterized by up to 20 parameters, of which two are 
specific for this file: the material of the find and a larger field for notes on special features.  
 
The parameters in ΧΑΛΚΟΣ can be freely searched and sorted. In the basic output of the 
database, the Codified Master Layout, all parameters are shown as codes or abbreviations 
except the references. In the Standard Reports, made for some selected common searches, e.g. 
mirrors by site, the results of a search are presented in a more user-friendly way: the codes are 
given in full text. Examples of the printouts are presented in Apps. I.3 – I.6.  
 
This study will be published in the first stage as a printed book available also full-text on the 
web. For the near future there are plans to make ΧΑΛΚΟΣ available in Greece and hopefully 
also provide for its updating. 
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Number   No   
Site    Site (abbr.) 
Context   Co (text)  
Region   G 
 Unspecified  0 
 East Crete  1 
 Central Crete  2 
 West Crete  3 
Site location   L 
 Unspecified  0 
 Coastal site  1 
 Inland site  2 
Site type   S 
 Unspecified  0 
 Palace   1 
 Palatial house  2 
 Town   3 
 Villa   4 
 Rural site  5 
 Tomb   6 
 Cave   7 
 Other sanctuary 8 
 Other site  9 
Period    Pe 
 Unspecified LM 0 
 Neopalatial  1 
 Final Palatial  2 
 Postpalatial  3 
Date    Da 
 Unspecified  0 
 MM IIIA  1 
 MM IIIB  2 
 LM IA   3 
 LM IB   4 
 LM II   5 
 LM IIIA1  6 
 LM IIIA2  7 
 LM IIIB  8 
 
Object type   Ot 
 Unspecified  0 
 Chisel   1 
 Knife   2 
 Double-axe  3 
 Single-axe  4 
 Double-azde  5 
 Axe-adze  6 
 Pick-adze  7 
  

 

 
Saw   9 

 Drill   10 
 Hammer  11 
 Awl, point, punch 12 
 Needle pin  13 
 Nail, rivet   14 
 Stake-head  15 
 Cutter   16 
 Scraper  17 
 Sickle   18 
 Tongs   19 
 Other tools  20 
 Mirror   21 
 Razor   22 
 Tweezers  23 
 Vessel   25 
 Sword   31 
 Dagger   32 
 Spearhead  33 
 Arrowhead  34 
 Spear buttspike 35 
 Helmet   36 
 Cult-axe  40 
 Cult double-axe 41 
 Figurine, male  42 
 Figurine, female 43 
 Figurine, other  44 
 Necklace  45 
 Ring   46 
 Bracelet  47 
 Beads   48 
 Pendants  49 

Earring   50 
Hairpin  51 

 Balance pan  52 
 Fish hook  53 
 Hinges   54 
 Staple   55 
 “Cones”  56 
 Inlay   57 
 Other objects  60 
 Oxhide ingot  61  
 Bun ingot  62 

Unspec. ingot  63 
Scrap metal  70 
Waste, spill  71 
Wire, strips  72 
Bar, rod  73 

cont. 

Parameters and codes in the database 
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Sheet metal  74 
Metal lump  75 
Slag   76 
Other remains  79 
Crucible / stem 80 

 Crucible / hemisph. 81 
 Crucible / other 82 
 Mold / stone, open 83 
 Mold / stone, dbl 84 
 Mold / clay  85 
 Mold / other  86 
 Tuyére   87 
 Pot bellows  88 
 
Object categories  Og 
 Tools   1 
 Pers. items  2 
 Vessels  3 
 Weapons  4 
 Ritual obj.  5 
 Ornaments  6 
 Misc. obj.  9 
 Ingots   11 
 Metal remains  12 
 Other remains  13 
 Crucibles  15 

Molds   16 
Tuyères  17 

 Pot bellows  18 
 
Functional category  Oc 
 Unspec  object  0 
 Utilitarian object 1 
 Prestige object  2 
 Cult object  3 
 
Object condition  Cn 
 Unspec.  0 
 Complete  1 
 Near complete  2 
 Half complete  3 
 Fragment  4 
 
Object typology  Ty 
 Cauldron  1 
 Tripod   2 
 Broad pan  3 
 Pan   4 
 Krater   5 
 Amphora  7 

 Hydria   8 
 Ewer   9 
 Spouted jug  10 
 Basin, laver  11 
 Cup   12 
 Vapheio cup  13 
 Kylix   16 
 Lekanai  17 
 Bowl   18 
 Ladle   19 
 Lamp   20 
 Ashtray, brazier 21 
 Sieve   22 
 Vessel, other  24 

Sword, no rivets 30 
 Sword, Type A 31 
 Sword, Type B 32 
 Sword, Type Ci 33 

Sword, Type Cii 34 
Sword, Type Gi 35 
Sword, Type Gii 36 

 Sword, Type H 37 
 Sword, Type Di 38 
 Sword, Type Dii 39 
 Sword, Type Fi 40 

Sword, Type Fii 41 
Unspec. fragm. 42 
Type Naue II, sword 43 
Unspec. dagger 45 
Tangless, dagger 46 
Dirk   47 
Peschiera, dagger 48 
Unspec. knife  49 
One-edged, knife 51 
Two-edged, knife 52 
Blade   53 
Leaf-shaped, razor 55 
One-edge, razor 56 
Shoe-socketed,  

Höck. A-B 57 
 Shoe-socketed,  

Höck. C-D 58 
 Shoe-socketed,  

Höck. E-G 59 
 Tube-socketed,  

Höck. H-I 60 
 Tube-socketed, 

Höck. H-I 61 
 

Parameters and codes (cont.) 
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Length, cm   L 
Width, cm   Wi 
Thickness, cm  Th 
Height, cm   He 
Diameter, cm   Dia 
Weight, kg   We 
Analytical method  AMe 
Copper, %   Cu 
Tin, %   Sn 
Arsenic, %   As 
Lead, %   Pb 
Zinc, %   Zn 
Iron, %   Fe 
Cobalt, %   Co 
Nickel, %   Ni 
Antimony, %   Sb 
Silver, %   Ag 
Provenance   Pr 

n.a.   0 
Kythnos  1   

 Lavrion  2 
 Cyprus / Apliki 3 

Cyprus / other  4 
Bolkardag  5 

 Aladag   6 
 Sardinia  8 
 Unknown  9 
Museum   Mus (abbr.) 
Museum no.   MusNo 
Reference   Ref 
 

Parameters and codes (cont.) 
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Abbr  Site  G L S 
Ach  Achladia  1 2 4 
Adr  Adromyloi  1 2 6 
AgC  Ag-cup / tomb  2 2 6 
Akr  Akropoli  grave  2 2 6 
Amd  Amygdalois  1 2 0 
Amn  Amnisos  2 1 3 
Apd  Apodoulou  3 2 5 
Api  Apidi  1 2 6 
Apo  Apostoli  3 2 6 
Arh  Archanes  2 2 3,6,8 
Ark  Arkalochori  2 2 7 
Arm  Armenoi  3 2 6 
Arv  Arvi  1 1 5 
Ath  Athanatoi  2 2 6 
Axo  Axos  3 2 0 
Ber  Berbani  0 0 0 
Cha Chania  3 1 3,6 
Che  Chersonisos  2 1 0 
Cre  Crete  0 0 0 
Dre  Dreros  1 2 6 
EkP  Episkopi / Ped.  2 2 6 
Elk  Elakhanes  0 0 0 
Elo  Elounda  1 1 0 
EpP  Eparchia  Pedias  2 2 0 
Gal  Galia  2 2 6 
Gaz  Gazi  2 1 6 
Gon  Gonies  3 2 5 
Gor  Gournes  2 2 6 
Gou  Gournia  1 1 3 
Gra  Graditsa  0 0 0 
Grv  Grivigla  3 2 8 
Gyp  Gypsades  2 2 6 
HaG  Hagios Giorgos  1 2 6 
HaI  Hagios Ioannis  2 2 6 
HaS  Hagios Syllas 2 2 6 
HaT  Hagia Triadha  2 2 4,6 
Hel  Helenes  3 2 5 
Her  Heraklion  2 1 0 
IdC  Idean Cave  3 2 7 
Iep  Ierapetra  1 1 0 
Iso  Isopata  2 2 6 
Ita  Itanos  1 1 4 
Iuk  Iuktas  2 2 8 
KaC  Kalo Chorio  1 2 5 
KaE  Kato Episkopi  1 2 6 
Kal  Kamilaris  2 2 6 
Kam  Kamares  2 2 5,7 
Kar  Kardamoutsa  0 0 0 
Kas  Kasanoi  2 2 6 

Abbr  Site  G L S 
Kat  Katsambas  2 1 3,6 
Kav  Kalamvaki  1 2 0 
Kek  Keratokambos  1 1 0 
KeL  Kera Limanotissa  2 1 6 
Kep  Kephala  2 2 2 
Kha  Kharakas  0 0 0 
Khf  Kalochorafitis  2 2 6 
Kho  Khonos  1 2 0 
Kla  Kalami  3 1 6 
Kly  Kalyvia 2 2 6   
Kma  Kalamavka  1 2 6,5 
Kno  Knossos  2 2 1,2 
Kom  Kommos  2 1 3 
Kop  Kophinas  1 2 8 
Kos  Kastellos  1 2 0 
Kou  Kouphi 3 2 0   
Kra  Krasi  2 2 5 
Kri  Kritsa  1 2 0 
Kts  Karteros  2 2 6 
Las  Lasithi  2 2 0 
Lat  Lastros  1 2 6 
Lig  Ligortinos 2 2 6 
Lou  Loutraki  3 2 4 
Mak  Makryyialos  1 2 4 
Mal  Malia  2 1 1,2 
Mar  Maroulas  1 2 0 
Mas  Mavrospilia  2 2 6 
Mat  Martha  1 2 0 
Mel  Melidoni  2 2 7 
Mes  Mesara  2 2 0 
Mil  Milatos  1 1 6,0 
MkK  Makares Klimat. 0 0 0 
Moc  Mochlos  1 1 3,6 
Moh  Mohos  2 2 0 
Moi  Moires  2 2 6 
Mol  Mouliana  1 1 6 
Mon  Moni  3 2 6 
Mor  Moria  2 2 6 
Mou  Mouri  2 1 0 
Mvr  Megali Vrisi  2 2 0 
Myr  Myrsini  1 1 6 
NeC  Neo Chorio 2 2 6  
NeH  New Hospital 2 2 6  
Nek  Nerokourou  3 2 4 
NiC  Nirou  Chani  2 1 4 
Olo  Olous  1 1 6 
Paa  Pakhyammos  1 1 6 
Pak  Palaikastro  1 1 3,6 
    cont. 

Abbreviations and coding of sites 
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Abbr  Site  G L S 
Pan  Pangalochori  3 2 6 
Pat  Patso  3 2 7 
PaZ  Pano  Zakros  1 2 0 
Pet  Petsofas  1 2 8,6 
Pha  Phaistos  2 2 1,2 
Pho  Phodele  3 2 0   
Pig  Pigi  3 2 6 
Pik  Piskokephalo  1 2 0 
Pin  Pines  1 2 0 
Pla  Plakoures 0 0 0 
PoK  Poros-Kats.  2 1 3,6 
Pom  Pompia  2 2 6 
Pra  Praisos  1 2 5 
Pse  Pseira  1 1 3 
Psy  Psychro  1 2 7 
Ret  Rethymno  3 1 0 
RoE  Roussaias Ekkl. 1 2 0 
Rog  Rogdia  3 2 0 
Rou  Routasi  2 2 5 
Sam  Samonas  3 2 5 
Sek  Selakhanos  1 2 7 
Sel  Sellopoulo  2 2 6 
Sit Sitia  1 1 0 
Ska  Skalia  1 2 5 
Ski  Skinias  1 2 0 
Skl  Sklavokampos  1 2 6 
Sko  Skoteino  2 2 7 
Skv  Sklavoi  1 2 6 
Spa  Sphakia  3 1 0 
Sph  Sphaka  1 2 6 
Spo  Sphoungaras  1 1 6 
Sta  Stavromenos  1 2 4 
Stc  Stavrochori  1 2 0 
Ste  Sternes  1 2 4 
Stm  Stamnioi  2 2 6 
Sty  Styrana  0 0 0 
Syb  Sybrita  3 2 5 
Syk  Sykologos  1 2 0 
Sym  Syme  1 2 8 
Tef  Tefeli  2 2 6 
Tou  Tourloti  1 1 4 
Tro  Trochali  Loc. 1 1 0 
Tyl  Tylissos  3 2 4 
Vai  Vai  1 1 4 
Vas  Vasiliki  1 2 0 
Vav  Vavari 0 0 0 
Vor  Vorou  0 0 0 
Vrs  Vryses  1 2 6 
Vry  Vrysinas  3 2 8 

