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ABSTRACT

Pyrometallurgical remnants, including slags and technical ceramics, offer
crucial insights into Early Medieval ironworking. Iron held substantial eco-
nomic significance during this era and its processing is particularly evident
in settlement agglomerations and proto-urban sites across Northern and
East Central Europe. Despite its importance, large-scale ironworking re-
mains inadequately explored within broader socio-economic contexts. Our
study examines around 300 kg of pyrotechnical waste from the northern
suburbium of the Mikul¢ice-Valy settlement agglomeration (Czech Republic)
using macroscopic and metallographic (SEM-EDS, WD-XRF) methods. The
findings reveal specialised blacksmithing characterised by intensity and di-
versity contributing to a better understanding of the operational dynamics
and installations in craft-production workshops. We propose that black-
smiths capitalised on the proto-urban environment, satisfying a high demand
for diverse iron commodities of a dense population actively engaged in house-
hold, agricultural and artisanal work. While elites facilitated access to raw
materials and maintained relative peace, direct control over iron production
and distribution among the elites appears limited, apart from valuables like
weapons. This study sheds light on the complex interplay between ironwork-
ers and political-economic structures, offering new perspectives on the mech-
anisms driving Early Medieval iron economies.
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1. Introduction: Ironworking in Early Medieval Central
Europe

The younger Early Middle Ages (ca 700-1000 AD) are com-
monly viewed as a time of significant economic change, marked
by intensified resource use and the expansion and diversifica-
tion of specialised craft production (e.g. Verhulst 2002, 76-84;
McCormick 2003, esp. 791-798; Loveluck 2013, 71-73; Mérinsky
2014a, 110). Iron, in particular, had considerable socio-economic
importance during this era. Archaeological evidence from sites
such as settlements, burials, and hoards indicate a high demand
for iron in the production of a wide range of agricultural and
craft tools, weapons, and infrastructure, including bridges and
ships (e.g. Coupland 1990, esp. 50; Westphalen 2002; Pold¢ek
2003; Disser et al. 2016; Zachrisson 2020, 110-111; Borzové et al.
2020; Miillerova 2021).

The wealth of these sources contrasts with the archaeological
remnants found at the actual ironworkingloci. Apart from hearths,
scrap and very rarely discarded tools, the primary archaeological
evidence for iron metallurgical activities consists of debris such
as slags, furnace fragments, and hammer-scale (Senn-Luder 1997,
33-37; Gassmann 2004; Pleiner 2006, 109-122; Herdick 2015, 98;
Hauptmann 2020, 200, Tab. 5.1). This type of source is frequently
overlooked and published with scientific indifference, resulting
in a shortage of both quantitative and qualitative data. This over-
sight leads to a biased assessment of its economic-historical sig-
nificance (e.g. Mittelstidt et al. 2022, 155).

What likely contributes to this perception is the notion
that ironworking in Medieval settlements was a commonplace
economic activity (Janssen 1983, 341-347; Baumhauer 2003,
297-298; Milo 2014, 67), especially considering that iron could
theoretically be smelted anywhere using locally available bog
ores (Hauptmann 2020, 117). However, the notion of universal,
self-evident iron production and processing oversimplifies or even
ignores its internal organisation, which is crucial for understand-
ing the connection between craft production, distribution, and
social complexity (Brumfiel, Earle 1987; Costin 1991; 2001; 2005).

The European iron crafting landscape of the Early Middle
Ages is extremely diverse. Its scale and intensity ranges from in-
dependent household production to large-scale industries in ur-
banised milieus. Intensive blacksmithing, sometimes associated
with high slag quantities exceeding several tons, is, for instance,
known from rural settings in Western Europe (e.g. Serneels 1995;
Eschenlohr et al. 2007; Loveluck 2013, 71-72). In Eastern Cen-
tral and Northern Europe, it is predominantly associated with
high-order settlements like fortified hillforts, early trading
towns or proto-urban sites (Vendtova 1969; Schoknecht 1977;
Westphalen 1989; Brinch Madsen 2004; Machacek et al. 2007;
Brather 2008, 211-212; Milo 2014, 74, 76).
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Fig. 1. The Mikulcice-Valy settlement agglomeration. 1 - Schematic overview of the fortified acropolis and the outer bailey with adjacent suburbia during the 2nd half of
the 9th century AD; 2 - Plan of the northern suburbium with excavated areas between 1972 and 2005; 3 - Middle Hillfort (800-950 AD) rural settlements with attested

ironworking in the hinterland of the agglomeration. Graphic by M. Lebsak.

Obr. 1. Sidelni aglomerace Mikul&ice-Valy. 1 - Schematicky prehled opevnéné akropole a vnéjsiho predhradi's pfilehlym pfedméstim ve druhé poloviné 9. stoleti; 2 - plan
severniho pfedhradi's vyzkumy v letech 1972-2005; 3 - stfedohradistni (800-950) venkovské osidleni's doloZzenym Zelezar'stvim v zdzemi aglomerace. Grafika M. Lebsak.

One of such proto-urban places is the Mikul¢ice-Valy strong-
hold or settlement agglomeration in the southern Czech Repub-
lic, where intensive ferrous and non-ferrous craft production
is evidenced, especially in its attached extramural settlements
(Klanica 1974; Klima 1985; Pola¢ek 2008, 280-284; Ungerman
2020, 179-180). In stark contrast to the unequivocal craft-related
character of this site, the evaluation of its rich pyrometallurgi-
cal material has been hitherto assessed only unsystematically
(Polécek 2008, 280-281; Poldcek et al. 2019, 467). The present
study aims to expand the current state of research on iron metal-
lurgical activities in Mikul¢ice-Valy significantly through macro
and microscopic analysis of its production debris as well as seek-
ing to discuss the results in the context of specialisation, elite
sponsorship, and proto-urbanity.

