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Abstract In Covasna area from Romania, some hetero-

geneous metallurgical waste (slag) has been identified by

archaeological excavations. This paper presents the analy-

tical investigations of such an iron material, performed by

inductively coupled plasma atomic emission spectrometry,

energy dispersive X-ray fluorescence, X-ray diffraction and

thermal analyses. From mineralogical point of view, the

samples collected from the artefact are dominated by fayalite

and almandine. Also, the slag has an iron-dominated com-

position, with magnetite, tridymite and quartz, too. Mean-

while, the ratios SiO2/Al2O3 and K2O/MgO are rather low

(1.2–2), these being further proof for assigning the sample to

a slag one. Because CaO, MgO, and K2O have low con-

centrations, it may be concluded that another material has

been used tomelt themineral than the usually usedwood and

coal, most probably charcoal. The presence of vanadium is a

proof of iron production from magnetite ore or hematite.

Glass factor (G factor) of the monolithic samples has low

values, corresponding to almandine–fayalite–tridymite–

glass composite. The performed thermal analyses material-

ized into valuable information regarding the composition of

the analysed materials.
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Introduction

Iron is a metal with special properties by comparison with

other nonferrous metals known in the ancient times [1]. For

its production and processing in antiquity, it is difficult to

establish the origin of the raw materials only based on the

main and trace element contents from some metallic iron

artefacts found in ashes of campfires built on outcroppings of

iron ore or iron oxides [2]. The process of iron smelting was

known by the end of the second millennium BC, but some

technological bottlenecks should be taken into account,

especially the melting point (1540 °C), which was not

achieved in antiquity [3, 4]. Also, the use of limestone as a

flux was known in ancient iron ore processing. Nevertheless,

for the production of metallic iron, a considerable amount of

ferric oxide must be sacrificed to produce slag [1, 5].

In Romania, the frequent occurrence of iron slag in

several excavation layers, dating from the first to the sev-

enth centuries AD, proves that iron metal was processed on

a large scale [5]. High concentrations of iron tap slag (from

smelting) and furnace materials (furnace lining) have been

found in the hills between the villages of Covasna [5]. In

early Roman excavation from the city of Covasna area,

rejected hematite ore (associated with chert,\20 % Fe2O3)

has been found in association with metallurgical waste

(mainly smiting slag), trade iron (‘‘hooked billets’’) and

many shaped iron artefacts. However, no indication of the

ore has been found. Furnace hearths artefacts, with bloom

and tap slag attached, have been recovered from the surface

[6, 7]. The metallurgical waste shows an exceptional che-

mical composition, with remarkably elevated TiO2, V2O5,

CaO, MgO, Al2O3, SiO2, MnO, Fe2O3, ZnO, K2O, PbO, Sr

and Zr contents. Mineralogically, the slag has a magnetite-

dominated composition. The magnetite–titanite at this lo-

cation shows an excellent chemical correspondence to this
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