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Metal Makes the World Go Round
Metal Production and Circulation at Haghia Triada
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Introduction

The neopalatial (1700-1450 B.C.) metal artefacts found at Haghia Triada represent
approximately the 60% of the entire amount of metal objects recovered from the central
region of Crete. Particularly significant is the presence of 19 copper ingots of the so-called
‘ox-skin' form, providing the highest existing concentration on the island. The lack of a
comprehensive study concerned with the production and use of these items (mostly bronze,
but also copper, silver as well as gold) found at the site over 100 years of excavation has
therefore incited the undertaking of the following research. .

Goals

The research, partly funded by INSTAP, examined approximately 250 artefacts stored
at the Archaeological Mission of Festos and the Archaeological Museum of Heraklion.

The study started with the typological and contextual analysis of artefacts (weapons,
utensils, toiletries, personal ornaments, votive objects, etc.) from warehouses, cultural areas,
workshops, etc. The aim was to analyse the relationship between (1) the main function of an
artefact and its context; (2) the spatial distribution of finished objects and raw materials; (3)
the amount of metals circulating or stored in repositories.

A key part is related to archaeometric analyses: LIBS (Laser-Induced Breakdown
Spectroscopy) analyses were performed on unpublished metal artefacts by F.O.R.T.H. -
Foundation for Research and Technology, Laboratory IESL - Institute of Electronic Structure
and Laser. The archaeometric analyses were carried out in order to (1) confirm the presence
of workshops in situ; (2) understand the function of such a high presence of ingots; (3)
highlight possible connections between the presence of ingots and the production of metal

objects.

Archaeometric analysis



LIBS is a spectroscopic analysis used to detect the chemical composition of materials.
In this case, it was performed to identify the elements present in bronze objects, providing
absolute concentration values for each element in order to accurately characterise the material
analysed from a qualitative and quantitative point of view and, for example, define the
mechanical properties of the alloy.

The advantages of LIBS are the relatively low amount of time required to perform the

analysis, sensitivity, simplicity of application, and the practically non-destructive method.

Metals stored VS metals in circulation

At Haghia Triada the spatial distribution of raw materials is significant: the 19 ox-skin
ingots were placed in the centre of the Villa (room no. 7), in a cell-like structure apparently
used to hide and protect what it contained. The ingots are not only to be considered as
functional for the metallurgical industry but also as valuable objects to be stored, in order to
apply a restrictive strategy intended to directly control the circulation and trade of copper,
which is the main component (ca. 80-90%) of bronze artefacts.

There are also temporary storerooms like those placed under the floor level of corridor
no. 9 of the Villa and storing prestige artefacts such as bronze foil vessels, which were used
episodically for the consumption of meals shared outside with ceremonial functions.

The distribution of finished objects on the site is fairly widespread, with a significant
concentration of tools and utensils (anvils, hammers, matrixes) and unfinished, incomplete
and miscellaneous objects (scraps, objects intended to be repaired or recycled) in two areas:
the eastern part of the so-called House of the Breccia Mace and the Northwest Quarter of the
Villa.

Workshops VS multifunctional spaces

Metallurgical activity seems to involve the same two areas: the House of the Breccia
Mace and the Northwest Quarter. The former was extended, in its final phase of life, with an
annex dedicated to craft activities such as weaving, stone pottery, woodworking and small-
scale metallurgical production. The second was characterised by multifunctional spaces used
as storerooms or work areas, also intended for metallurgical activities (finishing techniques
for shaping, repairing, or recycling metal objects) in close connection with the official rooms

used for ceremonial activities.

Results of the analyses



The results of the LIBS analyses are still being processed, but preliminary data are
already able to provide some answers. For example, what has so far been interpreted as an
ingot fragment from the House of the Breccia Mace, could instead be a scrap or by-product
due to the high presence of tin.

In general, the same type of alloy seems to have been used for all bronze objects (copper
+ tin, with a low amount of iron impurities and no detected concentration of lead); however,
the composition of the bronze differs due to the relative concentration of tin: lower in small
objects and higher in larger ones such as chisels, spearheads and daggers.