2. Archaeological background: The MikulCice-Valy site
and its northern suburbium

The Mikul¢ice-Valy site, located in the Hodonin district
of the South Moravian region, lies within the floodplain of
the River Morava, situated on the modern border between the
Czech Republic and Slovakia (Fig. 1: 1). Emerging as a central
settlement in the late 8th century AD, Mikulcice-Valy evolved
during the 9th century AD into what is typically categorised as
a ‘fortified town’ (ger. Burgstadt) or ‘settlement agglomeratior,
characterised by a cluster of features and functions typical of ur-
banised milieus (Brather 2008, 148-154; Méfinsky 2012, esp. 16,
31-35; Pola¢ek 2020a; 2020b). By the second half of the 9th cen-
tury AD, it consisted of a complex settlement topography, com-
prising a fortified acropolis with a densely built-up outer bailey
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and adjacent open suburbia (e.g. Poulik 1975; Prochdzka 2009,
159-176; Polac¢ek 2020a; see also Pold¢ek, Marek 2005). This ur-
banised layout included secular as well as ecclesiastical masonry
architecture and a high population density (Méfinsky 2012, 35;
Polac¢ek 2020c; Pold¢ek 2020d). The proto-urban economy was
driven by intensive craft production, access to long-distance
trade networks, a local market economy, and a dynamic rela-
tionship with an agrarian hinterland (Pola¢ek 2008; Hlavica,
Prochazka 2020a; 2020b; Hladik et al. 2022; Hlavica 2023).
Furthermore, its designation as a princely seat established it
as a residential power centre of the so-called ‘Great Moravian’
political entity until its decline in the early 10th century AD
(Kalhous 2020; Pol4éek 2020b; for the term ‘Great Moravia’, see
also Stefan 2011; Machacek 2009; 2015; 2021).

One significant topographic feature of the Mikul¢ice-Valy
agglomeration is the presence of open, extensive extramural
settlements or suburbia located on both sand dunes and alluvial
floodplains, extending within a radius of 700 m from the forti-
fied nucleus (Fig. 1: 1; Pold¢ek 2019). Although eight suburbia
covering an area of 150 ha have been identified so far, according
to the archaeological state of research, only 15 ha or 10% are
believed to have been inhabited (Pold¢ek 2019, 12). The subur-
bia were not fortified and primarily intended for basic dwelling
purposes, thus the economy of their inhabitants mainly revolved
around household subsistence. However, agricultural activities
and especially craft production are also archaeologically at-
tested (Poldcek, Marek 2005, 219, 237, 241-242; Poladéek 2019).

The northern suburbium (Fig. 1: 1, 1: 2), covering a total area
of 5 ha, extends on low-lying alluvial floodplains and is separated



Large-scale ironworking in Early Medieval proto-urban settlements: A case study from Mikulcice-Valy, Czech Republic e Lebsak, M., Kapusta, J.

Prehled vyzkumi 65/2, 2024 @ 51-76

from the nucleus by a former river branch of the River Morava. Six
archaeological campaigns conducted in 1972, 1974, 1975-1976,
1981-1982 and 2005, covering an area of approximately 0.2 ha,
yielded evidence of a short-lived settlement horizon with a dense
building structure consisting of floor backfills and pits dated to
the second half of the 9th/early 10th centuries AD (see below
Fig. 12; Poldcek, Marek 2005, 219, 237, 241-242; Mazuch 2019;
Polac¢ek 2019; Polalek et al. 2019, 450-455). Particularly note-
worthy is the high quantity of pyrometallurgical debris uncov-
ered in this area (Klima 1985; Pold¢ek 2008, 280-284). Almost
300 kg of iron slags and technical ceramics form the material
basis for the study presented here.

3. Materials and methods

In the preliminary stage, 287.5 kg of pyrometallurgical de-
bris (Tab. 1) were macroscopically-morphologically assessed
based on quantifiable parameters. These parameters included
weight, maximum length, width, height, top and profile shape,
as well as optical peculiarities, inclusions, and magnetisability,
utilising a standard hand magnet (Westphalen 1989, 20-24;
Cech, Walach 1998; Serneels, Perret 2003; Gassmann 2004,
73-74). Representable slag agglomerations were furthermore
photographed and drawn (for exemplary forms of presentation,
see Eschenlohr et al. 2007, 39-50; Schifer 2013). Fragmentary
and indeterminable objects as well as clay slags and possible
hearth parts were only weighed.

Every object was assigned to an excavation grid of 5x 5 m
(for the established excavation technique of the Mikuléice-Valy
site, see Poladek, Marek 2005, 17-20). The contextualization of
debris with archaeological features, particularly for the identifi-
cation of workshops, posed challenges. One major flaw is the loss
of the archaeological documentation from excavation campaigns
K 1972-111 and P 1981-82 (Pola¢ek, Marek 2005, 218, 241), alto-
gether representing around 50% of the total excavated area in the
northern suburbium. Unverifiable results of those excavations,
like plana drawings, are only available in the form of preliminary
reports (Klanica 1973; 1985). Despite the satisfactory standard
of documentation for the remaining campaigns P 1974-I and
P 1974-11 as well as the very detailed revision excavation P 2005,
their contribution to the assessment of ironworking-related
questions, especially regarding the comparative qualification
and classification of production waste, remains limited (Polécek,
Marek 2005, 218, 237; Mazuch 2019, esp. 185-187).