Abbr  Site  G L S 
Zak  Zakros  1 1 1,2 
ZaP  Zapher  Papoura  2 2 6 
Zir  Ziros  1 2 5 
Zou  Zou 1 2 4 
 
Coding of sites    
 
G = region 
 0  Unknown  
 1  East Crete 
 2 Central Crete 
 3 West Crete 
 
L = geographical location 
 0 Unknown 
 1 Coastal site 
 2 Inland site 
 
S = Site type 
 0 Unknown 
 1 Palace 
 2 Palatial building 
 3 Town 
 4 Villa 
 5 Village 
 6 Tomb 
 7 Cave 
 8 Other cult place 
 9 Other 

Abbreviations and coding of sites 
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Abbr. Museum      
AshM  Ashmolean Museum, Oxford 
AthM  National Archeological Museum, 

Athens  
BarC  Collection Barbier, Geneva 
BenM Benaki Museum, Athens  
BerM  Antikenmuseum, Berlin  
BosM  Museum of Fine Arts, Boston  
BriM  British Museum, London  
Fogg  Fogg art Museum, Cambridge, USA  
CaUM  Cambridge University Museum 
ChaM Archaeological Museum, Chania 
FiwM  Fitzwilliam Museum, Cambridge  
GiaC  Giamalakis Collection, Heraklion  
HM  Archeological Museum, Heraklion  
HNM  Archeological Museum, 

HagiosNikolaos 
IerM  Archeological Museum, Ierapetra  
LeiM  Rijksmuseum, Leiden  
LonM  Museum of London  
Louv  Louvre, Paris  
MaM  Collection Borély, Marseilles  
MeC  Metaxa Collection, Heraklion  
MeM  Metropolitan Museum, New York 
OrtC  Collection Ortiz, Geneva  
PhiM  Philadelphia Museum, USA  
PigM  Museum Luigi Pigorino, Rome  
RetM  Archaeological Museum, Rethymnon  
RoM  Museum Villa Giulia, Rome  
SaOM  Museum Saint-Omer  
SciC  Scientific Collection, Heraklion  
SM Siteia Museum 
StraM  Stratigrafical Museum, Knossos  
WieM  Kunsthistorische Museum, Wien  

ABBREVIATIONS OF MUSEUMS 
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APP. I I. 1 PUBLISHED WEIGHTS 
 
In Aegean archaeology it has not been common practice to publish the weights of copper-based 
artefacts in excavation reports (Michailidou 2001, 97, note 97). Weights of only 167 objects of the 
2676 objects stored in my database have been published, of them 137 weights of complete or near 
complete objects, which are used in the estimation. Some weights are accurate, others seem to be 
rounded off. The weighed objects are unequally distributed among the object types: whereas there 
are 19 weights of complete or near complete chisels and 23 weights of complete or near complete 
axes and adzes, the weights of weapons and vessels are almost lacking. The main part of the 
published weights is of tools from Zakros and from recent excavations at Mochlos and Kommos. 
Michailidou has weighed 28 cult axe-heads from Juktas for her study on their possible monetary use. 
Of the ten weights from Knossos the most are of finds from the LM II workshop in the Unexplored 
Mansion. The rest of the weights are mainly of spectacular finds like the huge cauldrons from 
Tylissos and the bronze helmet from the New Hospital cemetery near Knossos. For many of the 
Cretan objects in the Ashmolean museum in the database the weights are published.  
  
The published weights of the finds in my study material were not sufficient for even a rough 
estimation of average weights of common object types. For comparison I used therefore published 
weights of contemporary objects of similar types from nearby regions and weights of bronze objects 
recorded in the Linear B archives and Near Eastern texts. The 51 weights from other regions are 
mainly of objects from Akrotiri, published by Michailidou, and of objects from the Uluburun 
shipwreck, published in the exhibition catalogue. From the Peloponnese hardly any weights of 
bronze objects have been published (Kayafa, personal comm.). Michailidou has collected and 
published the weights of bronze objects recorded on Linear B tablets and in Near Eastern texts 
(Michailidou ed. 2001, 91-99). Weights of weapons are found in the Jn series from Pylos and the Ra 
series from Knossos (e.g. Chadwick 1973, 356, 360-61), but no weights of tools and vessels. The 
weights of bronze objects in Near Eastern texts are found mainly in earlier tablets from the UR-III 
period, the Hittite tablets, especially the so-called “Metal Inventories”, the Mari archives and in 
Egyptian sources. Among them are weights of tools, vessels and weapons. In total I have used 56 
weights from textual sources. These weights from other regions and textual sources are of the same 
order of magnitude as the actual weights for Cretan objects. All weights used in the estimations are 
compiled in Table App II.1. The published weights with bibliographical references are presented by 
object type as endnotes to the table. 
 
The weights of the intact copper oxhide ingots have always been recorded and published adequately, 
perhaps because the ingots were once considered to have had a monetary function (e.g. Muhly 2009, 
18-21). Ingot fragments, scrap metal and other metal raw materials have, however, been recorded 
only in recent excavations; in the reports from Mochlos and Kommos dimensions and weights are 
published even of very small finds (for Mochlos, see Soles and Stos-Gale 2004 and Soles and 
Davaras eds. 2011, for Kommos Blitzer 1995, 500;  J.W. Shaw, 2006, 725 as well as M.C Shaw and 
J. W. Shaw eds. 2012, 75-77). 
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APP. II. 2 ESTIMATION METHODS 
 

My aims were to estimate the average weights of the different types of bronze objects by period, and 
in this way the total preserved metal volume of the published bronze objects on LBA Crete. Due to 
the scarcity of published weights of the Cretan objects, available information of other type  had to be 
used in the estimation. This information included: i) dimensions of the finds in the database, in 
particular lengths and diameters, ii) published weights of similar  objects from nearby regions, and 
iii) information of weights of bronze objects gleaned from the Linear B archives and Near Eastern 
texts. Due to that the available data for different object types and their shapes vary considerably, the 
same method could not be used for all object types. I decided therefore to use simple, pragmatic 
methods, tailor-made for each object type, presented below: 
 
The estimation methods used can roughly be divided in following groups:  

i. Methods used for objects with a simple shape, for which a sufficient number of weights 
and particularly dimensions (mainly length) are available. The average weights are 
estimated by combining these two data sets. Chisels and knives are typical examples. 

ii.  Methods used for objects with a simple shape, for which almost no weights but sufficient 
dimensions, as lengths, are available. The estimation is based on comparison with other 
object types of rather similar size or form, for which average weights can be estimated by 
Metod i. Razors are a typical example. For weapons average weights in the Final palatial 
period can be calculated from information in Linear B, and average weights for other 
periods estimated on the basis of these weights and the published length of the finds. 

iii. Other methods, for instance based on an estimated metal volumes and the specific weight 
for copper. The method is particularly used for mirrors with only one actual weight 
published, for which diameters and thicknesses are available in general. 

iv. The estimation of the weights for vessels is most problematic; their shape and size vary 
considerably and almost no weights are available. The only weights from Cretan vessels 
are for the huge cauldrons from Tylissos, which are of no value in the estimations due to 
their exceptional size. The best comparable weights are from Akrotiri. In Near Eastern 
texts some weights for bronze vessels are found. Therefore I decided to very roughly 
assess an average weight for each vessel type on the basis of this information (see below). 

v. For small objects types, which weights are insignificant for the total metal volume, I used 
the same assessed or published weight for all finds, or assessed a rough total weight of all 
finds of this type.  

I believe that both the average weights by object type and period, and the total weights by object 
type, period and region estimated in this way (Tablets 4.1, 4.2, and 4.3), most probably will be of the 
right order of magnitude for the published bronze objects from LBA Crete that could be considered 
as sufficient in a macro-scale study like this.  
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APP II. 3 WEIGHT ESTIMATION 
 

The estimation of the weights I present in three parts: 
 i) The compilation of weight estimation by object type is a brief overview by object type of 

available data, method used and estimated average and total weights; 
 ii) The Table App. II.1  Published weights and est. average and  total weights by object type  

and period.  
iii) The end-notes to the table, listing by object type the published weights used in the 

estimation,  with bibliographical references.  
 
 

Compilation of weight estimation by object type 
 
TOOLS 
1. Chisels1    
Total 180 finds, 156 complete or near complete. 19 actual and 17 other weights; length for 
108 finds. 
93 Neopal. finds, est. av. weight ca. 0.12 kg., based on 16 actual weights. Est. total weight ca. 
10.4 kg.  
9 Final Pal. finds, est. av. weight ca. 0.20 kg, based on weights and lengths of Neopal. finds. 
Est. total weight ca. 1.4 kg.  
21 Postpal. finds, est. av. weight ca. 0.15 kg., based on Neopal. weights and lengths. Est. total 
weight ca. 2 kg.  
57 finds with an unspec LM dating, est. average weight ca. 0.30 kg. based on actual weights 
and lengths. Est. total weight ca. 18 kg.  
Est. total weight of the 180 chisels ca. 32 kg. 
 
2. Knives 
Total 230 finds, of which 200 complete or near complete. 18 actual and 2 other weights; 
length of 141 finds. 
70 Neopal. finds, est. av. weight ca. 0.03 kg., based on 11 actual weights. Est. total weight ca. 
2.2 kg.  
57 Final Pal. finds, est. av. weight ca. 0.05 kg., based on Neopal. weights and length. Est. total 
weight ca. 3 kg. 
 81 Postpal. finds, est. av. weight ca. 0.04 kg, based on Neopal. weights and length. Est. total 
weight ca. 3.2 kg. 
 22 finds with unspec, LM dating, est. av. weight ca. 0.03 kg. based on Neopal weights and 
length. Est. total weight ca. 1 kg.  

                                                
1  The numbers refers to the object type numbers used in ΧΑΛΚΟΣ. See Appendix I.2. 
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The est. av. weights of the same order than the weights for knives from Akrotiri (0.043 kg.) 
and Uluburun (0.038 kg.).  
Est. total weight of the 230 knives ca. 9 kg. 
 
3. Double axes 
Total 187 finds, of which 167 complete or near complete. 13 actual and 3 other weights; 
length of 111 finds. 
95 Neopal, finds, est. av. weight ca. 1.1 kg., based on 10 actual weights. Est. total weight ca. 
101 kg.  
3 Final Pal. finds, est. av. weight ca. 1.0 kg., based on 2 actual weights. Est. total weight ca.  
3 kg. 
6 Postpal. finds, est. av. weight ca. 1.0 kg., based on Neopal, weights and actual length. Est. 
total weight ca. 6 kg.  
83 finds with an unspec. LM dating, est. av. weight ca. 1.0 kg., based on 1 actual weight and 
length. Est. total weight ca. 83 kg.  
Est. total weight of the 187 double axes  ca. 190 kg. 
 
4. Single-axes/ adzes 
Total 11 finds, of which 10 compl. or near compl. 1 actual and 17 other weights; length of 6 
finds.  
4 Neopal. finds, est. av. weight ca. 0.5 kg., based on one actual weight. Est total weight ca.2 
kg.  
1 Final Pal. finds, est. av. weight ca. 0.5 kg., based on one actual weight. Est total weight ca. 
0. 5 kg. 
6 Postpal. finds, est av. weight ca. 0.2 kg., based on lengths. Est total weight ca. 1 kg. 
Est total weight of the 11 single-axes ca. 3.5 kg 
 
5. Double- adzes  
Total 17 finds, of which 15 complete or near complete. 4 actual and 1 other weight: length 
and width of 15 finds.  
12 Neopal. finds, est. av. weight ca. 1.3 kg., based on 2 actual weights and dimensions. Est. 
total weight ca. 14.5 kg. 
1 Postpal. find, est. weight ca. 0.7 kg., based on Neopal. weights and dimensions.  
4 finds with an unspec. LM dating. Est. average weight ca. 1.5 kg., based on 2 actual weights 
and dimensions. Est. total weight ca. 6 kg.  
The average weights are of the same order than a Flachhacke from Uluburun (1.075 kg.).  
Est. total weight of the 17 double-adzes ca. 21 kg. 
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6. Axe-adzes  
Total 9 finds, of which all complete or near complete. 3 actual weights; length and width for 6 
finds. 
6 Neopal. finds, est. av. weight ca. 0.3 kg. based on 3 actual weights and dimensions. Est. 
total weight ca. 1.8 kg.  
1 Postpal. find, est av. weight ca. 0.3 kg., based on Neopal. weights. Est. total weight ca.  
0.3 kg. 
2 finds with an unspec. LM dating, est. total weight ca.0.6 kg., based on Neopal. weights and 
dimensions. 
Est. total weight of the 9 axe-adzes ca. 3 kg. 
 