Beyond their interpretation, the presence of the 19 ingots is a clear indicator of Haghia
Triada's role in the management of raw materials. The site seems to be part of a supply and

exchange system that certainly also involved the nearby port of Kommos and Festos.
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- Italian Archaeological School of Athens

- Archaeological Museum of Heraklion, contact person Eleni Tziraki

- F.O.R.T.H. - Foundation for Research and Technology, Laboratory IESL-FORTH - Institute
of Electronic Structure and Laser, supervisor Demetrios Anglos, scientific referee Sophia
Sotiropoulou

- INSTAP - Institute for Aegean Prehistory
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Ewayoyn
Ta veoavaxtopikd (1700-1450 n.X.) petaAlkd avtikeipevo wov Bpédnkav oty Ayia
Tpuada aviimposmrebovy mepimov to 60% NS GLVOAIKNG TOGOTNTOS LETAAMK®OV OVTIKELLEVOV

OV aVOKTHONKOV amd OAOKAN PN TNV KEVTPIKN Tteployn T Kpnng. [daitepa onpavtikg etvon



N moapovsio 19 TAvBopdtov xalkol e AeyOUEVNG LOPPNG «OEPLATOG FOSIOVY, TOPEXOVTIS
TNV VYNAOTEPT LITAPYOVG O GLYKEVIPWON 670 VNoi. Emouévmg, n EAAetyn piog oAokAnpmuévng
LEAETNG OYETIKA [LE TNV TOPOY®YN KoL T ¥PNON OA®V T®V HUETOAMK®OV OVTIKEILEVOV (KUPImg
YOAKOV, OAAG Kot YOAKOD, 0pyDpoL KaOdS Kot xpucov) mov Bpédnkay 6to xdpo mtave ard 100

APOVIO VOCKOPNG HONGE ETOUEVMOS TNV AVAANYT TNG akOAoLONG £pevvoc.

Y1001

H épevva, mov ypnuotodombnke ev pépet and to INSTAP, e&étace mepimov 250
avtikeipeva, mov @LAAGGovior oty Apyatoroyikny AmoctoAn g DoeTov Kol GTO
Apyororoyiké Movaceio Hpaxieiov.

H peiétn Eexivnoe pe v TumoAOYIKY) KOl GUYKELUEVIKT] OVAALGT OVTIKELEV®V (OTTAQ,
oKevY, €101 KOAAOTIoUOV, TPOCMOTIKA GTOAIdWN, OvaONUOTIKG OVTIKEINEVH K.AT.) oo
amoONKEG, TOATIGTIKOVG YDPOLGS, EpYUSTNPL K.AT. O 6TOY0G NTaV va avalvBel 1) oyéon pnetacd
(1) g xOprog Aertovpyiog EVOC AVIIKEILEVOL KOl TOL TAALGIOV TOV. 2) TN XWPIKT KOTOVOLUY|
TOV TEMKOV OVTIKEWEVOV KOl TPOTOV LVA®V: (3) TNV TocOTNTA TOV HETOAA®Y TOV
KUKAOQOPOLV 1 arodnkevovtol o€ amobetnpla.

‘Eva Bacwcd pépog oyetiCeton pe T1g opyotopeTpikés avorvoels: ot avaivoelg LIBS
(Laser-Induced Breakdown Spectroscopy) mpaypatonomnkav c€ adnuocicevta PeETUAAKE
avtikeipeva and to F.O.R.T.H. - Idpvpa Teyvoroyiog kou ‘Epevvag, Epyactipio IHAA -
Ivotitovto  HAextpovikng Aourg  wor  Aéwlep. Ot opyYOOUETPKEG  OVOAVGELG
npaypatonomOnkav tpokeévon (1) va emPePoiwbei n mapovsio epyastnpiov in situ.(2) va
katavondei 1 Asrtovpyio pog 1660 VYNANG tapovsiog pdfdwv. (3) va emonudvovy mhoveg

oLVOECELG LETAED TNG TTaPOoLGig PAPBI®VY KAt TNG TAPUYMYNG LETOAAK®OV OVTIKEYULEVMV.