Five representative slag agglomerations (Tab. 2) were se-
lected for further scientific analysis to understand their role in
the ironworking chaine opératoire. They were impregnated by
epoxy resin due to either high porosity or compromised cohe-
sion resulting from extensive weathering. Individual samples
were cut to the appropriate format using a diamond saw after
the hardening time had elapsed. The cut-outs were further pro-
cessed into thin sections, which were polished with progres-
sively finer diamond pastes (up to 0.25 pm). The final polished
thin sections were thoroughly studied using an optical micro-
scope in PPL, XPL, and RL (reflected light) modes. Additionally,
microphotos were acquired in selected modes. The thin sections
were subsequently carbon-sputtered (with a 25 nm layer). The
selected phases were studied using an electron microprobe
(JXA 8600). Point analyses were acquired by energy dispersive
spectrometry (EDS mode).

The bulk composition was determined by a WD-XRF S4 Pi-
oneer. The measurements were carried out on 40 mm diameter
discs pressed from samples mixed with microcrystalline cellu-
lose in a ratio of 4: 1 under a pressure of 20 t. In-house reference
material (iron-slags) from the Department of Geology at Palacky
University Olomouc were used to calibrate the method.

4. Results

4.1 Metallurgical debris

The results drawn from the morphological and microscop-
ical evaluation of the material allows the classification into four
categories: blacksmithing slag, smelting slag, technical ceramics,
and ceramic slag (Tab. 1).

Blacksmithing or processing slag represent a total mass of
268.6 kg. The first type consists of 81.5 kg of 409 undamaged
calottes or so called plano-convex hearth bottoms, commonly
abbreviated as PCBs (Sperl 1980, 15; Serneels 1993, 47-49, 51,
Fig. 4, 118-119; Senn-Luder 1997, 35; Serneels, Perret 2003;
Pleiner 2006, 112-120; Eschenlohr et al. 2007, 30-34; Leroy et al.
2019, 30-33, Fig. 11; Hauptmann 2020, 243-244). The second
and third type comprise 24.3 kg of fragmented PCBs (25% to
75% of preservation) and 163 kg of slags representing mostly
small PCB fragments and irregular blacksmithing slags.

The most important morphological characteristic of PCBs
is the round or oval shape and convex bottom, originating from
the solidification on the base of a shallow sunken hearth or fire

Tab. 1. Qualitative and

quantitative overview of

pyrometallurgical debris types

from Mikulcice-Valy and their
percentage of the total mass.

Tab. 1. Kvalitativni a kvantita-

tivni pfehled typd pyrometalur-

Category Type Mass (kg) Mass (%) Method

Blacksmithing slag ~ PCB (n = 409) 81.5 28% Macroscopical, SEM-EDS, WD-XRF
PCB fragments (25-75% preservation) 24.3 8%
PCB fragments, irregular slags 163 57%

Smelting slag Tap slag(?) 2.7 1% Macroscopical, SEM-EDS, WD-XRF

Technical ceramics  Tuyeres, clay plugs, hearth parts 4.4 2% Macroscopical

Ceramic slag Slagged clay, irregular hearth parts 11.6 4% Macroscopical

Total 287.5 100%

gické suti a jejich procentudini
podil na celkové hmotnosti.

Season

Square

Weight (g)

Profile Comment Figure

594-357/72; K877|72 =7/-22 K 1972-111 PCB 331 Flat-convex With tuyere brick fragment Fig. 2:9
594-386/74; K153/74 -11/-23 P 1974-1 PCB 409 Concave-convex  Slightly dense Fig. 2: 6
594-465/74; P1096/74 -16/-30 P 1974-11 PCB 298 Flat-convex Hammer-scales on PCB top Fig. 2:1
P324/75 -16/-23 P 1975-76 PCB 545 Flat-convex With tuyere brick fragment Fig. 2:8
594-571/82; P1836/82 -14/-26 P 1981-82 Tap slag(?) 979 Irregular Very dense, slightly viscious Fig. 2:7

Tab. 2. Overview of the selected slag samples analysed by SEM-EDS and WD-XRF.
Tab. 2. Pehled vybranych vzorkd strusky analyzovanych pomoci SEM-EDS a WD-XRF.
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Fig. 2. Selection of iron slags from the northern suburbium of the MikulCice-Valy settlement agglomeration. 1 - PCB (594-508/74; P877/74); 2 - Small oval PCBs (left P80/75,
right P84/75); 3 - PCB (594-551/74; P1200/74); 4 - double PCB (594-372/74; K150); 5 - PCB (594-436/74; P1006/74); 6 - PCB (594-386/74; K153/74); 7 - smelting slag
(594-571/82; P1836/82); 8 - PCB with tuyere brick fragment (P324/75); 9 - PCB with tuyere brick fragment (594-357/72; K877/72); 10 - PCB with hammer-scale inclusion

(594-465/74; P1096/74). Photo and drawing by M. Lebsak.

Obr. 2. Vybér Zelezar'skych strusek ze severniho suburbia sidelni aglomerace MikulCice-Valy. 1 - PCB (594-508/74; P877/74); 2 - malé ovalné PCB (vlevo P80/75, vpravo
P84/75); 3 - PCB (594-551/74; P1200/74); 4 - dvojita PCB (594-372/74; K150); 5 - PCB (594-436/74; P1006/74); 6 - PCB (594-386/74; K153/74); 7 - hutnicka struska (594-571/82;
P1836/82); 8 - PCB s tilomkem dyznové cihly (P324/75); 9 - PCB s tilomkem dyznové cihly (594-357/72; K877/72); 10 - PCB s inkluzi okuje (594-465/74; P1096/74). Foto a kresba

M. Lebsak.

Fig. 3. Lamellar hammer-scales accumulated on top of PCB (594-465/74; P1096/74)
under the stereomicroscope. Photo by M. Chovanec.