7. Pick-adzes  
Total 7 finds, of which all complete or near complete. 2 actual weights; length of 5 finds. 
5 Neopal. finds, est. average weight ca. 1.4 kg., based on 2 actual weights and lengths. Est. 
total weight ca.7 kg.. 
1 Postpal. find, est. weight ca. 1kg.  
1 find with an unspec. LM dating, est. weight ca. 1 kg., based on Neopalatial weights and 
dimensions. 
Est. total weight of the 7 pick-adzes ca. 9 kg. 
 
9. Saws  
Total 68 finds, of which 45 complete or near complete. 9 actual weights; lengths of 58 and 
width of 56 finds. 
41 Neopal. finds of varying length, including huge saws weighing >5 kg. and length up to 160 
cm. Est. average weights estimated separately for small, medium and large saws. Calculated 
average weights for all Neopal. saws ca. 1.7 kg., based on actual weights and dimensions. Est. 
total weight of Neopal. saws ca. 72 kg.  
4 small finds from Final pal. period, est. total weight ca. 0.2 kg.  
7 Postpal. finds, est. total weight ca. 2.5 kg,  
16 finds with an unspec. LM dating, among them large saws, est. total weight ca. 11 kg. 
Est total weight of the 68 saws ca. 86 kg. 
 
10. Drills  
Total 19 finds, of which 18 complete or near complete. 2 actual weights; length of 18 finds. 
10 Neopal finds, 2 actual weights. Est. av. weight for all finds ca. 0.05 kg based on actual 
weights. Est. total weight ca. 0.5 kg. 
3 Final Pal. finds. Est. total weight ca. 0.15 kg. 
2 Postpal. finds, Est. total weight ca. 0.1 kg 
4 finds with unspec. LM dating. Est. total weight ca. 0.2 kg..  
Est. total weight of the 19 drills ca. 1 kg. 
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11. Hammers  
Total 16 finds, of which all complete or near complete. 4 actual and 2 other weights. 
9 Neopal. finds, 4 actual weights of which two of smaller finds (0.600 resp. 0.850 kg) and two 
of heavy finds, (4.160 resp. 7.240 kg.). Est. total weight ca. 16.4 kg. 
1 Postpal. find, est. weight ca. 0.8 kg. based on Neopal. weights.  
6 finds with  an unspec. LM dating, est. average weight ca. 0.85 kg based on Neopal weights 
and dimensions. Est total weight ca. 5.2 kg.  Two other weights (0.650 and 1.500 kg.) . 
Est. total weight of the 16  hammers ca. 22 kg. 
 
12. Awls, points and punches 
Total 99 finds, of which 89 complete or near complete. 4 actual and 1 other weights; Length 
of 72 finds. 
56 Neopal. finds, est. average weight ca. 0.050 kg., based on 3 actual weights and lengths. 
Est. total weight ca. 3 kg.  
19 Final Pal. finds, est. average weight 0.020 kg., based on 1 actual weight and lengths. Est 
total weight ca. 0.4 kg.  
5 Postpal. finds, est. average weight 0.050 kg, based on Neopal. weights  and lengths. Est 
total weight ca. 0.2 kg. 
19 finds with an unspec. LM dating, est. av. weight ca. 0.050 kg., based on Neopal. weights 
and lenghts. Est. total weight ca. 1 kg.  
Est. total weight of the 99 awls, points and punches ca. 4.6 kg. 
 
13. Needles 
Total 63 finds, of which 45 complete or near complete. 2 actual and 1 other weights. 
Est. average weight ca. 2.5 g, based on actual weights. Est. total weight, ca. 0.15 kg. 
Est. total weight of the 63 needles ca. 0.2 kg. 
 
14. Nails 
Total 46 finds, of which 35 complete or near complete. No weights published. 
Est. average weight ca. 2 g. Est. total weight ca. 0.09 kg. 
Est. total weight of the 46 nails ca. 0.1 kg. 
 
15. Stake-heads 
Total 2 finds, of which 1 complete. 1 actual weight. 
2 Neopal. finds, 1 actual weight 1.7 kg. Est. total weight ca. 3.4 kg,. 
Est. total weight of the 2 stake-heads ca. 3.4 kg. 
 
16. Cutters 
Total 17 finds, of which 11 complete or near complete. 1 actual weight; Length for 12 finds.  
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11 Neopal. finds, est. average weight ca. 0.006 kg, based on 1 actual weight and lengths. This 
average is used for all finds. Est. total weights for the Neopalatial finds ca 0.07 kg. 
2 Final Pal. finds. est. total weight ca. 0.01 kg. 
4 Postpal. finds, est. total weight ca. 0.02 kg.  
Est. total weight of the 17 cutters ca. 0.1 kg. 
 
17. Scrapers 
Total 4 finds, of which all complete. No weights published; Length for all finds. 
4 Neopal. finds, est. average length ca. 8 cm. The average weight roughly est. to ca. 10g.   
Est. total weight ca. 0.05 kg.  
Est. total weight of the 4 scrapers ca. 0.05 kg. 
 
18. Sickles 
Total 24 finds, of which all complete or near complete. 1 actual and 1 other weight; Length of 
19 finds. 
14 Neopal. finds, no weights, average length 17 cm. Est. average weight for all sickles ca 0.07 
kg., based on the actual weight and length. The weight is of the same order as a sickle from 
Uluburun (0.075 kg). Est. total weight ca. 1 kg, 
3 Postpal. finds, 1 actual weight, average length 14 cm. Est. total weight ca. 0.3 kg. 
6 finds with an unspec. LM dating, average length 19 cm. Est. total weight ca. 0.4 kg  
Est. total weight of the 24 sickles ca. 1.7 kg. 
 
19. Tongs 
Total 7 finds, of which all complete or near complete. 1 other weight; Length for all 7 finds. 
6 Neopal. finds, average length ca. 30 cm. No actual weights. Est. average weight for all tongs  
ca. 0.2 kg., based on their lengths and the weight and length of a tong from Uluburun (52.5 
cm., 0.372 kg.).  Est. total weight of the Neopal. tongs ca. 1.3 kg. 
1 find with unspec. LM dating, length 20 cm. Est. weight ca. 0.2 kg. 
Est. total weight of the 7 tongs ca. 1.5 kg. 
 
20. Other tools 
Total 16 finds, mainly small tools of unspec. types. 12 complete or near complete. 2 actual 
Neopal weights.  
12 Neopal. finds, 2 Final Pal. and 3 Postpal. finds 2.  The est. total weight of the Neopal. finds 
is ca. 0.2 kg, of the Final Pal. finds ca. 0.03 kg, and of the Postpal. finds ca. 0.05 kg. 
Est. total weight of the 16 other tools ca. 0.3 kg.  
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PERSONAL ITEMS 
21. Mirrors  
Total 75 finds, of which 61 complete or near complete. 1 actual weight; diameters of 44 and 
thicknesses of 8 finds.. 
4 Neopal finds; 30 finds from the Final Pal. and 39 finds from the Postpal. periods. 2 finds 
with an unspec. LM dating. Due to their uniform disk shape, the weights have been estimated 
by the formula  πr2 x th x 8.9 (specific weight for Cu) =weight. In cases where the diameter is 
known, the weight is estimated separately for each item; for the rest on the basis of the 
average diameter by period.  
The total weight of the Neopalatial mirrors is est. to ca. 2.7 kg., of the Final Pal. mirrors to ca. 
13.5 kg., of the Postpal. mirrors to ca.15.6 kg. and of the 2 mirrors with unspec. LM dating to 
ca.0.9 kg.  
Est. total weight of the 75 mirrors ca. 33 kg.2 
22. Razors  
Total 162 finds, of which 129 complete or near complete. 1 actual weight, and 1 other weight.  
Length of 116 finds. The length does not vary much (e.g. Hakulin 2004, 18 Fig. 39) 
37 Neopal. finds, 1 actual weight 0.060 kg. from Zakros, which is used as an average for all 
razors on the basis of the rather similar length and weights of rather similar object types. Est. 
total weight of Neopal. razors ca. 2.2 kg. 
52 Final Pal finds, est. total weight ca. 3.6 kg. 
70 Postpal finds, est. total weight ca. 4.2 kg 
3 finds with an unspec. LM dating, est. total weight ca. 0.2 kg. 
 Est. total weight of the 162 razors ca. 10 kg. 
23. Tweezers 
Total 67 finds, of which 49 complete or near complete. No weights published; Length of 26 finds. 
Based on their size, in average 7 cm. I roughly estimate an average weight of 0.015 kg. for all 
tweezers..  
29 Neopal. finds, est. total weight of the Neopal. tweezers   0.4 kg.  
8 finds from the Final Pal per; est. total weight of the Final Pal. tweezers ca. 0.1 kg, 
20 finds from the  Postpal. per; est. total weight of the Postpal. tweezers ca. 0.3 kg, 
10 finds with unspec. LM dating; est. total weight of the tweezers with unspec LM dating ca. 
0.2 kg.  
Est. total weight of the 67 tweezers ca. 1 kg. 

                                                
2 To test the applicability of the method I applied it for 21 round balance weights of lead (specific weight 11.3) from 
the West House at Akrotiri, for which Michailidou has published both weights and dimensions (Michailidou, 2007, 
201-206). My calculated weights were somewhat higher than the actual ones, but for the ten larger complete items, 
the deviation was less than 10%, that indicates that my method seems to be rather well applicable for Bronze Age 
metal finds.  
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VESSELS 
25. Vessels 
Total 254 finds, of which 156 complete or near complete. 6 actual  and 23 other weights. 
111 Neopal. finds, 5 actual weights. 
98 finds from the Final Pal per. 
39 finds from the Postpal. period, 1 actual weight 
7 vessels had an unspec. LM dating.  
 
The vessels from LBA Crete are of  varying type, size and weight. In general the Neopalatial 
vessels are larger than from the Mycenaean periods. Of the 6 actual weights 3 are for the huge 
cauldrons from Tylissos, and of no use in the estimation, and 3 for complete or near complete 
vessels from Mochlos. Of the 23 other weights, the 4 for finds from Akrotiri are most usable. 
In the Near Eastern texts the vessel type is seldom specified. As the available weights are of 
little help in the estimation, I was forced to make rough estimations of average weights by 
vessel type. The methods used depended on available data and vessel shape presented below; 
either based mainly on dimensions and known weights, or calculated based on metal volume 
or a very rough estimation based on the size. 
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Estimation method and roughly estimated average weights for vessels by type 
 
Type3   Estimation method      Estimated av. weight, kg 
 
1. Cauldron Rough est. based on available weights and dimensions 1 – 52 kg 
2. Tripod  Based on est. weight for tripod from Akrotiri   2 kg 
3. Broad pan Based on av. est. volume /compared to available weights 1.9 kg 
5. Pan  Based on av. est. volume /compared to available weights 1.7 kg 
8. Hydra  Rough estimation      1.5 kg 
9. Ewer  Based on average est. volume     1.5 kg 
10. Spouted jug Based on dimensions      1.5 kg 
11. Basin  Based on av. est. volume by period    2.3, 2.8, 2.0, 2.8 kg 
12. Cup  Based on av. est. volume by period    0.4, 0.5, 0.4 kg 
13. Vapheio cup Based on est. volume      0.5 
14. Cup w. output Based on est. volume      1 kg 
16. Kylix  Rough estimation      1 kg 
17. Lekanai Rough estimation      1.5 kg   
18. Bowl  Based on weight from Mochlos and dimensions  0.35 kg 
19. Ladle  Based on est. volume      0.1 kg 
20. Lamp  Based on est. volume and shaft length by period  3.5 resp. 1.8 kg 
21. Brazier  Based on est. volume by period    3.8 resp. 1.5 kg 
22. Sieve  Rough estimate      0.05 kg 
24. Oth. vessel Rough estimate based on dimensions    0.5 kg  
 
 

 
Using these weights I roughly estimated the total weight of the 
111 Neopal. vessels to ca. 265 kg, of which the cauldrons from Tylissos make about 100 kg; 
 98 Final Pal. vessels to ca. 100 kg; 
 39 Postpal. vessels to ca. 21 kg; and of the  
 7 vessels with an unspec. LM dating, to ca. 14 kg.  
 
Est. total weight of the 254 vessels ca. 400 kg  
 
The estimated weight of the vessels has a great impact of the estimated weight of metal in 
circulation as it makes as much as ca. 40 % of the total weight of metal in objects. 
Unfortunately the accuracy of the weights of the vessels is not very high.   