APYOLOPETPIKT GVAAVOT

To LIBS &ivatl pio ¢oGHOTOGKOMIKY] 0VAAVGT] TOV YPNGLLOTOLEITOL Y10 TV OViXVELGON
™G YMUIKNG obvieong TV LAMKOV. e oI TV TEPIMTOON, TpoyuaTomomOnKe yio. tov
TPOGOIOPIGHO TOV CGTOLEI®V TOV VILAPYOVY GE YAAKIVA OVTIKEILEVO, TOPEXOVTAS OTOAVTES
TIWEG GLYKEVIPMOOTG Yo KAOE 0TOXELD, TPOKEYWEVOD VAL XOPAKTNPIOTEL e aKpifelo To VAIKO
OV AVOADONKE a0 TOLOTIKN KOl TOCOTIKN GIOWN Ko, Yo Topddetypa, vo Kafoplotohv ot
UNYOVIKES 1010TNTEG TOL KPALLATOG.

Ta wheovexktnuata Tov LIBS givol n taydnra, 0 oxetikd pikpog xpdvoc Tov amotteiton
YL TNV €KTEAEOT TNG OVAALONG, M gvoucHncia, 1 ATAOTNTO EPAPUOYNAG KOL 1| TPOKTIKA N

KOTOGTPENTIKY HEB0SOC.



AmoOnkevpévo pétario VS o€ kukrlo@opia

v Ayla Tpidoa 1 YOPIKA KOTOVOUN TOV TPAOTOV LADV €lval onuoviikni: ot 19
papdovtaravta amd déppa Podiov tomobetnOnKav 610 KEVIPO NG EMavAng (dwudtio 7), o€
éva. €100 KLTTOPOELOOVE OOUNG OV TPOPAVAOS YPNCLULOTOMONKE Yo Vo KPOYEL KOl VL
mpootatevnoel 0,1t mepteiye. Ot papdovtdravta dev Tpémel Lovo va Bewpodvton AEITOVPYIKE
Y. T HETOAAOVPYIKN Prounyovia, ARG Kot TOAVTYO OVTIKEIHEVO, TPOG amodnkevon,
TPOKEWEVOD VO, EQAPHOCTEL L0 TEPLOPIOTIKT CTPATNYIKN TOV OMOCKOTEL GTOV Apecso EAeyyo
NG KLKAOQOPiag Kot TOv gumopiov yalkov, o omoiog gival to KOplo cvotatiko (nepinov 80-
90%) TV YOAKIVOV OVIIKEWHEVQOV.

Yrapyovv eniong Tpocwpivég amobnKeg, OTWG VTEG KAT® a0 TO EMIMESO TOV OATEOOV
0V dtdpdpov 9 g Bikog ko amobnikebovv avtikeipeva YoNTpov OnMe EMKAAVUUEVO LE
YOAKO ayyeio, ETEWN YPNOLUOTOLOVVTIOY TEPIGTAGLOKE V1oL TNV KOTOVAANDGT] YELLAT®OV TOV
popdlovrov EEm pe TEAETOVPYIKEG AelTOVPYiEC.

H katovopn tov TEMKOV aVIIKEIWEVOV TNV TEPLOYN ElvaLl apKeTH SLOOEOOUEVN, UE
ONUOVTIKT] CLYKEVIPMOT EPYOAEIMV Kol GKELOV (OUOVID, GELPLY, HNTPES), MUITEADV Kol
JpopmV  ovTikeéEVOY  (amoppippato, oviikeipeva mov mpoopiloviar Yo EMCKELT 1
AVOKOKA®OT) 6& 000 TEPLOYES: TO OVATOAKO TUNMA TOV AgyOpEVOL Xmitiov Tov Breccia Mace

Kol T0 fopelodutikd tétapto g Pilag.