Obr. 3. Lamelarn/ kladivkové Supiny nahromadéné na vrcholu PCB (594-465/74;
P1096/74) pod stereomikroskopem. Foto by M. Chovanec.
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pit (Fig. 2: 1, 3-6, 8-10). Smaller specimens tend to be more oval
in shape (Fig. 2: 2) but can be also irregular. Charcoal imprints
extending to several centimetres and sandy-clayish adhesions
are indicative of direct contact with fuel material and the hearth
lining during work. Fresh breakage displays a heterogenous
micro-stratigraphical composition with alternating dense and
porous layers, indicating a successive formation process of re-
peated cooling and reheating of the hearth during one unit of
work (Serneels, Perret 2003, 473), the changing of process steps
without cooling or the simultaneous work on multiple objects
(Kerbler 2019, 217). This is underpinned by the occurrence of
double PCBs consisting of two specimens solidified on top of
each other (Fig. 2: 4). Slag agglomerations of this type were
formed after the first solidification process was already finished
and shows that the hearth was not cleaned out before a new
unit of work was begun (Eschenlohr et al. 2007, 34-35, Fig. 38).
One PCB shows an accumulation of lamellar hammer scales on
the top side (Fig. 2: 10; Fig. 3). Hammer-scale of lamellar shape
forms as a result of oxidation on the iron surface during heat-
ing and is a direct proof for the blacksmithing or forging of iron
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Tab. 3. Comparative qualitative data on PCBs from Mikulcice-Valy and other Early Medieval sites in Europe with attested ironworking.
Tab. 3. Srovndvaci kvalitativni idaje o PCB z MikulCic-Valii a dal$ich rané stfedovékych lokalit v Evropé s doloZenym zpracovanim Zeleza.
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Graph 1. Percentage bar graph for PCB lengths per cm rounded to integer.
Graf 1. Procentualni sloupcovy graf pro délky PCB na cm zaokrouhlené na celd ¢isla.

objects (Eschenlohr et al. 2007, 73; Dungworth, Wilkes 2009). In
summary, PCBs emerge during heating of iron objects, when the
oxidation crust on the object drops into the hearth and connects
with charcoal ash and silica-rich liquid from fluxes or the hearth
lining (e.g. Serneels, Perret 2003). The potential working steps
leading to the formation of PCBs can range from the reheating of
iron blooms to, for instance, the complex manufacturing or re-
pairing of iron objects (Gassmann 2004, 73). This also directly af-
fects their mineralogical and chemical composition. Morpholog-
ical parameters allow the comparison to similar slag assemblages
from other Early Medieval sites in Europe (Tab. 3). PCB lengths
range between 3.8-12.5 cm, with a height or thickness between
1.3-6 cm and weight between 21-832 g (Graph 1-3).

PCBs constitute typical iron-rich silicate slags consisting
of ferrous olivine crystals, wiistite, leucite, and glass (Tab. 4-8;
Fig. 4-7). The chemical composition of olivine is predominantly
influenced by the fayalite (Fe,SiO,) end member, which is typi-
cal for slags derived from iron smelting and processing. Wiistite
(Fe>O) represents another important slag constituent formed
as aresult of iron oxidation and formation of hammer scales
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during blacksmithing (Eschenlohr et al. 2007, 22). Original
hammer scales of different shapes are occasionally identifiable
in PCBs and allow conclusions about the individual steps in
the metallurgical chain (Gassmann 2004, 76, 79; Kerbler 2019,
217; Hauptmann 2020, 244). However, such observations were
not made within the analysed samples. The presence of wiistite
varies across samples and within each sample, ranging from
wiistite-dominated to nearly wiistite-free zones. Wiistite forms
either oval isolated grains or more complicated intergrowths
(Fig. 6, 7). Leucite (K[AlSi,O_]) is one of the final phases in

the crystallisation sequence of slags, and in certain instances,
it exhibits signs of simultaneous formation with olivine. Leu-
cite often forms eutectic intergrowths with wiistite and occa-
sionally with olivine. The shapes are typically irregular or oval
(Fig. 7, 8). Glass is an irregular infill between individual crystal-
line phases. While no sample is holocrystalline, they are mostly
well crystalised. The colour in PPL ranges from light yellowish
green to opaque. Interstitial glass is also host to minute olivine
crystals. The chemical composition of glass is in some samples
surprisingly homogenous (Tab. 9) with a prevalence of silicon

Fig. 4. Examples of phases present in
sample 594-357/72; K877/72. A - PPL;
B - XPL; C - BSE; D - BSE. Ol - olivine,
Wiis - wiistite, Gl - glass, Lct - leucite,
Qtz - quartz, Lm - limonite. Photo by
J. Kapusta.

Obr. 4. Priklady fazi pfitomnych ve
vzorku 594-357/72; K877/72. A - PPL;
B - XPL; C - BSE; D - BSE. Ol - olivin,
Wiis - wiistit, Gl - sklo, Lct - leucit,
Qtz - kemen, Lm - limonit. Foto

J. Kapusta.

Fig. 5. Examples of phases present in
sample 594-386/74; K153/74. A - PPL;
B - XPL; C - BSE; D - BSE. Ol - olivine,
Wils - wiistite, Gl - glass, Lct - leucite.
Photo by J. Kapusta.

Obr. 5. Priklady fazi pfitomnych ve
vzorku 594-386/74; K153/74. A - PPL;
B - XPL; C - BSE; D - BSE. Ol - olivin,
Wiis - wiistit, Gl - sklo, Lct - leucit.
Foto J. Kapusta.
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dioxide (SiO,), calcium oxide (Ca0), iron-(II)-oxide (FeO) and
aluminium oxide (AL,O3).