 

                                                
3 The typology used in the ΧΑΛΚΟΣ database. 
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WEAPONS 
31 Swords  
Total 100 finds, of which 80 complete or near complete. 1 actual and 3 other weights; Length 
for 74 finds. The length of the swords varies considerably (Hakulin, 2004, 16, Fig. 29); the 
average of the Neopal. ones is 84 cm, of the Final Pal. ones 56 cm, and of the Postpal. ones 46 
cm. 
31 Neopal finds, mainly the partly unfinished swords from Arkalochori, of which the weight 
for the largest one, 1.8 kg, is of no use in the estimation. Av. weight est. based on av. length 
and the av. weight of Final pal. swords = 84 / 56 x 0.357 = 0. 536. Est. total weight of the 
Neopal. swords ca. 17 kg, 
33 Final Pal. finds. Average weight est. based on av. length and the av. weight of Final pal. 
swords = 84 / 56 x 0.357 = 0. 536. Est. total weight of the Neopal. swords ca. 17 kg, 
The calculated average weight of swords from data in the Jn Series at Pylos, is 0.357 kg, 
which is used as average weight of the Final Pal. swords. Est. total weight of the Final Pal.  
swords ca. 12 kg, 
34 Postpal finds. . Av. weight est. based on av. length and the av. weight of Final pal. swords 
= 46 / 56 x 0.357 = 0. 293. Est. total weight of the Postpal. swords ca. 10 kg, 
2 finds have an unspec. LM dating. Est. total weight ca. 0.7 kg  
Est. total weight of the 100 swords is ca. 40 kg. 
 
32 Daggers  
Total 164 finds, of which 135 complete or near complete. 1 actual and 7 other weights. of 
which 3 from Akrotiri, 2 from Uluburun and 2 from Near Eastern texts. The other weights, 
0.087- 0.366 kg give some order of magnitude of the weights of the daggers. The best 
comparisons are 2 Neopal. daggers from Akrotiri, 0.163 resp. 0.303 kg.  Length for 68  finds; 
the Neopal. daggers are in contrast to the swords the smallest, (Hakulin, 2004, 16, Fig. 31), 
with an average length of 19 cm, compared to 29 cm for the Final Pal., 25 cm for the Postpal, 
and 28 cm for the finds with an unspec. LM dating. Average weights by period I have roughly 
estimated based on the length. 
74 Neopal. finds. No actual weights. Est. total weight ca. 14 kg  
22 Final Pal finds, no actual weights. Est. total weight ca. 6 kg 
64 Postpal finds, among them 1 actual weight for a small dagger, 0.019 kg, from Mycenaean 
Mochlos. Est. total weight ca. 19 kg 
4 finds have an unspec. LM dating. Est. total weight ca. 1 kg  
Est. total weight of the 164 daggers ca. 40 kg.  
 
33. Spearheads  
Total 105 finds, of which 85 complete or near complete. 10 other weights. of which 5 from 
Peloponnese ranging 0.101 to 0.237 kg, 2 from Uluburun 0.104 to 0.119 and 3 from Near 
Eastern texts. The Mycenaean spearheads from Peloponnese are the best comparison. The 
lengths by period vary between 10 and 40 cm for the Neopal. and Postpal. finds, and between 
20-50 cm for the Final Pal. finds. Average weights by period I have roughly estimated based 
on the weights for the Mycenaean finds from Peloponnese and the lengths of the Cretan finds. 
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22 Neopal. finds. Av. weight ca. 0.125 kg. Est. total weight ca. 3 kg. 
41 Final Pal. finds. Av, weight ca. 0.200 kg. Est total weight ca. 8 kg. 
27 Postpal finds. Av. weight ca. 0.125 kg. Est total weight ca. 3 kg 
15 finds with an unspec. LM dating. Av. weight ca. 0.100 kg. Est total weight ca. 2 kg.   
 Est. total weight of the 105 spearheads ca. 16 kg.   
 
34. Arrowheads  
Total 86 finds, of which 84 complete or near complete. 5 other weights. Length for 54 finds. 
The majority of the arrowheads are from the Final Palatial period (71 finds). No actual 
weights, but 5 other weights, mainly from Uluburun, varying between 1 and 6 g, and one 
average weigh from Linear B. The weight of all finds is estimated to ca 300 g.  
Est. total weight of the 86 arrowheads ca. 0.3 kg.  . 
 
35. Spear butt-spike 
Total 2 finds, of which all complete or near complete. 1 actual weight. 
2 spear butt-spikes are published from LBA Crete; one complete find from the Neopal. 
period, weighing 0.043 kg, which is used as weight also for the Postpal. find.   
Est. total weight of the 2 spear butt-spikes ca. 0.1 kg. 
 
36. Helmet  
1 find. 1 actual weight. 
One fragmentary bronze helmet dated to the Final. pal period. Total 2 finds, of which all 
complete or near complete. 1 actual weight. The weight of the complete helmet was estimated 
by the excavator to ca. 0.9 kg.  
Est. weight of the bronze helmet ca. 0.9 kg. 
 

RITUAL OBJECTS 
41. Cult double-axes  
Total 99 finds, of which 89 complete or near complete. 28 actual weights; Length for 59 
finds, width for 20 finds. 
92 Neopal. finds, including the axes from Juchtas and Psychro with unsecure dating, here 
considered as Neopalatial. Est. total weight ca. 46 kg. 
2 Final Pal finds. Est. total weight ca. 0.2 kg  
No Postpal. finds. 
5 finds have an unspec. LM dating. Est. total weight ca. 0.25 kg. The majority of the finds are 
small votive axes from sanctuaries, length 2-15 cm, but their are also middle sized axes, 
length 18-47 cm, found also in settlements, and 4 huge axes from Nirou Chani, with length up 
to 118 cm. All published weights are for axes from Juchtas, the small axes are weighing 
0.008-0.021 kg and two axes, ca. 22 cm, are weighing ca. 0.091 resp. 0.090 kg (Michailidou, 
2003, 304-305). I estimated the average weights for the finds not by period, but by size: 
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separately for the small and middle sized axes, based on these weights and the lengths of the 
axes. The est. av. weight of the small axes was ca. 0.013 kg and of the middle-sized axes ca. 
0.091 kg. The weights of the huge axes from Nirou ChanI I calculated separately for each axe, 
based on the estimated metal volume and the specific weight of copper (the method used for 
the mirrors). Est. total weight of the small axes is ca. 0.5 kg, of the middle-sizes axes ca. 2.2 
kg, and of the 36 axes lacking dimensions ca. 3.6 kg. For the Nirou Chani axes the estimated 
weight is ca. 40 kg.  
Est. total weight of the 99 cult double-axes ca. 46 kg.  
 
42. Figurines, male  
Total 103 finds, of which 80 complete or near complete. No weights published; Height of 102 
finds. The average height of the Neopal. finds is ca. 9.3 cm, of the Final pal. finds ca. 7.7 cm, 
of the Postpalatial finds ca. 12.4 cm,and of the finds with an unspec. LM dating ca. 9.2 cm. 
The average heigh of all male figurines is ca. 9 cm 
70 Neopal. finds,  
14 Final pal.finds, 
5 Postpal. finds 
14 finds have an unspec LM dating.  
Based on the size of the finds and other objects of rather similar size I roughly estimate an 
average weight for all male figurines to 0.025 kg. The est. total weights by period would thus 
be ca.1.75 kg of the Neopal, ca. 0.35 kg of the Final Pal, ca. 0.15 kg of the Postpal. periods. 
and the est weight of the figurines with an unspec. LM dating ca. 0.35 kg . 
Est. total weight of the 103 male figurines is. 2,6 kg  
 
43. Figurines, female  
Total 40 finds, of which 36 complete or near complete. No weights published. Height for 37 
finds. 
29 Neopal. finds, 
5 Final Pal. finds 
4 Postpal find 
2 finds have an unspec LM dating. 
The female figurines are smaller than the male figurines; their average height by period varies 
between 3.7 and 5.7 cm. The average height of all finds is ca. 5 cm, compared to 9 cm for the 
male figurines.. The average weight of all female figurines, based on the est. average weight 
and height of the male figurines, is est to 0.015 kg. The est. total weights by period would 
thus be ca.0.44 kg for the Neopal, ca. 0.08 kg for the Final Pal, ca. 0.05 kg for the Postpal. 
periods. and the est weight of the figurines with an unspec. LM dating ca. 0.03 kg.. 
Est. total weight of the 40 female figurines ca. 0,6 kg.  
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ORNAMENTS 
254 finds of 7 different object types. Most numerous are rings (144 finds) and beads (53 
finds). 4 actual weights, 3 for armlets and bracelets and 1 for an earring, 2 other weights. The 
weight varies betweem 0.002 and 0.016 kg.  I roughly estimate the total weight of all 
ornaments to ca. 1 kg. 
Est. total weight of the 254 ornaments ca. 1 kg.  

 
MISCELLANOUS OBJECTS 
52. Balance pans  
Total 24 finds, of which 11 complete or near complete. No actual weights, 3 other weights. 
Diameters for 7 finds. 
14 Neopal. finds,  
8 Final Pal. finds,  
2 Postpal finds  
The diameter varies between 8.5 and 14 cm. 3 weights from Akrotiri, average weight 0.027 
kg, which is used for all Cretan balance pans. The est. total weights by period would thus be 
ca.0.38 kg for the Neopal, ca. 0.22 kg for the Final Pal, and ca. 0.05 kg for the Postpal. 
periods.  
Est. total weight of the 24 balance pans ca. 0,7 kg  
 
53. Fishhooks  
Total 42 finds, of which 30 complete or near complete. 1 actual weight from Mochlos, 5.2 g 
and 5 other weights from Akrotiri and Uluburun, varying between 1 and 12 g. Length for 28 
finds varying between 2 and 12 cm. 
29 Neopal. finds,  
5 Final Pal. finds 
4 Postpal finds 
5 finds have an unspec. LM dating.   
The average of the published weights is ca. 4.5 g, which is used for all Cretan fishhooks. The 
est. total weights by period would thus be ca.0.13 kg for the Neopal, ca. 0.02 kg for the Final 
Pal, and ca. 0.02 kg for the Postpal. periods, and 0.02 kg  of the finds with an unspec. LM 
dating. 
Est. total weight of the 42 fishhookss ca. 0,2 kg  
  
54. Hinges  
Total 6 finds, of which 4 complete or near complete. 2 actual and 2 other weights. Length and 
width for all finds. 
3 Neopal. and 3 Postpal. finds. The actual weights are 0.001 kg, the 2 weights from Akrotiri  
0.001 and 0.003 kg. The average of these weights is ca. 0.001 kg.  
Est. total weight of the 6 hinges ca. 0,1 kg  
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55. Staples  
Total 7 finds, of which 5 complete.  No weights published. Length for all finds. 
All 7 staples from the Final Pal. period. Length 10–16 cm, average 12.5 cm. Estimated 
average weight, based on other objects of similar shape and size, ca. 0.030 kg. 
Est. total weight of the 7 staples is ca. 0,2 kg  
 
56. “Cones”   
Total 8 finds, all complete. Weight and length for all finds. 
All finds Neopalatial. Found only at Zakros.  Weight 0.20- 0.56 kg, average 0.38 kg. Length 
11-21 cm, average 15 cm. 
Est. total weight of the 8 “ Cones” ca. 3 kg  
  
57. Inlays  
Total 7, mostly fragmentary finds. No weights published. Dimensions for all finds.  
1 Neopal. and 6 from the Final Palatial period. No weights available. The size and shape of 
the initial find cannot be assesed. The est. weight of the Neopal. find is ca. 0.03 kg and for the 
6 Final Pal. finds ca. 0.06, based on their dimensions. 
 Est. total weight of the 7 inlays ca. 0.1 kg. 
 
60. Other objects  
Total 45 finds, of which 39 complete or near complete. No weights published 
These very different objects could not be classified to any type. Based on their size I roughly 
estimated their average weights by period to ca. 0.05 kg for the Neopal. finds, and ca. 0.10 kg, 
for the Final Pal, Postpal and finds with an unspec. LM dating.  
Est. total weight of the 45 unclassified other objects ca. 3 kg. 
 
Τhe total weight of the 2676 preserved, published bronze objects from LBA Crete, stored in 
my database ΧΑΛΚΟΣ, I have with the above methods roughly estimated to ca. 1000 kg. 
All published weights used in the estimation and the resulting estimated weights I have 
compiled in the following Table, organized by object code (App. I.2), with the bibliographical 
references for the published weights as end-notes. The actual weights for objects from LBA 
Crete, recorded in ΧΑΛΚΟΣ (167 weights), and the other weights used (102 weights) are 
presented in separate columns in the Table.  
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II.3 End-notes to Table App. II.1 Finds with published weights and 
references.  

 
I. TOOLS 
 
1. CHISELS 
1. 0.004 kg. Weight of a complete Neopalatial chisel from Zakros, 9.6 cm. ΧΑΛΚΟΣ no 81. (Platon 
1988 II, 215, no 2, fig. 139).  
1A 0.006 kg. Weight of a one-half extant Postpalatial chisel  from tomb 15, Limenaria, Mochlos, 3.8 
cm. ΧΑΛΚΟΣ no 1771. (Soles & Davaras eds. 2011, 51,IIC. 103/ CA 114, Fig. 27, Pl. 20). 
1B 0.007 kg. Weight of a complete Postpalatial chisel  from tomb 17, Limenaria, Mochlos, 7.2 cm. 
ΧΑΛΚΟΣ no 2576. (Soles & Davaras eds. 2011, 51,IIC. 105/ CA 133, Fig. 27, Pl. 20). 