Epyaotmipra VS morvrertovpykoi ympor

H petodiovpyikn dpactptotnto eoivetotl va apopd Tovg 10100G S0 YOPOVS: To Xmitt
tov Breccia Mace kat t Bopetodvtikr] Xvvoikia. H mpodtn enextddnke, otnv teElevtaio gpdon
™G (NG TG, LE EVa TapAPTNHO APEPMUEVO GE PLOTEXVIKEG OPAGTNPLOTNTES OTTMG N LVOAVTIKY,
n ABoteyvio, M oyyEOTAACTIKY, N ELAOVPYIKN Kol 1 HKPNG KMUOKOG HETAALOLPYIKN
napoywyn. H devtepn yapoaktnpldtay amd morlvAettoupykoh ydPovg Tov YPNCLOTOLOVVTOY
¢ amodnkeg N yopor epyacioc, TpooplloUeVol eTioNs Y10, LETOALOVPYIKEG OPACTNPIOTITES
(teyvikég Qvipiopatog Yoo T OUOPEMOT), TNV ETICKEVN 1] TNV OVOKOKAMOT UETOAAMK®OV
OVTIKEWULEVOV) GE OTEVI] GLVOEON WE TIS EMIONUEG oBOVCES TOV YPNGLULOTOOVVTOV Yol

TEAETOVPYIKEG OPAGTNPLOTITEC.

ATOTEAEGPRATO TOV AVOADGE®V
Ta anoteréopata tov avardcewv LIBS Bpickovrar axoun vid eneEepyasio, oAl Ta

TPOKATAPKTIKA oTot)Ela lvar 110M o€ BEom va ddcovy optopéveg anavtioets. ['a tapddstypa,



avTO OV UEYPL oNuEPO epunvevETL ¢ Bpadopa papdov amd v Owia Tov Maotiyiov
Breccia, 0a pmopovoe va givor avtifétog Opadopo 1| vIToTpoidov AOY®m TG VYNANE Tapovoing
KOOGGITEPOV.

g yevVIKEG YPOUUES, eaivetal va £xel ypnotpormombet o 1810¢ TOTOC KpApatog Yo OAa
T YAAKIVAL avTIKEIEVA (YOAKOC + KOGGITEPOC, LLE YOUNAT TOCOTNTA TPOSHIEEDY G1O1POL Kol
YOPIG aVIYVEDSIUN GLYKEVIP®OT LOAVPOOV)- ®GTOCO, 1| GUVOEGT TOL YOAKOD SLOPEPEL AOY®
NG GYETIKNG GLYKEVIPMONG KAGGITEPOL: YAUUNAOTEPT) OTO UIKPE OVTIKEIEVO KOl VYNAOTEPN
oTo peYorOTEPA, OTTMG CUIAES, alyIég SopdT®V Kot GTIAETO.

[Tépa and v epunveia Tovg, n Tapovsia Tov 19 pdfdmv arotedel capn Evoeltn tov
porov g Ayiag Tpiddag otn dayeipion TV TPOTOV VA®V. O YDOPOoS eaiveTal va amotedel
HEPOG EVOG GLUGTILOTOS EPOSIAC OV KOl OVTOALOYNG TTOL Giyovpa TEPIAAUPOVE KOl TO KOVTIVO

Apéve Tov Koppov kot g @oictov.

Epmiexopeva 1dpopora:
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- Apyororoyikd Movoegio Hpakieiov, vrebBuvn emikowvoviag EAévn T ipdaxn

- F.O.RT.H. - Topvpa Epevvac kor Teyvoroyiag, Epyactmpio IESL-FORTH -
Ivotitovto Hiektpovikng Aopng ko Aéwlep, emPrénov Anpitplog Ayyehoc, EmGTNUOVIKN
vevBovvn Zopia ZmtnpomoHAov

- INSTAP - Ivetitovto Aryaiaxng [poictopiag