The chemical composition of the studied smithing slags
consists mainly of iron oxides (56.19-72.59 wt. % of FeO), sil-
ica (17.61-28.58 wt. % of SiO2) and alumina (2.19-4.53 wt. %
of A1,O,) (Tab. 10). Sample K877/2 is enriched in calcium oxide
(4.64 wt. % of Ca0O), which can be explained by a strong contri-
bution of charcoal during slag formation (Eschenlohr et al. 2007,
e.g. 41, 45). Sample P1096/74 is characterised by a relatively high
phosphorus pentoxide content (1.25 wt. % of P,O,). It can hardly
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be interpreted as a smelting slag considering its typical PCB mor-
phology and visible large inclusions of hammer scales (Fig. 2: 10;
Fig. 3). Increased P,O, contents are known from comparable iron-
working slags (Selskiené 2007, 24; Dunster, Dungworth 2012, 15,
Tab. 6) and hammer scales (Dungworth, Wilkes 2009).

Iron smelting slags are large, chunky in shape, very dense and
bear a heavy metallic-grey, slightly viscous surface (Fig. 2: 7).
The magnetizability is low. Slags of this type constitute a mass
of 2.69 kg in total. Chemically, they represent iron-rich silicate
slags with similar phases as mentioned for PCBs yet showing

Fig. 6. Examples of phases present

in the sample 594-465/74; P1096/74.
A-PPL; B-XPL; C - BSE; D - BSE.

Ol - olivine, Wiis - wiistite, Gl - glass,
Lct - leucite. Photo by J. Kapusta.

Obr. 6. Priklady fazi pfitomnych ve
vzorku 594-465/74; P1096/74. A - PPL;
B - XPL; C - BSE; D - BSE. Ol - olivin,
Wiis - wiistit, Gl - sklo, Lct - leucit.
Foto J. Kapusta.

Fig. 7. Examples of phases present
in sample P324/75. A - PPL; B - XPL;
C - BSE; D - RL. Ol - olivine, Wiis -
wiistite, Gl - glass, Lct - leucite.
Photo by J. Kapusta.

Obr. 7. Priklady fazi pfitomnych ve
vzorku P324/75. A - PPL; B - XPL;

C - BSE; D - RL. Ol - olivin, Wiis -
wiistit, Gl - sklo, Lct - leucit.

Foto J. Kapusta.
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Fig. 8. Examples of phases present in
sample 594-571/82; P1836/82. A - PPL;
B - XPL; C - BSE; D - BSE. Ol - olivine,
Gl - glass, Lct - leucite. Photo by

J. Kapusta.

Obr. 8. Priklady fazi pfitomnych ve
vzorku 594-571/82; P1836/82. A - PPL;
B - XPL; C - BSE; D - BSE. Ol - olivin,
Gl - sklo, Lct - leucit. Foto J. Kapusta.

Sample (o] Wiis Spn Lct Phos Fe Gl Lm
594-386/74; K153/74 +++ ++ + + ++

594-357/72; K877|72 +++ ++ + + +
594-571/82; P1836/82 HH + + + + +

P324/75 +++ ++ + ++

594-465/74; P1096/74 +++ + + + ++

Tab. 4. Identified phase associations, based on EPMA and optical microscopy data. Ol - olivine, Wiis - wiistite, Spn - spinelide, Lct - leucite, Phos - phospates, Fe - iron,
Gl - glass, Lm - limonite.

Tab. 4. Identifikované fazové asociace na zakladé dat EPMA a optické mikroskopie. Ol - olivin, Wiis - wiistit, Spn - spinelid, Lct - leucit, Phos - fosféty, Fe - Zelezo, Gl - sklo, Lm - limonit.

An. N. 1 2 3 4 5 6 7 8 9 10 11 12 13
Phase ol ol ol ol Wiis Wiis Wiis Lct Lct Lct Gl Gl Gl
SOs b.d. b.d. b.d. b.d. b.d. b.d. b.d. 0.5 0.3 0.2 0.6 0.6 0.5
P,0s 0.2 0.3 b.d. b.d. b.d. b.d. b.d. 0.5 0.4 0.4 4.9 53 4.2
SiO, 28.9 28.5 28.7 28.9 b.d. b.d. b.d. 56.4 56.6 574 33.1 32.7 33.6
TiO; b.d. b.d. b.d. b.d. 0.2 0.3 0.3 0.3 0.2 0.2 0.3 0.2 0.2
ALO3 b.d. b.d. b.d. b.d. 0.2 0.3 0.3 24.3 24.3 24.7 14.1 18.7 12.8
Cr203 b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d.
CaO 0.8 1.1 0.8 1.2 b.d. b.d. b.d. 0.2 0.2 0.2 17.8 17.3 16.1
FeO 68.3 67.9 68.3 68.5 98.8 97.2 97.1 2.4 2.1 1.5 25.7 20.8 30.4
MgO 1.5 0.5 0.9 0.4 b.d. b.d. b.d. 0.3 0.3 0.3 b.d. b.d. b.d.
MnO 0.2 b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d.
ZnO b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d.
K>,O b.d. b.d. b.d. b.d. b.d. b.d. b.d. 14.6 15.1 15.9 1.5 1.9 1.5
Na,O b.d. b.d. b.d. b.d. b.d. b.d. b.d. 1.6 1.1 0.7 2.5 3.4 2.5
Sum 99.9 98.3 98.7 929.1 99.2 97.7 97.7 101.0 100.6 101.4 100.6 100.8 101.7
s - - - - - - 0.012 0.008 0.005 - - -
P 0.007 0.008 - - - - - 0.014 0.011 0.011 - - -
Si* 0.974 0.980 0.983 0.987 - - - 1.971 1.986 1.994 - - -
Ti* - - - - 0.002 0.002 0.003 0.007 0.006 0.005 - - -
Al> - - - - 0.002 0.004 0.005 0.999 1.003 1.011 - - -
Ca* 0.030 0.040 0.028 0.045 - - - 0.009 0.008 0.007 - - -
Fe* 1.924 1.955 1.958 1.957 0.992 0.988 0.988 0.069 0.061 0.043 - - -
Mg* 0.075 0.024 0.048 0.023 - - - 0.018 0.017 0.017 - - -
Mn? 0.006 - - - - - - - - - - - -
K - - - - - - 0.649 0.676 0.704 - - -
Na* - - - - - - - 0.109 0.074 0.050 - - -
Catsum 3.016 3.008 3.017 3.013 0.997 0.995 0.995 3.856 3.849 3.846 - - -