1C  0.011 kg. Weight of a two-thirds extant Postpalatial chisel  from tomb 17, Limenaria, Mochlos, 
7.3 cm. ΧΑΛΚΟΣ no 2575. Soles & Davaras eds., 2011, 51,IIC. 104/ CA 132, Fig. 27, Pl. 20). 
2 0.012 kg.Weight of an almost complete Neopalatial chisel from Mochlos, 4.1 cm..ΧΑΛΚΟΣ no 
1735. (Soles & Stos-Gale 2004, 50, no IC 268 / CA 17). 
2A 0.014 kg. Weight of a less than one-quarter extant Postpalatial chisel  from Area E-Z, Mochlos, 
2.5 cm. ΧΑΛΚΟΣ no 2602. (Soles & Davaras eds. 2011, 51,IIC. 106/ CA 480, Fig. 27, Pl. 20). 
3 0.025 kg. Weight of a complete Final Palatial chisel from the Unexplored Mansion at Knossos. 9 
cm. ΧΑΛΚΟΣ no 167. (Popham 1984, 60, no M 47, Pls. 196e & 201.5).  
4 0.040 kg. Weight of a complete Neopalatial chisel from Zakros, 16.2 cm. ΧΑΛΚΟΣ no 14. (Platon 
1988 II, 194, no 5, fig. 114). 
 5 0.050 kg. Weight of an almost complete Neopalatial chisel from Zakros, 10 cm. ΧΑΛΚΟΣ no 15. 
(Platon 1988 II, 195, no 6). 
6 0.053 kg. Weight of a complete Neopalatial chisel from Zakros, 21.3 cm. ΧΑΛΚΟΣ no 13. (Platon 
1988 II, 194, no 4, fig. 114). 
7 0.055 kg. Weight of a complete Neopalatial chisel from Kommos, 15.5 cm. ΧΑΛΚΟΣ no 193. 
(Blitzer 1995 511, no M 61 (B.9), Pl. 8.83). 
8 0.056 kg. Weight of a complete ” vierkantiger Flachmeissel” from Uluburun, 17.3 cm. (Uluburun 
Catalog, 2005, 631, no 195). 
9 0.080 kg. Weight of a complete Late Minoan chisel from Sybrita, 11.6 cm. ΧΑΛΚΟΣ no 251. 
(Evely 1993, 8, no 52). 
10 0.120 kg. Weight of an almost complete Neopalatial chisel from Zakros, 20.7 cm. ΧΑΛΚΟΣ no 
12. (Platon 1988 II, 194, no 3, fig. 113). 
11 0.130 kg. Weight of an almost complete chisel from Akrotiri, Thera (Michailidou 2001, 97, Tabl. 
1). 
12 0.142 kg. Weight of a bronze chisel from the Ur-III period . (Michailidou  2001, 93. 
13 0.143 kg. Weight of a complete ” vierkantiger Flachmeissel” from Uluburun, 17.0 cm. (Uluburun 
Catalog 2005, 631, no 192). 
14 0.150 kg. Weight of a complete Neopalatial chisel from Zakros, 18.7 cm. ΧΑΛΚΟΣ no 20. (Platon 
1988 II, 196, no 11). 
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14 0.150 kg. Weight of a complete Neopalatial chisel from Zakros, 18.7 cm. ΧΑΛΚΟΣ no 20. (Platon 
1988 II, 196, no 11). 
15 0.150 kg. Calculated average weight from 1.5 kg / 10 chisels in Linear B / Pylos. 
(Michailidou 2001, 97). 
16 0.160 kg. Weight of an almost complete Neopalatial chisel from Zakros, 14.6 cm. ΧΑΛΚΟΣ no 
17. (Platon 1988 II, 195, no 8, fig. 114). 
17 0.160 kg. Average weight of a chisel (20 shekel = 160 g) in Near Eastern text. (Michailidou 2001, 
95. 
18 0.167 kg. Weight of bronze chisel during Ur-III period. (Michailidou 2001, 93). 
19 0.180 kg. Weight of an almost complete Neopalatial chisel from Zakros, 14.6 cm. ΧΑΛΚΟΣ no 
19. (Platon 1988 II, 196, no 10, fig. 115). 
20 0.210 kg. Weight of a complete Neopalatial chisel from Zakros, 23 cm. ΧΑΛΚΟΣ no 10. (Platon 
1988 II, 196, no 11). 
21 0.225 kg. Average weight of a chisel (28 shekel = 225 g) in Near Eastern text. (Michailidou  

2001, 95). 
22 0.273 kg. Weight of an almost complete chisel from Akrotiri, Thera. (Michailidou 2001, 97, Tabl. 
1). 
23 0.275 kg. Weight of an almost complete Late Minoan chisel from Psychro, 19 cm. ΧΑΛΚΟΣ no 
235. (Evely 1993, 8, no 76). 
24 0.275 kg. Weight of a complete chisel from Selakhanos, Crete, 24.5 cm. (Evely 1993, 10, no 102, 
Pls. 4&5). 
25 0.300 kg. Weight of a complete chisel from Selakhanos, Crete, 26 cm. (Evely 1993, 10, no 100, fig. 
5, Pl. 4). 
26 0.300 kg. Calculated average weight from 1.5 kg / 5 chisels in Linear B / Pylos. (Michailidou  
2001, 97). 
27 0.320 kg. Weight of a complete Neopalatial chisel from Zakros, 26.2 cm. ΧΑΛΚΟΣ no 16. (Platon 
1988 II, 195, no 7, fig.115). 
28 0.350 kg. Weight of a complete chisel from Knossos of unknown date, 19 cm. ΧΑΛΚΟΣ no 171. 
(Evely 1993, 8, no 77). 
29 0.350 kg. Weight of a complete chisel from Selakhanos, Crete, 28.2 cm. (Evely 1993, 10, no 101, 
fig. 5, Pl.5). 
30 0.358 kg. Weight of a complete ” vierkantiger Flachmeissel” from Uluburun, 25.4 cm. (Uluburun 
Catalog 2005, 631, no 193). 
31 0.391 kg. Weight of a complete ” vierkantiger Flachmeissel” from Uluburun, 15.8 cm. 
(Uluburun Catalog 2005, 631, no 194). 
32 0.546 kg. Standard weight of a chisel used by stone-masons in Egypt. (Michailidou 2001, 97). 
33 0.550 kg. Weight of a complete chisel from Knossos of unknown date, 34.3 cm. ΧΑΛΚΟΣ no 
174. (Evely 1993, 10, no 110). 
34 1.126 kg. Weights of Cu chisels during Ur-III period. (Michailidou 2001, 97). 
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2. KNIVES 
 

35 0.002 kg. Weight of complete Neopalatial knife from Mochlos. 5.2 cm. ΧΑΛΚΟΣ no 1732. (Soles 
& Stos-Gale 2004, 50, no IC 269 / CA 23). 
36 0.003 kg. Weight of an almost complete Neopalatial knife from Mochlos. 3.9 cm. ΧΑΛΚΟΣ no 
1875. (Soles & Stos-Gale 2004, 51, no IC 294 / CA 186). 
37 0.015 kg. Weight of a complete Neopalatial knife from Zakros, 13 cm. ΧΑΛΚΟΣ no 28. (Platon 
1988 II, 198, no 8). 
38 0.020 kg. Weight of a complete Neopalatial knife from Zakros, 14 cm. ΧΑΛΚΟΣ no 27. (Platon 
1988 II, 198, no 7). 
38A 0.023 kg. Weight of an intact Postpalatial copper knife from Mochlos, House B yard, 11.7 cm. 
ΧΑΛΚΟΣ no 2600. (Soles & Davaras eds. 2011, 50, IIC. 102/ CA 67, Fig. 26, Pl. 19). 
39 0.030 kg. Weight of an almost complete Neopalatial knife from Zakros, 15 cm. ΧΑΛΚΟΣ no 32. 
(Platon 1988 II, 199, no 12). 
39A  0.032 kg. Weight of a nearly complete Postpalatial bronxe knife from Tomb 13, Limenaria, 
Mochlos, 14.6 cm. ΧΑΛΚΟΣ no 2568. (Soles & Davaras eds. 2011, 49, IIC. 94/ CA 99, Fig. 26, Pl. 
19). 
39B 0.033 kg. Weight of a nearly complete Postpalatial bronxe knife from Tomb 13, Limenaria, 
Mochlos, 20 cm. ΧΑΛΚΟΣ no 2569. (Soles & Davaras eds. 2011, 50, IIC. 95/ CA 129, Fig. 26, Pl. 
19). 
39C 0.034 kg. Weight of an intact Postpalatial bronze knife from Tomb 21, Limenaria, Mochlos,  
18.2 cm. ΧΑΛΚΟΣ no 2583. (Soles & Davaras eds. 2011, 50, IIC. 98/ CA 136, Fig. 26, Pl. 19). 
39D 0.036 kg. Weight of a nearly complete Postpalatial bronze knife (or razor) from Tomb 30, 
Limenaria, Mochlos, 15.7 cm. ΧΑΛΚΟΣ no 2592. (Soles & Davaras eds. 2011, 50, IIC. 100/ SM 
11446, Fig. 26, Pl. 19).  
40 0.038 kg. Weight of a complete ”Messer mit schmaler Klinge” from Uluburun, 25.5 cm. 
(Uluburun Catalog 2005, 624, no 175). 
41 0.043 kg. Weight of a complete Neopalatial knife from Mochlos. 17.5 cm. ΧΑΛΚΟΣ no 1861. 
(Soles & Stos-Gale 2004, 50, no IC 277 / CA 116). 
420.043 kg. Weight of an almost complete knife from Akrotiri, Thera. (Michailidou 2001, 97, Tabl. 
1). 
43 0.050 kg. Weight of an almost complete Neopalatial knife from Zakros, 27 cm. ΧΑΛΚΟΣ no 26. 
(Platon 1988 II, 197, no 6). 
44 0.055 kg. Weight of an almost complete Neopalatial knife from Zakros, 15 cm. ΧΑΛΚΟΣ no 23. 
(Platon,1988 II, 197, no 3). 
45 0.055 kg. Weight of a complete Neopalatial knife from Zakros, 22 cm. ΧΑΛΚΟΣ no 25. (Platon 
1988 II, 197, no 5). 
45A 0.087 kg. Weight of a complete Postpalatial bronze knife  from Tomb 30, Limenaria, Mochlos, 
17 cm. ΧΑΛΚΟΣ no 2591. (Soles & Davaras eds. 2011, 50, IIC. 99/ SM 11445, Fig. 28, Pl. 19).  
45B  0.100 kg. Weight of an intact Postpalatial bronze knife  from Tomb 17, Limenaria, Mochlos, 
22.3 cm. ΧΑΛΚΟΣ no 2578. (Soles & Davaras eds. 2011 50, IIC. 97/ CA, 138,  Fig. 26, Pl. 19).  
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3. DOUBLE-AXES 
 

46 0.400 kg. Weight of a complete Neopalatial double-axe from Zakros, 13 cm. ΧΑΛΚΟΣ no 38. 
(Platon 1988 II, 201, no 5). 
47 0.490 kg. Weight of a complete Neopalatial double-axe from Zakros, 14 cm. ΧΑΛΚΟΣ no 39. 
(Platon 1988 II, 201, no 6). 
48 0.571 kg. Weight of a complete “Doppelaxt” from Uluburun. 16.5 cm. (Uluburun Catalog 2005, 
630, no 187). 
49 0.900 kg. Weight of an almost complete Neopalatial double-axe from Zakros, 17 cm. ΧΑΛΚΟΣ no 
36. (Platon 1988 II, 200, no 3). 
50 0.900 kg. Weight of a complete Neopalatial double-axe from Zakros, 16 cm. ΧΑΛΚΟΣ no 41. 
(Platon 1988 II, 202, no 8). 
51 0.925 kg. Weight of a complete Neopalatial double-axe from unspecified Crete, 16.5 cm. 
ΧΑΛΚΟΣ no 368. (Evely 1993, 44, no 56). 
52 0.956 kg. Weight of a complete Late Minoan double-axe from Psychro, 16 cm. ΧΑΛΚΟΣ no 390. 
(Evely 1993, 42, no 23). 
53 1.000 kg. Weight of a complete Neopalatial double-axe from Zakros, 18 cm. ΧΑΛΚΟΣ no 35. 
(Platon 1988 II, 200, no 2). 
54 1.000 kg. Weight of a complete Neopalatial double-axe from Zakros, 16 cm. ΧΑΛΚΟΣ no 40. 
(Platon 1988 II, 202, no 7). 
55 1.100 kg. Weight of a complete Neopalatial double-axe from Knossos, 18 cm. ΧΑΛΚΟΣ no 334. 
(Evely 1993, 44, no 42). 
56 1.100 kg. Weight of a shipbuilders axe in Egypt, 40-50 deben (1.100 kg). (Michailidou 2001, 98). 
571.200 kg. Weight of a complete Neopalatial double-axe from the Unexplored Mansion at Knossos, 
19.5 cm. ΧΑΛΚΟΣ no 333. (Evely 1993, 42, no 26). 
58 1.200 kg. Weight of a complete double-axe of unspecified dating from Selakhanos, Crete, 19.7 cm. 
(Evely 1993, 46, no 96, Pl. 14). 
59 1.325 kg. Weight of a complete Neopalatial double-axe from Zakros, 22 cm. ΧΑΛΚΟΣ no 42. 
(Platon 1988 II, 202, no 9). 
60 1.350 kg.Weight of a complete Final palatial double-axe from Kommos, 19.6 cm. ΧΑΛΚΟΣ no 
396. (Blitzer 1995, 516, no M 154 (B 220)). 
61 1.380 kg. Weight of a complete Neopalatial double-axe from Zakros, 20 cm. ΧΑΛΚΟΣ no 43. 
(Platon 1988 II, 232, no 10). 

