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The 1996 and 1997 excavations at Chrysokamino, Crete, have discovered new evi-
dence that has substantially changed our view of the early history of Minoan metallurgy.
When Keith Branigan wrote his definitive study of Aegean Metalwork of the Early and
Middle Bronze Age, only a few scraps of copper from Mochlos were known from the
Final Neolithic period (1974, 98). Because so little was known of Final Neolithic metal-
lurgy, he quite rightly concluded (based on the available evidence) that Minoan metal-
lurgy began in EM I, and that the EM I artifacts were "the early products of an infant
metalworking industry" (1974, 105). We can now push the beginnings of this industry
back into the Final Neolithic.

Chrysokamino is the site of a workshop where copper was smelted from the Final
Neolithic until Early Minoan I11. Although the beginning of Minoan metallurgy in this
period may seem surprising by Aegean standards, it is less unusual when seen against
the backdrop of Near Eastern metallurgical developments. Chalcolithic metallurgy has
been recognized in the Near East for several years, and the new information simply
means that the ideas of early metallurgy were more widely disseminated than was once
thought.

The site of Chrysokamino is a headland on the north coast of Crete, near the village
of Kavousi (Fig. 1). It is at the eastern side of the Gulf of Mirabello, a region that was
already well settled by small villages and farmsteads by the Final Neolithic period. The
site is a small saddle between outcrops of bedrock. It is a shallow trough that catches all
the north wind, and the site almost always has a fierce wind in late summer and fall, even
when the remainder of the same hill is more quiet. The location has been known since
1900 (Hawes 1908, 33), and it has been mentioned many times in the literature,
although it has never been excavated before (Mosso, 1910, 289-292; Schachermeyr,

FIG.1 The headland at Chrysokamino, Crete.
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1938; Faure 1966, 297-298; Branigan 1968, 50-51; Stos-Gale 1993, 124; Haggis 1992,
Locus 50 and 88; 1996, 380-381 and 401-403; Zois [1993], 340-341.

After preliminary work was accomplished in 1995, excavations were conducted in
two seasons (1996-97), under the direction of the writer with the collaboration of co-
director James D. Muhly. A nearby habitation site, also first inhabited in the Final
Neolithic but with continuing occupation until LM 111, was supervised by the other co-
director at the project, Cheryl R. Floyd. The project is sponsored by Temple University
with the collaboration of the University of Pennsylvania Museum for Archacology and
Anthropology.'

The history of the site can be traced by its pottery. The earliest fragments are from
Final Neolithic. They are all local, made from a coarse, dark-surfaced, burnished clay
fabric. Shapes include bowls, jars, and a pouring vessel with horned handle. They are
typical of the Final Neolithic pottery from central and eastern Crete. Only a single defin-
itive sherd from EM I and a single sherd from EM II come from the site, but the undi-
agnostic jar fragments may include other pieces from these periods. Many sherds are
from Early Minoan I1I, the final phase of the workshop. They include cooking vessels,
Jars, and fine pieces decorated in the typical East Cretan White-on-Dark Ware of EM I11.
The only building at the site is from this period.

No houses were found at the metalworking location. It was apparently used only as
a workshop, and the workers lived elsewhere, presumably 500 meters away at the
Chrysokamino habitation site where pottery from the Final Neolithic and Early Minoan
periods has been found under the later levels of occupation. Finds at the metalworking
site include stone tools, furnace fragments, large quantities of slag, small pieces of cop-
per ore, and animal bones and shells as well as the pottery that allows the site to be
assigned a date.

The slag occurs over the entire site, covering an area of over 2000 square meters,
with a maximum depth of 60 cm. It is all in small pieces. The material is dark and glassy
with small prills of copper included within the slag matrix.

Like the slag, broken furnaces occur over the complete site. The furnace fragments
consist of clay pieces from cylinders with holes every few centimeters. Most of the fur-
naces seem to have had diameters of between 20 and 40 cm., with open tops and closed

FIG.2 Restoration of the use of the bellows used to enhance the draft in the Chrysokamino
smelting operation, drawing by Lyla Brock based on suggestions by Harriet Blitzer.
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bases. They were made of coarse, porous clay, with substantial chaff added to the paste.
After use, the lower parts of the interiors of the furnaces were coated with slag, occa-
sionally with small prills of copper in it.