Tab. 5. Selected EDS analysis of phases from sample 594-357/72; K877/72. The apfu values are calculated based on 4 oxygen for olivine, 6 oxygen for leucite and 1 oxygen for
wiistite. B.d. - below the limit of detection.

Tab. 5. Vybrané EDS analyzy fézi ze vzorku 594-357/72; K877/72. Hodnoty apfu jsou vypocteny na zakladé 4 kyslikd pro olivin, 6 kysliki pro leucit a 1 kyslik pro wiistit.
B.d. - pod mezi detekce.
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An. N. 1 2 3 4 5 6 7 8 9 10 11 12 13
Phase ol ol ol Wiis Wiis Wiis Lct Lct Hc Hc Gl Gl Gl
SO3 b.d. b.d. b.d. b.d. b.d. b.d. 0.2 0.2 b.d. b.d. 0.9 0.7 0.6
P20s b.d. b.d. b.d. b.d. b.d. b.d. 0.3 0.4 b.d. b.d. 4.2 3.3 2.7
SiO: 28.8 28.4 28.6 b.d. 0.2 b.d. 57.6 57.0 0.6 0.3 30.9 34.3 40.7
TiO: b.d. b.d. b.d. 0.2 0.2 b.d. b.d. 0.2 0.2 0.2 b.d. 0.2 b.d.
AlLO; b.d. b.d. b.d. 0.4 0.4 b.d. 24.7 24.6 49.1 49.7 15.9 20.5 12.9
Cr,03 b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d.
Fe,O3 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 8.7 9.2 n.a. n.a. n.a.
CaO 1.3 0.6 0.3 b.d. b.d. b.d. b.d. b.d. b.d. b.d. 13.3 9.5 4.5
FeO 69.7 68.5 70.7 98.5 97.6 99.2 1.5 1.5 40.3 39.7 29.7 22.8 29.2
MgO b.d. 0.2 b.d. b.d. b.d. b.d. 0.3 0.3 b.d. 0.2 b.d. b.d. b.d.
MnO 0.4 0.8 b.d. 0.2 0.3 b.d. b.d. b.d. b.d. 0.2 b.d. b.d. b.d.
ZnO b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d.
KO b.d. b.d. b.d. b.d. b.d. b.d. 15.7 15.8 b.d. b.d. 2.0 6.6 7.1
Na,O b.d. b.d. b.d. b.d. b.d. b.d. 0.7 0.7 b.d. b.d. 2.5 0.9 1.4
Sum 100.2 98.5 99.6 99.2 98.8 99.2 101.2 100.7 99.0 99.5 99.5 98.8 99.1
se - - - - - - 0.006 0.006 - - - - -
P - - - - - - 0.010 0.012 - - - - -
Si** 0.979 0.982 0.981 - 0.003 - 2.002 1.993 0.018 0.009 - - -
Ti* - - - 0.002 0.001 - - 0.005 0.005 0.005 - - -
Al - - - 0.006 0.006 - 1.013 1.015 1.755 1.764 - - -
Fe* - - - - - - - - 0.200 0.209 - - -
Ca* 0.046 0.023 0.011 - - - - - - - - - -
Fe* 1.983 1.980 2.027 0.986 0.979 1.000 0.043 0.043 0.823 0.790 - - -
Mg - 0.011 - - - - 0.017 0.016 - 0.009 - - -
Mn* 0.013 0.023 - 0.002 0.003 - - - - 0.005 - - -
K - - - - - - 0.697 0.705 - - - - -
Na' - - - - - - 0.050 0.047 - - - - -
Carsum 3.021 3.018 3.019 0.995 0.993 1.000 3.838 3.841 2.801 2.791 - - -

Tab. 6. Selected EDS analysis of phases from the sample 594-386-77. The apfu values are calculated based on 4 oxygen for olivine, 6 oxygen for leucite, 4 oxygen for hercynite
and 1 oxygen for wilistite. B.d. - below the limit of detection, n.a. - not analyzed.

Tab. 6. Vybrané EDS analyzy fézi ze vzorku 594-386-77. Hodnoty apfu jsou vypocteny na zakladé 4 kyslikii pro olivin, 6 kyslikd pro leucit, 4 kysliki pro hercynit a 1 kyslik pro
wiistit. B.d. - pod mezi detekce, n.a. - neanalyzovéno.