 
4. SINGLE-AXES, HOES 
 

62 0.184 kg. Average weight of a hoe in Near Eastern texts, 23 shekel (184g). (Michailidou 2001, 
959. 
63 0.190 kg. Average weight of a hoe, based on weights for 7 hoes in Near Eastern texts. 
(Michailidou  2001, 93). 
64 0.288 kg. Average weight of a hoe in Near Eastern texts, 36 shekel (288g). (Michailidou 2001, 
95). 
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65 0.296 kg. Average weight of a hoe, based on weights for 8 hoes in Ur-III period. (Michailidou 
2001, 93). 
66 0.339 kg. Weight of a “Flachbeil” from Uluburun. 23 cm. (Uluburun Catalog 2005, 631, no 190). 
67 0.364 kg. Weight of a ´nt=adze in Egypt 4 dedben (364g). (Michailidou  2001, 96). 
68 0.366 kg. Weight of an axe in Ur-III period. ). (Michailidou  2001, 94). 
69 0.421 kg. Weight of a “Beil” from Uluburun, 19.5 cm. (Uluburun Catalog 2005, 630, no 188). 
70 0.445 kg. Weight of a “Flachbeil” from Uluburun, 23.7 cm. (Uluburun Catalog 2005, 630, no 
189). 
71 0.500 kg. Weight of a complete Neopalatial single-axe from Zakros, 15.5 cm. ΧΑΛΚΟΣ no 37. 
(Platon 1988 II, 201, no 4). 
72 0.500 kg. Average weight of an axe in Ur-III period. (Michailidou 2001, 94). 
73 0.500 kg. Average weight of an axe in NE text, 1 mina= 0.5 kg. (Michailidou 2001, 95). 
74 0.530 kg. Weight of 2 hoes, 2 mines, 5 sicl. Cu and 2.3 sicl. Sn = 530 g /hoe in Mari texts. 
(Michailidou   2001, 95). 
75 0.550 kg. Weight of a carpenters axe in Egypt, 5-7 deben, average 550 g, Michailidou, 2001, 98. 
76 0.580 kg. Weight of an adze , 1 mina Cu and 10 sicl. Sn = 580 g in Mari texts. (Michailidou 2001, 
95). 
77 0.921 kg. Weight of a “Flachbeil” from Uluburun, 28.6 cm. (Uluburun Catalog 2005, 631, no 
191). 
78 1.000 kg. Weight of an axe fixed to 2 minas = 1kg (2 x weight in Ur) in Hittite texts. (Michailidou  
2001, 94). 
79 1.000 kg. Average weight of a Hittite axe, 2 minas =1kg. (Michailidou  2001, 95). 

 
5. DOUBLE-ADZES 
 

80 1.000 kg. Weight of a complete Neopalatial double-adze from Zakros, 20.8 cm. ΧΑΛΚΟΣ no 57. 
(Platon 1988 II, 208, no 4). 
81 1.075 kg. Weight of one “Flachhacke” from Uluburun, 30.5 cm. (Uluburun Catalo 2005, 630, no 
186). 
82 1.280 kg. Weight of a complete Neopalatial double-adze from Zakros, 24.5 cm. ΧΑΛΚΟΣ no 58. 
(Platon 1988 II, 208, no 5). 
83 1.510 kg. Weight of a complete Neopalatial double-adze from Knossos, 31.2 cm. ΧΑΛΚΟΣ no 474. 
(Evely 1993, 63, no 12). 
84 1.500 kg. Weight of a complete Neopalatial double-adze from Knossos, 30 cm. ΧΑΛΚΟΣ no 475. 
(Evely 1993, 63, no 13). 
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6. AXE-ADZES 
 

85 0.300 kg. Weight of a complete Neopalatial axe-adze from Mochlos, 15 cm. ΧΑΛΚΟΣ no 480. 
(Evely 1993, 67, no 2). 
86 0.300 kg. Weight of a complete Neopalatial axe-adze from Milatos, 13.3 cm. ΧΑΛΚΟΣ no 486. 
(Evans 1935, 46, no 4). 
87 0.325 kg. Weight of a complete Neopalatial axe-adze from Mochlos, 16 cm. ΧΑΛΚΟΣ no 481. 
(Evely 1993, 68, no 6). 
 
7. PICK-ADZES 
 

88 0.700 kg. Weight of a complete Neopalatial pick-adze from Zakros, 13 cm. ΧΑΛΚΟΣ no 56. 
(Platon 1988 II, 208, no 3, fig. 131). 
89 1.170 kg. Weight of a complete Neopalatial pick-adze from Zakros, 17 cm. ΧΑΛΚΟΣ no 54. 
(Platon 1988 II, 207, no 1, fig.131). 
 
9. SAWS 
 

90 0.020 kg. Weight of a complete oval Neopalatial saw from Zakros, 6.9 cm. ΧΑΛΚΟΣ no 91. 
(Platon 1988 II, 217, no 4/1, fig.140). 
91 0.020 kg. Weight of a complete oval Neopalatial saw from Zakros, 6.7 cm. ΧΑΛΚΟΣ no 92. 
(Platon 1988 II, 217, no 4/2, fig.140). 
92 0.020 kg. Weight of a complete oval Neopalatial saw from Zakros, 6.7 cm. ΧΑΛΚΟΣ no 93. 
(Platon 1988 II, 217, no 4/3, fig.140). 
93 0.020 kg. Weight of a complete oval Neopalatial saw from Zakros, 6.5 cm. ΧΑΛΚΟΣ no 94. 
(Platon 1988 II, 217, no 4/4, fig.140). 
94 0.020 kg. Weight of a complete oval Neopalatial saw from Zakros, 6.8 cm. ΧΑΛΚΟΣ no 95. 
(Platon 1988 II, 217, no 4/5, fig.140). 
95 0.350 kg. Weight of an almost complete Neopalatial saw from Knossos, 42 cm. ΧΑΛΚΟΣ no 283. 
(Evely 1993, 31, no 38). 
96 2.460 kg. Weight of an almost complete Neopalatial saw from Zakros, 105 cm. ΧΑΛΚΟΣ no 2. 
(Platon 1988 II, 190, no 2, fig.105). 
97 4.919 kg. Weight of a complete Neopalatial saw from Zakros, 145 cm. ΧΑΛΚΟΣ no 3. (Platon 
1988 II, 190, no 3, fig.106). 
98 7.328 kg. Weight of a complete Neopalatial saw from Zakros, 142 cm. ΧΑΛΚΟΣ no 4. (Platon 
1988 II, 191, no 4, fig.107). 

 
10. DRILLS 
 

99 0.020 kg. Weight of a complete Neopalatial drill from Zakros, 9 cm. ΧΑΛΚΟΣ no 62. (Platon 
1988 II, 210, no 1). 
100 0.065 kg. Weight of a complete Neopalatial drill from Zakros, 3.5 cm. ΧΑΛΚΟΣ no 69. (Platon 
1988 II, 212, no 6). 



 237 

 
11. HAMMERS, STAKES, ANVILS 
 

101 0.600 kg. Weight of an almost complete Neopalatial hammer from Psychro, 3.5 cm. ΧΑΛΚΟΣ 
no 571. (Northover & Evely 1995) 
102 0.650 kg. Weight of a complete hammer of unspecified dating from Samba, 10.6 cm. (Evely 
1993, 101, no 3).  
103 0.850 kg. Weight of a complete Neopalatial hammer from Zakros, 9.2 cm. ΧΑΛΚΟΣ no 45. 
(Platon 1988 II, 203, fig. 126).. 
104 1.500 kg. Weight of a copper sledge from the Ur-III period. (Michailidou  2001, 93). 
105 4.160 kg. Weight of a complete Neopalatial hammer from Hagia Triada, 14 cm. ΧΑΛΚΟΣ no 
569. (Evely 1993, 101, no 14). 
106. 7.240 kg. Weight of a complete Neopalatial hammer from Hagia Triada, 23 cm. ΧΑΛΚΟΣ no 
568. (Evely 1993, 101, no 13). 
 

12. AWLS, POINTS, PUNCHES 
 

107 0.012 kg. Weight of an almost complete Neopalatial awl from Mochlos, 4.9 cm. ΧΑΛΚΟΣ no 
1761. (Soles & Stos-Gale 2004, 50, no IC 273 / CA 84). 
108 0.035 kg. Weight of an almost complete Final Palatial punch from the Unexplored Mansion at 
Knossos, 14.3 cm. ΧΑΛΚΟΣ no 548. (Evely 1993, 92, no 133). 
109 0.050 kg. Weight of a complete Neopalatial awl from Zakros, 23 cm ΧΑΛΚΟΣ no 113. (Platon 
1988 II, 221, no 18). 
110 0.125 kg. Weight of a complete Neopalatial awl from Malia, 26.5 cm. ΧΑΛΚΟΣ no 502. (Evely 
1993, 90, no 84). 
111 0.180 kg. Weight of a wp = carver from Egypt, 2deben = 180 g. (Michailidou  2001, 98). 
 

13. NEEDLES 
 

112 0.002 kg. Weight of an almost complete Neopalatial needle from Mochlos, 1.1 cm. ΧΑΛΚΟΣ no 
1859. (Soles & Stos-Gale 2004, 50, no IC 272 / CA 62). 
113 0.002 kg. Weight for a complete needle from Akrotiri. (Michailidou  2001, 97, Tabl. 1). 
114 0.003 kg. Weight of an almost complete Neopalatial needle from Mochlos, 3.3 cm. ΧΑΛΚΟΣ no 
1870. (Soles & Stos-Gale 2004, 51, no IC 289 / CA 171). 
 
15. STAKE-HEADS 
 

114A 1.700 kg. Weight of a complete Neopalatial stake ffrom Zakros. ΧΑΛΚΟΣ no 44. (Platon 1988 
II, 203, fig 125, Pl.4). 
115A  0.070 kg. Weight of one piece preserving blade of Postpalatial bronze sickle from Mochlos, 
10.5 cm. sΧΑΛΚΟΣ no 2598. (Soles & Davaras eds., 2011, 50, IIC. 101/ CA 146, Fig. 26, Pl. 19). 
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16. CUTTERS 
 

115 0.006 kg. Weight of a complete Neopalatial cutter from Zakros, 6 cm ΧΑΛΚΟΣ no 76. (Platon 
1988 II, 214, no 7). 
 
18. SICKLES 
 

116 0.075 kg. Weight of a “Sichel” from Uluburun, 22 cm. (Uluburun Catalog 2005, 632, no 196). 
 
19. TONGS 
 

117 0-372 kg. Weight of a complete “Feuerzange” from Uluburun, 52.5 cm. (Uluburun Catalog 
2005, 632, no 197). 

 
20. OTHER TOOLS 
 

118 0.004 kg. Weight of an almost complete Neopalatial other tool from Mochlos, 2.6 cm. ΧΑΛΚΟΣ 
no 1876. (Soles & Stos-Gale 2004, 52, no IC 295 / CA 187). 
119 0.013 kg. Weight of a complete Neopalatial other tool from Mochlos, 5.5 cm. ΧΑΛΚΟΣ no 
1760. (Soles & Stos-Gale 2004, 50, no IC 276 / CA 10). 

 
II. PERSONAL ITEMS 
 
21. MIRRORS 
121A 0.137 kg. Weight of an intact bronze Pospalatial mirror from Tomb 10, Limenaria, Mochlos, 
dia.12.1 cm. ΧΑΛΚΟΣ no 1763. (Soles & Davaras eds. 2011, 53, IIC. 112/ CA 92, Fig. 28, Pl. 21). 