The stone tools consist of simple pounding tools. They are made from naturally
waterworn cobbles, and they show signs of wear from use as hammers, pounders, or grinders.

The most important other artifact class found at the site is a series of pieces of pot
bellows. They were hollow cylinders with open bases and closed tops with holes cut in
their upper surfaces to accommodate the leather of the bellows arrangement. A nozzle
led from each bellows to the furnace.

One small building was discovered at the site. It was made of perishable materials,
including wooden posts and some material for the walls that has disappeared. Soil was
used for the floor. Three strata, consisting of separate floor levels, were found inside the
structure. All were from EM III1.

The small building was oriented north and south, with an apse at the north. It was
2.60 m wide and 3.5 m north to south. At the south, three post holes could be distin-
guished, arranged in an east-west line with a wider spacing between the western hole
and its neighbor to the east. Additional post holes were at the sides of the building.

The floors were put directly over the slag, by bringing in soil and spreading it inside
the building. A hearth, consisting of an informal burned area near the north of the floor,
was in each stratum. Pottery and bellows fragments were on the middle floor.

A reconstruction of the steps in smelting suggests a simple operation. Probably the
ore was brought in to the site from some other location. Whether the source was in Crete
or outside of Crete is not known.

A furnace would be made by hand forming techniques, perhaps from local clay, using
chaff as a tempering material. The furnace would be formed as a hollow cylinder, per-
forated with many holes.

Wood for charcoal would be cut locally, and it is perhaps the source of fuel that
attracted the metalworkers to this location. It would almost certainly be made into char-
coal, although evidence for this operation was not discovered. It would be packed into
the small furnace along with pieces of copper ore. The charcoal would be set on fire, and
the fire would be aided both by a natural draft and by bellows worked by the smelters
(Fig. 2). After the ore was smelted, the furnace and its load would be broken into small
pieces to remove the prills of copper. This practice must have been standard for slags
resulting from smelting operations with poor separation of the metal. Only the smelting
was done at this site, and the prills would be transported elsewhere for re-melting and
for making artifacts. The site was abandoned after EM 111.

NOTES

1. The project worked under a permit issued by the Greek Ministry of Culture under
the auspices of the American School of Classical Studies at Athens. Thanks are
expressed to Nikos Papadakis, Director of the Ephorate for eastern Crete, and to the
Directors of the American School, W.D. Coulson (1995-1997) and James
D. Muhly (1997). Financial support was given by the Institute for Aegean Prehistory,
Temple University, the University of Pennsylvania Museum of Archaeology and other
donors.
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INEPIAHWH

H ©EXZH XYTEYIHE XAAKOY XTO XPYXOKAMINO THE KPHTHZ

PH. BETANCOURT

‘Eva epyaoujpt xtevong ano wmy Ilpotopvekl] nepiodo avakadigdnke oto
Xpuookapwo, ou) fépera akuj g Kpijue, kovid oto Kafotor oty avatodki nAevpd
tou vijorot. H Béon eivan éva pikpé akpouipt kovid o pla pvaikij ayporkia, 1) onoia
Aertodpynoe ano my Ipotopveiky] pexpt v Yotepopwvak] 11 nepiodo.

To epyaotipio ovviotata oe pua pikprj kadda pe yopduvo Sanedo, XTWOPEVT) Q1o
POapta viika. ‘E€w ano uy kaddfa vndpxer ovoompevpéviy okovpld XaAkos, nov
ouvviotatar o8 0wpé exktevépevo oe 200 tetpayovikd pérpa. Mali HE 11] OKOLPLd, 1)
avedpeot) Tpnpdtov ano kAifavo, Aoy epyaleiov, avOpaka kar GAAwmy LHOAEIPPGETOV
TOL EYXEIPIPATOS EMTPENIOVY TV QVanapdotact) 1ov otadiov g xotevong.

To epyaouipt xpnotponoinoe wpudvies yia ty porj tov aépa. H Kepapeikn g Ogong
elvar Avatodikrjg Kpijug, Gonpo néve oe okobpo eniypiopa (ITpwropivewry I11).
Met@Mevpa xadkot Sev éxer Bpebei oy yopw neproyy kat Bewpettar 61 pé@Xlov 1o
pet@devpa éprave péxpl 1o onpeio avté pe nofo.
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