An. N. 1 2 3 4 5 6 7 8 9 10 1 12 13
Phase ol ol ol ol Lct Lct Lct Wiis Wiis Wiis Gl Gl Gl
SO; 0.2 0.3 b.d. b.d. b.d. 0.2 0.2 b.d. b.d. b.d. 0.8 1.1 1.0
P05 0.2 0.2 0.5 b.d. 0.2 b.d. 0.2 b.d. b.d. b.d. 3.5 1.8 4.4
SiO. 30.4 30.2 29.6 29.8 56.0 55.6 55.7 b.d. b.d. b.d. 42.0 45.5 41.3
TiO: b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. 0.2 0.2 0.7 1.0 0.5
Al,Os b.d. b.d. b.d. b.d. 23.8 23.7 23.4 b.d. b.d. b.d. 2.9 2.9 2.4
Cr.03 b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d.
CaO 17.5 12.4 10.3 9.8 b.d. 0.2 0.2 b.d. b.d. b.d. 3.9 3.0 5.4
FeO 51.0 56.5 59.0 59.5 1.2 1.4 2.0 99.5 99.3 99.2 30.8 29.5 29.5
MgO 0.5 0.4 1.1 0.2 0.3 0.3 0.3 b.d. b.d. b.d. b.d. b.d. b.d.
MnO b.d. 0.2 b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d.
ZnO b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d.
KO b.d. b.d. b.d. b.d. 18.3 18.4 17.7 b.d. b.d. b.d. 12.6 13.2 12.6
Na.O b.d. b.d. b.d. b.d. 0.2 b.d. 0.2 b.d. b.d. b.d. 2.4 2.2 3.1
Sum 99.8 100.2 100.4 99.3 99.9 99.8 100.0 99.5 99.4 99.4 99.6 100.3 100.2
Se* 0.005 0.007 - - - 0.006 0.005 - - - - - -
p 0.006 0.005 0.013 - 0.006 - 0.007 - - - - - -
Si*" 0.982 0.984 0.969 0.991 2.003 1.996 1.996 - - - - - -
Ti* - - - - - - - - 0.001 0.002 - - -
Al> - - - - 1.003 1.003 0.988 - - - - - -
Ca* 0.605 0.433 0.360 0.350 - 0.006 0.006 - - - - - -
Fe* 1.378 1.539 1.616 1.657 0.035 0.043 0.061 1.000 0.997 0.996 - - -
Mg?* 0.023 0.022 0.054 0.012 0.016 0.015 0.016 - - - - - -
Mn? - 0.005 - - - - - - - - - - -
K - - - - 0.834 0.843 0.811 - - - - - -
Na* - - - - 0.011 - 0.013 - - - - - -
Catsum 2.999 2.995 3.012 3.009 3.909 3.912 3.902 - - - - - -

Tab. 7. Selected EDS analysis of phases from the sample 594-465/74; P1096/74. The apfu values are calculated based on 4 oxygen for olivine, 6 oxygen for leucite and
1 oxygen for wiistite. B.d. - below the limit of detection.

Tab. 7. Vybrané EDS analyzy fazi ze vzorku 594-465/74; P1096/74. Hodnoty apfu jsou vypocteny na zakladé 4 kysliki pro olivin, 6 kysliki pro leucit a 1 kyslik pro wiistit.
B.d. - pod mezi detekce.
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An. N. 1 2 3 4 5 6 7 8 9 10 11 12 13
Phase ol ol ol ol Wiis Wiis Wiis Lct Lct Lct Gl Gl Gl
SOs b.d. b.d. b.d. b.d. b.d. b.d. b.d. 0.2 0.3 0.2 0.8 0.7 1.1
P20s b.d. b.d. 0.7 0.6 b.d. b.d. b.d. 0.4 0.3 0.4 4.3 4.0 4.3
SiO, 29.5 29.4 29.8 29.8 b.d. b.d. b.d. 57.4 56.9 56.8 33.6 34.0 33.2
TiO: b.d. b.d. b.d. b.d. 0.3 0.3 0.3 b.d. b.d. 0.2 0.3 0.3 0.7
ALO3 b.d. b.d. b.d. b.d. 0.2 0.3 b.d. 24.9 24.5 24.6 17.7 14.8 13.2
Cr203 b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d.
CaO 1.4 1.6 16.8 13.7 b.d. b.d. b.d. b.d. 0.2 0.2 17.1 17.7 18.1
FeO 65.7 66.4 52.6 55.7 98.7 98.5 98.4 2.1 1.7 1.2 22.0 24.7 25.6
MgO 2.5 2.2 b.d. 0.2 b.d. b.d. b.d. 0.4 0.3 0.3 b.d. b.d. b.d.
MnO b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d.
ZnO b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d.
KO b.d. b.d. b.d. b.d. b.d. b.d. b.d. 15.1 16.5 16.5 2.5 2.2 1.7
Na,O b.d. b.d. b.d. b.d. b.d. b.d. b.d. 0.8 0.8 0.7 2.5 2.0 2.3
Sum 99.2 99.7 99.8 100.0 99.2 929.1 98.6 101.3 101.5 101.3 100.6 100.4 100.1
Se* - - - - - - - 0.006 0.007 0.006 - - -
P - - 0.019 0.016 - - - 0.011 0.008 0.012 - - -
Si** 0.989 0.985 0.968 0.973 - - - 1.993 1.988 1.983 - - -
Ti* - - - - 0.003 0.002 0.002 - - 0.005 - - -
Al - - - - 0.002 0.004 - 1.020 1.010 1.014 - - -
Ca* 0.052 0.058 0.584 0.481 - - - - 0.007 0.009 - - -
Fe* 1.843 1.860 1.432 1.524 0.991 0.989 0.995 0.061 0.049 0.035 - - -
Mg* 0.127 0.112 - 0.011 - - - 0.019 0.017 0.017 - - -
K - - - - - - - 0.667 0.734 0.736 - - -
Na* - - - - - - - 0.056 0.056 0.050 - - -
Catsum 3.011 3.015 3.003 3.004 0.996 0.996 0.998 3.831 3.875 3.867 - - -

Tab. 8. Selected EDS analysis of phases from sample P324/75. The apfu values are calculated based on 4 oxygen for olivine, 6 oxygen for leucite and 1 oxygen for wiistite.
B.d. - below the limit of detection.