22. RAZORS 
 

120 0.051 kg, Weight of a complete “durchgehend gegossenes Raziermesser” from Uluburun, 19.7 
cm. (Uluburun Catalog 2005, 625, no 176). 
121 0.060 kg. Weight of a complete Neopalatial razor from Zakros, 17.2 cm ΧΑΛΚΟΣ no 59. 
(Platon 1988 II, 209, no 1). 
 
III. VESSELS 
 
25. VESSELS 
 

122 0.056 kg. Weight of a complete miniature pitcher from Akrotiri. (Michailidou 2001, 97, Tabl. 
1). 

123 0.095 kg. Weight of a complete. miniature laver from Akrotiri. Michailidou  2001, 97, 
Tabl. 1). 
123A 0.182 kg. Weight of a fragmentary Neopalatial bowl, mended from many pieces, from Mochlos 
Building A. About two-thirds extant, plus numerous non-joining pieces, Dia. 16.1, height 5.9 cm. 
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Non-joining pieces, total weight 0.145 kg cannot be associated with the bowl or the lekane.. 
ΧΑΛΚΟΣ no 1724. (Soles & Stos-Gale 2004, 51, no IC 279 / CA 19 and ibid 51, no IC 285 / CA 
165). 
123B 0.183 kg. Weight of a fragmentary Neopalatial lekane, mended from many pieces from 
Mochlos, Building A. About two-thirds extant plus numerous non-joining pieces. Rim dia. 22.6, 
height 9.5cm. A handle found beside the bowl, weight 0.027 kg, probable belong to the bowl. 
ΧΑΛΚΟΣ no 1725 and 1866. (Soles & Stos-Gale 2004, 50, no IC 280 / CA 18). 
124 0.185 kg. Weight of a copper vessel from Ur-III, 23 2/3 shekels = ca.185g. (Michailidou 2001, 
94). 
125 0.250 kg. Weight of a special copper vessel for oil from Ur-III, ½ mina = ca. 250g. (Michailidou  
2001, 94). 
126 0.250 kg. Weight of a broad vessel/crater from Ur-III, ½ mina = ca. 250 g. (Michailidou 2001, 
94). 
127 0.250 kg. Average weight of a crater in Near Eastern texts, ½ mina = ca. 250 g. (Michailidou  
2001, 95). 
127A 0.256 kg. Weight of an intact bronze Pospalatial bowl from Tomb 10, Limenaria, Mochlos, 
dia.14.6 cm. ΧΑΛΚΟΣ no 1762. (Soles & Davaras eds. 2011, 53, IIC. 111/ CA 87, Fig. 28, Pl. 21). 
128 0.290 kg. Weight of a bronze washing bowl from Ur-III, ½ mina, 5 shekels = ca.290 g. 
(Michailidou  2001, 94). 
129 0.330 kg. Weight of a special copper vessel for oil from Ur-III, 2/3 mina = ca. 330 g 
(Michailidou 2001, 94)  
130 0.500 kg. Weight of a special copper vessel for oil from Ur-III, 1 mina = ca. 500 g. (Michailidou 
2001, 94). 
131 0.500 kg. Weight of a broad vessel / crater from Ur-III, 1 mina = ca. 500 g. (Michailidou 2001, 
94). 
132 0.500 kg. Average weight of a crater in Near Eastern texts, 1 mina = ca. 500 g.( Michailidou, 
2001, 95) 
133 0.809 kg. Weight of one vase in Mari texts, 1.5 mina Cu + 5.3 sicle Sn = ca. 809 g (5,3% Sn). 
(Michailidou 2001, 95). 
134 1.270 kg. Weight of a vessel in Egypt, 14 deben = ca. 1.270 kg. (Michailidou 2001, 99). 
135 1.450 kg. Weight of a vessel in Egypt, 16 deben = ca. 1.450 kg. (Michailidou 2001, 99). 
136 1.500 kg. Estimated weight of an incomplete laver from Akrotiri. (Michailidou 2001, 97, Tabl. 
1). 
137 1.640 kg. Weight of a vessel in Egypt, 18 deben = ca. 1.640 kg. (Michailidou 2001, 99). 
138 1.820 kg. Weight of a cauldron in Egypt, 20 deben = ca. 1.820 kg. (Michailidou 2001, 99). 
139 1,820 kg. Weight of a vessel in Egypt, 20 deben = ca. 1.820 kg. (Michailidou 2001, 99). 
140 2.000 kg. Estimated weight of an incomplete tripod cauldron from Akrotiri. (Michailidou 2001, 
97.Tabl. 1). 
141 2.500 kg. Weight of a “smaller vessel from Ur-III, 5 minas = ca. 2.500 kg. (Michailidou 2001, 
94). 
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142 2.500 kg. Average weight of a large vessel in Near Eastern texts, 5 minas = ca. 2.500 g. 
(Michailidou 2001, 95). 
143 9.250 kg. Weight of a copper vessel from Ur-III, 18 ½ maneh = ca. 9.250 kg. (Michailidou 2001, 
94). 
144 15.300 kg. Weight of a large Neopalatial cauldron from Tylissos, diameter 84 cm. ΧΑΛΚΟΣ no 
813. (Hazzidakis 1921, 54, γ, fig. 29). 
145 22.000 kg. Weight of a copper vessel from Ur-III, 44 1/3 maneh= ca. 22.000 kg. (Michailidou 
2001, 94). 
146 24.360 kg. Weight of a large Neopalatial cauldron from Tylissos, diameter 97 cm. ΧΑΛΚΟΣ no 
810. (Hazzidakis 1921, 54. β, fig. 29). 
147 52.564 kg. Weight of a large Neopalatial cauldron from Tylissos, diameter 125 cm. ΧΑΛΚΟΣ 
no 811. (Hazzidakis 1921, 54. α, fig. 29). 

 
IV. WEAPONS 
 
31. SWORDS 
 

148 0.116 kg. Weight of a complete Schwert italisher Typus from Uluburun, 37.5 cm. (Uluburun 
Catalog 2005, 621, no 167). 
149 0.146 kg. Weight of a complete Schwert mit schmale Klinge from Uluburun, 33.5 cm. 
(Uluburun Catalog  2005, 621, no 166). 
150 0.357 kg. Calculated average weight for swords in Pylos, Jn-series Linear B tablets, 5 kg metal 
for 14 swords = 0.357 kg each. (Michailidou 2001, 92). 
151 1.800 kg. Weight of an unfinished sword from Arkalochori, 82 cm. ΧΑΛΚΟΣ no 586. (Kilian-
Dirlmeier 1993, 12, no 15). 
 

32. DAGGERS 
 

152 0.010 kg. Weight of a complete miniature dagger from Akrotiri. (Michailidou 2001, 97, Tabl. 
1). 
152A 0.019 kg. Weight of a Postpalatial dagger in many pieces, but nearly complete from Tomb 15, 
Limenaria, Mochlos, 15 cm. ΧΑΛΚΟΣ no 1769. (Soles & Davaras eds. 2011, 50, IIC. 96/ CA 110, 
Fig. 26, Pl. 19). 
153 0.087 kg. Weight of a complete Dolch from Uluburun, 28.8 cm. (Uluburun Catalog 2005, 620, no 
164). 
154 0.163 kg. Weight of a complete dagger from Akrotiri. (Michailidou 2001, 97, Tabl. 1). 
155 0.244 kg.Weight of a complete Dolch from Uluburun, 37.1 cm. (Uluburun Catalog 2005, 620, no 
165). 
156 0.303 kg. Weight of a complete dagger from Akrotiri. (Michailidou 2001, 97, Tabl. 1). 
157 0.357 kg. Maximal weight of a dagger in Near Eastern texts =357 g. (Michailidou 2001, 95). 
158 0.366 kg. Average weights in Hittite texts for 10 daggers = 7 minas, 20 shekels = ca. 366 g / dagger. 
(Michailidou 2001, 94). 
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33. SPEARHEADS 
 

159 0.056 kg. Weight of one poignard in Mari texts, 7 sickles bronze = ca. 56g. (Michailidou 2001, 
95). 
159A 0.100 kg. Weight 0f the metal used for the manufacture of a spearhead for the king in Ebla.  
(Michailidou 2008, 524). 
159B 0.101 kg. Weight of a complete point of a javelin from the Akropolis hoard at Mycenae, 16.5 
cm. (Michailidou 2008, 533). 
159C 0.104 kg. Weight of a complete point of a javelin from Old Epidaurus, 15 cm. (Michailidou 
2008, 533) 
160 0.104 kg. Weight of a complete Tyllenspeerspitze from Uluburun, 20.5 cm. (Uluburun Catalog 
2005, 622, no 168. 
161 0.119 kg. Weight of a complete Tyllenspeerspitze from Uluburun, 15 cm. (Uluburun Catalog 
2005, 622, no 169). 
162 0.140 kg. Weight of a niw = spear in Egypt, 1.5 deben = ca.1.820 kg. (Michailidou 2001, 99). 
162A 0.172 kg. Weight of a complete spearhead from Mycenae, 25 cm. (Michailidou 2008, 532). 
162B 0.211 kg. Weight of a complete spearhead from Mycenae, 24 cm. (Michailidou 2008, 532). 
162C 0.237 kg. Weight of a complete spearhead from Dendra, 35 cm. (Michailidou 2008, 532). 
 
34. ARROWHEADS 
 

163 0.001 kg. Weight of a complete Pfeilspitze from Uluburun, 6 cm. (Uluburun Catalog 2005, 623, 
no 171). 
164 0.002 kg. Calculated average weight for arrowheads in Pylos, Linear B tablets, 1.5 kg metal for 
1 000 arrowheads = 1.5 g each. (Michailidou 2001, 92). 
165 0.002 kg. Weight of a complete Dornpfeilspitze from Uluburun, 8.7 cm. (Uluburun Catalog 
2005, 623, no 170). 
166 0.005 kg. Weight of a complete Pfeilspitze from Uluburun, 10.1 cm. (Uluburun Catalog 2005, 
623, no 172). 
167 0.006 kg. Weight of a complete Pfeilspitze from Uluburun, 7 cm. (Uluburun Catalog 2005, 623, 
no 173) . 
 

35. SPEAR BUTT-SPIKE 
 

168 0.043 kg. Weight of a complete Neopalatial spear butt-spike from Poros-Katsambas. ΧΑΛΚΟΣ 
no 1983.  (Muhly, P. 1992, 94, no. 274, fig.23, Pl. 29). 
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36. HELMET 
 

169 0.900 kg. Weight estimated by the excavator of the complete bronze helmet, based on a 
fragmentary helmet from New Hospital cemetery, tomb V . ΧΑΛΚΟΣ no 1283. (Hood & de Jong 
1952, 256, 275, no V(8). 

 
V. RITUAL OBJECTS 
 
41. CULT DOUBLE-AXES 
 

170 0.008 kg. Weight of an almost complete cult double-axe from Juchtas. 8 cm. ΧΑΛΚΟΣ no 1686. 
(Michailidou 2003, 304, Tabl. 3). 
171 0.009 kg. Weight of an almost complete cult double-axe from Juchtas. 11.2 cm. ΧΑΛΚΟΣ no 
1669. (Michailidou 2003, 304, Tabl. 3). 
172 0.010 kg. Weight of a complete cult double-axe from Juchtas. 9.3 cm. ΧΑΛΚΟΣ no 1722. 
(Michailidou 2003, 304, Tabl. 2). 
173 0,010 kg. Weight of an almost complete cult double-axe from Juchtas. 9.9 cm. ΧΑΛΚΟΣ no 
1692. (Michailidou 2003, 304, Tabl. 3). 
174 0,010 kg. Weight of an almost complete cult double-axe from Juchtas. 10 cm. ΧΑΛΚΟΣ no 
1693. (Michailidou 2003, 304, Tabl. 3). 
175 0.011 kg. Weight of a complete cult double-axe from Juchtas. 9.8 cm. ΧΑΛΚΟΣ no 1705. 
(Michailidou 2003, 304, Tabl. 2). 
176 0.011 kg. Weight of an almost complete cult double-axe from Juchtas. 11.2 cm. ΧΑΛΚΟΣ no 
1684. (Michailidou 2003, 304, Tabl. 2). 
177 0.011 kg. Weight of an almost complete cult double-axe from Juchtas. 8.2 cm. ΧΑΛΚΟΣ no 
1687. Michailidou, 2003, 304, Tabl. 3). 
178 0.011 kg. Weight of a complete cult double-axe from Juchtas. 9.2cm. ΧΑΛΚΟΣ no 1690. 
(Michailidou 2003, 304, Tabl. 3). 
179 0.011 kg. Weight of an almost complete cult double-axe from Juchtas. 9.4 cm. ΧΑΛΚΟΣ no 
1691. (Michailidou 2003, 304, Tabl. 3). 
180 0.011 kg. Weight of an almost complete cult double-axe from Juchtas. 9.5 cm. ΧΑΛΚΟΣ no 
1673. (Michailidou 2003, 304, Tabl. 3). 
181 0.012 kg. Weight of a complete cult double-axe from Juchtas. 9.1 cm. ΧΑΛΚΟΣ no 1689. 
(Michailidou, 2003, 304, Tabl. 3)s  

182 0.012 kg. Weight of an almost complete cult double-axe from Juchtas. 10 cm. ΧΑΛΚΟΣ no 
1674. (Michailidou 2003, 304, Tabl. 3).  
183 0.012 kg. Weight of an almost complete cult double-axe from Juchtas. 10.8 cm. ΧΑΛΚΟΣ no 
644. (Michailidou 2003, 304, Tabl. 3). 
184 0.013 kg. Weight of an almost complete cult double-axe from Juchtas. 10.3 cm. ΧΑΛΚΟΣ no 
1700. (Michailidou 2003, 304, Tabl. 2). 
185 0.013 kg. Weight of an almost complete cult double-axe from Juchtas. 8.6 cm. ΧΑΛΚΟΣ no 
1688. (Michailidou,2003, 304, Tabl. 3). 
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186 0.013 kg. Weight of an almost complete cult double-axe from Juchtas. 11 cm. ΧΑΛΚΟΣ no 
1676. (Michailidou 2003, 304, Tabl. 3). 
187 0.014 kg. Weight of a complete cult double-axe from Juchtas. 9.2 cm. ΧΑΛΚΟΣ no 1843. 
(Michailidou 2003, 304, Tabl. 2). 
188 0.015 kg. Weight of an almost complete cult double-axe from Juchtas. 9.9 cm. ΧΑΛΚΟΣ no 
1704. (Michailidou,2003, 304, Tabl. 2). 
189 0.015 kg. Weight of an almost complete cult double-axe from Juchtas. 10.6 cm. ΧΑΛΚΟΣ no 
633. (Michailidou 2003, 304, Tabl. 3). 
190 0.015 kg. Weight of an almost complete cult double-axe from Juchtas. 11.5 cm. ΧΑΛΚΟΣ no 
1670. (Michailidou 2003, 304, Tabl. 3). 
191 0.016 kg. Weight of an almost complete cult double-axe from Juchtas. 10.3 cm. ΧΑΛΚΟΣ no 
1699. (Michailidou 2003, 304, Tabl. 2). 
192 0.016 kg. Weight of an almost complete cult double-axe from Juchtas. 11.2 cm. ΧΑΛΚΟΣ no 
1677. (Michailidou 2003, 304, Tabl. 3). 
193 0.018 kg. Weight of an almost complete cult double-axe from Juchtas. 11 cm. ΧΑΛΚΟΣ no 
1675. (Michailidou,2003, 304, Tabl. 3). 
194 0.019 kg. Weight of an almost complete cult double-axe from Juchtas. 10.6 cm. ΧΑΛΚΟΣ no 
1683. (Michailidou 2003, 304, Tabl. 2). 
195 0.021 kg. Weight of an almost complete cult double-axe from Juchtas. 11.7 cm. ΧΑΛΚΟΣ no 
1685. (Michailidou 2003, 304, Tabl. 2). 
195A 0.090 kg. Weight of a slightly restored copper/bronze axe-head from Juchtas, 21.7 cm. 
ΧΑΛΚΟΣ no 2732. (Michailidou 2003, 305, Tabl. 4). 
195B 0.091 kg. Weight of complete copper/bronze axe-head from Juchtas, 21.8 cm. ΧΑΛΚΟΣ no 
2731. (Michailidou 2003, 305, Tabl. 4). 

 
VI. ORNAMENTS 
 
47. ARMLETS / BRACELETS 
 
195C 0.008 kg. Weight of a Postpalatial armlet in four pieces from Tomb 9, Limenaria, Mochlos, 
ΧΑΛΚΟΣ no 2566. (Soles & Davaras eds., 2011, 48, IIC. 91/ SM 10332, Fig. 25, Pl. 18.) 
195D 0.014 kg. Weight of a nearly complete Postpalatial bracelet from Tomb 11, Limenaria, 
Mochlos,. ΧΑΛΚΟΣ no 1765. (Soles & Davaras eds. 2011, 48, IIC. 92/ CA 89, Fig. 25, Pl. 18). 
195E 0.016 kg. Weight of an intact Postpalatial armlet from Tomb 19.4, Limenaria, Mochlos, 
ΧΑΛΚΟΣ no 2581. (Soles & Davaras eds., 2011, 48, IIC. 93/ CA 150, Fig. 25, Pl. 18). 
 
50. EARRING 
 

196 0.001 kg. Weight of an almost complete Neopalatial Earring from Mochlos, Diam. 1.9 cm. 
ΧΑΛΚΟΣ no 1860. (Soles & Stos-Gale 2004, 50, no IC 274 / CA 86). 
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51. HAIRPINS 
 

197 0.004 kg. Weight of an almost complete pin from Akrotiri. (Michailidou 2001, 97, Tabl. 1). 
198 0.007 kg. Weight of a complete pin from Akrotiri. (Michailidou 2001, 97, Tabl. 1). 
 
IX. MISCELLANOUS OBJECTS 
 
52. BALANCE PANS 
 

199 0.013 kg. Weight of a complete balance pan from Akrotiri. (Michailidou 2001, 97, Tabl. 1). 
200 0.016 kg. Weight of a complete balance pan from Akrotiri. (Michailidou 2001, 97, Tabl. 1). 
201 0.052 kg. Weight of a complete balance pan from Akrotiri. (Michailidou 2001, 97, Tabl. 1). 

 
53. FISH HOOKS 
 

202 0.001 kg. Weight of a complete fish hook from Akrotiri. (Michailidou 2001, 97, Tabl. 1). 
203 0.002 kg. Weight of a complete Angelhaken from Uluburun, 4.1 cm. (Uluburun Catalog 2005, 
628, no 184a). 
204 0.002 kg. Weight of a complete Angelhaken from Uluburun, 4.6 cm. (Uluburun Catalog 2005, 
628, no 184b). 
205 0.005 kg. Weight of a complete fish hook from Akrotiri. (Michailidou 2001, 97, Tabl. 1). 
206 0.005 kg. Weight of an almost complete Neopalatial fish hook from Mochlos, 5.2 cm. ΧΑΛΚΟΣ 
no 1858. (Soles & Stos-Gale 2004, 50, no IC 267 / CA 13). 
207 0.012 kg. Weight of a complete fish hook from Akrotiri. (Michailidou 2001, 97, Tabl. 1). 

 
54. HINGES 
 

208 0.001 kg. Weight of an almost complete Neopalatial hinge from Mochlos, 1.4 cm. ΧΑΛΚΟΣ no 
1862. (Soles & Stos-Gale 2004, 50, no IC 278 / CA 5). 
209 0.001 kg. Weight of an almost complete Neopalatial hinge from Mochlos, 1.7 cm. ΧΑΛΚΟΣ no 
1864. 8Soles & Stos-Gale 2004, 51, no IC 283 / CA 96A). 
210 0.001 kg. Weight of a complete hinge from Akrotiri. (Michailidou, 2001, 97, Tabl. 1). 
211 0.003 kg. Weight of a complete hinge from Akrotiri. (Michailidou, 2001, 97, Tabl. 1). 
 
56. “CONES” 
 

212 0.200 kg. Weight of a complete Neopalatial “cone” from Zakros, 11.3 cm. ΧΑΛΚΟΣ no 1978. 
(Platon 1988 II, 206, no 7, fig. 129). 
213 0.250 kg. Weight of a complete Neopalatial “cone” from Zakros, 13.4 cm. ΧΑΛΚΟΣ no 53. 
(Platon 1988 II 206, no 8, fig. 129). 
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214 0.310 kg. Weight of a complete Neopalatial “cone” from Zakros, 11.8 cm. ΧΑΛΚΟΣ no 1977. 
(Platon 1988 II, 206, no 6, fig. 129). 
215 0.370 kg. Weight of a complete Neopalatial “cone” from Zakros, 13.1 cm. ΧΑΛΚΟΣ no 1976. 
(Platon 1988 II, 206, no 5, fig. 129). 
216 0.400 kg. Weight of a complete Neopalatial “cone” from Zakros, 20.7 cm. ΧΑΛΚΟΣ no 46. 
(Platon 1988 II, 204, no 1, fig. 127). 
217 0.460 kg. Weight of a complete Neopalatial “cone” from Zakros, 14.4 cm. ΧΑΛΚΟΣ no 49. 
(Platon, 1988 II 205, no 4, fig. 128.) 
218 0.480 kg. Weight of a complete Neopalatial “cone” from Zakros, 21 cm. ΧΑΛΚΟΣ no 47. 
(Platon 1988 II, 205, no 2, fig. 127). 
219 0.560 kg. Weight of a complete Neopalatial “cone” from Zakros, 17.2 cm. ΧΑΛΚΟΣ no 48. 
(Platon 1988 II, 205, no 3, fig. 127). 
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APPENDIX III.   
 
INGOTS AND BRONZE OBJECTS IN CRETAN MUSEUMS 
 
 
 
 
 
 
 

 
 
App. III / Fig. 1. Oxhide copper ingots from Hagia Triadha  

in Heraklion Museum. Photo: Jill Aschan. 
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App. III / Fig. 2.  
Oxhide copper ingot from 
Hagia Triadha with incised 
mark in Heraklion 
Archaeological Museum.  
Photo: Lena Hakulin.  

App. III / Fig. 3.  
Oxhide copper ingots from 
Zakros in Heraklion 
Archaeological Museum. 
Photo: Lena Hakulin. 

App. III / Fig. 4.  
Plano-convex (bun) ingots from 
Arkalochori in Heraklion 
Archaeological Museum.  
Photo: Lena Hakulin. 
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App. III / Fig. 5. 
Huge cauldrons from Tylissos in 
Heraklion Archaeological 
Museum. 
Photo: Lena Hakulin. 
 

App. III / Fig. 6. 
Tripod cauldron from Archanes 
Phourni, Tholos A in Heraklion 
Archaeological Museum.  
Photo: Lena Hakulin. 
 

App. III / Fig. 7. 
Ewer, cup and cauldron from 
Archanes Phourni, Tholos A 
in Heraklion Archaeological 
Museum.  
Photo: Lena Hakulin. 
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App. III / Fig. 8. 
Weapons from Nerokourou in 
Chania Archaeological 
Museum . 
Photo: Lena Hakulin.  
 

App. III / Fig. 9. 
Spearheads from Heraklion 
Archaeological Museum.  
Photo: Lena Hakulin.  

App. III / Fig. 10. 
Dagger from Malia in Heraklion 
Archaelogical Museum.  
Photo: Lena Hakulin. 
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App. III / Fig. 11 
Arrowheads from 
Arkalochori in Heraklion 
Archaelogical Museum. 
Photo: Lena Hakulin.  
 

App. III / Fig. 12 
Bronze helmet from New 
Hospital Cemetery Tomb V, in 
Heraklion Archaelogical 
Museum.  
Photo: Lena Hakulin. 
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App. III / Fig. 13 
Large saw and two saws folded 
twice from Zakros in Heraklion 
Archaeological Museum.  
Photo: Lena Hakulin.   
 

App. III / Fig, 14 
Cast double-axe and cult double-
axe in Heraklion Museum.  
Photo: Lena Hakulin.  
 

App. III / Fig. 15 
Cult double-axes from 
Arkalochori in Heraklion 
Archaeological Museum.  
Photo: Lena Hakulin. 
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App. III / Fig. 16 
Mirror and shallow bowl from 
Malia in Heraklion 
Archaeological Museum.  
Photo: Lena Hakulin.   
 

App. III / Fig. 17 
Mirror from Archanes 
Phourni, Tholos A in 
Heraklion Archaelogical 
Museum.  
Photo: Lena Hakulin.  

App. III / Fig. 18 
Scale pans from Mavro Spelio 
Tomb III in Heraklion 
Archaeological Museum.  
Photo: Lena Hakulin.  
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App. III / Fig. 19 
Crucible from LM II bronze 
workshop in the Unexplored 
Mansion at Knossos, in 
Stratigraphical Museum.  
Photo: Lena Hakulin.  
 

App. III / Fig. 20 
Crucible from LM II bronze 
workshop in the Unexplored 
Mansion at Knossos, in 
Stratigraphical Museum.  
Photo: Lena Hakulin. 
 

App. III / Fig. 21 
Mould from LM II bronze 
workshop in the Unexplored 
Mansion at Knossos, in 
Stratigraphical Museum.  
Photo: Lena Hakulin  
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