Tab. 8. Vybrané EDS analyzy fézi ze vzorku P324/75. Hodnoty apfu jsou vypocteny na zékladé 4 kysliki pro olivin, 6 kysliki pro leucit a 1 kyslik pro wiistit. B.d. - pod mezi detekce.

An. N. 1 2 3 4 5 6 7 8 9 10 11 12 13
Phase ol ol ol ol ol ol Wiis Wiis Phos Phos Phos Phos Phos
SO3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 b.d. b.d. b.d. b.d. b.d.
P20s 1.3 2.2 1.3 1.1 0.7 3.2 b.d. b.d. 45.0 38.4 37.7 42.1 41.8
SiO; 27.2 26.8 27.5 27.6 28.0 26.1 b.d. 0.2 0.5 1.8 2.3 0.7 0.6
TiO» b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. 1.2 1.2 0.8 0.6
AlLO; b.d. 0.2 b.d. b.d. b.d. b.d. b.d. b.d. 0.2 b.d. 0.3 b.d. b.d.
Cr203 b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d.
CaO 0.2 0.3 0.3 0.2 0.2 0.3 b.d. b.d. 43.9 7.8 7.4 20.9 20.7
FeO 68.9 68.9 69.6 69.1 69.7 69.0 98.5 97.3 8.9 42.5 42.0 34.1 334
MgO b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. 0.2 b.d.
MnO 1.6 1.5 1.5 1.7 1.7 1.4 0.3 0.3 0.3 1.6 1.3 2.3 2.3
ZnO b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d.
K.O b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. 0.6 4.6 5.9 0.2 b.d.
Na,O b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. 1.5 1.4 1.4 b.d. b.d.
Sum 99.2 99.8 100.1 99.7 100.4 99.9 98.8 97.8 101.0 99.3 99.5 101.1 99.4
P 0.038 0.063 0.036 0.033 0.021 0.092 - - - - - - -
Si 0.936 0.910 0.936 0.943 0.954 0.882 - 0.002 - - - - -
Al - 0.008 - - - - - - - - - - -
Ca 0.007 0.010 0.011 0.007 0.007 0.010 - - - - - - -
Fe 1.980 1.960 1.983 1.976 1.983 1.955 0.997 0.992 - - - - -
Mn 0.047 0.042 0.044 0.048 0.050 0.040 0.003 0.003 - - - - -
Catsum 3.008 2.992 3.010 3.007 3.015 2.980 1.000 0.998 - - - - -

Tab. 9. Selected EDS analysis of phases from the sample 594-571/82; P1836/82. The apfu values are calculated based on 4 oxygen for olivine and 1 oxygen for wiistite.
B.d. - below the limit of detection.

Tab. 9. Vybrané EDS analyzy fézi ze vzorku 594-571/82; P1836/82. Hodnoty apfu jsou vypocteny na zakladé 4 kysliki pro olivin a 1 kysliku pro wiistit. B.d. - pod mezi detekce.

a more homogeneous microstructure (Tab. 9; Fig. 8). Moreover,
olivines are more isometric in shape than tabular or skeletal. One
remarkable feature is the significantly high phosphorus pentox-
ide (5.44 wt. % P,O_) and manganese (II)-oxide (1.6 wt. % of
MnO) content in sample 594-571/82; P1836/82 (Tab. 10). The
enrichment in P,O, can is a strong sign for the smelting of phos-
phorus-rich bog ores.

The morphology of iron smelting slags however stands in
contrast to the ones of other contemporaneous reduction slags,
which are typically constituted of much more delicate and den-
dritic tap slags and porous, rusty hearth slags with many charcoal
inclusions (Serneels 1993, 108-112; Hauptmann 2020, 236-237).

Technical ceramics constitute 4.4kg (Tab. 1). The first
type is of sherd-like appearance, on 13 occasions with partially
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trysky z vikingského Ribe (Dansko)

Sample 594-357(72; K877/72  594-386/74; K153[74 594-465/74; P1096/74 P324/75 594-571/82; P1836/82
SO3 0.033 0.026 0.055 0.023 0.026
P05 0.797 0.605 1.249 0.450 5.439
SiO, 28.58 17.61 24.05 28.42 23.65
TiO, 0.137 0.108 0.190 0.253 0.123
ALO; 4.528 3.313 4.04 4.088 2.19
FeO 57.374 72.592 62.378 56.186 59.894
CaO 4.643 1.016 2.123 3.831 1.54
MgO 0.392 0.145 0.330 1.828 0.049
MnO 0.111 0.317 0.111 0.041 1.598
K.O 2.657 0.805 1.22 1.337 0.686
Na,O 0.268 0.231 0.449 0.359 0.231
Sum 99.519 96.768 96.195 96.815 95.426
Ag (ppm) b.d. b.d. b.d. b.d. b.d.
As 29 21 27 15 17
Ba 26 160 150 b.d. 3010
Cd b.d. b.d. b.d. b.d. b.d.
Co 57.6 69.23 57.26 52.91 55.04 Tab. 10. Bulk chemical composition of
Cu 198.7 404.9 80.8 46.1 36.7 the studied slags. Oxides are in wt. %,
; trace elements are in ppm;
Ni 44.2 62.2 28.3 39.4 14.2 b.d. - below the limit of detection.
Sb 7.7 b.d. b.d. 7.8 8.68 Tab. 10. Objemové chemické sloZeni
Sn 7.137 7.622 7.478 7.283 7.451 studovanych strusek. Oxidy jsou
Sr 98.39 50.2 68.7 89.34 976 uvedeny v hmotnostnich procentech,
- - . - . stopové prvky v ppm; b.d. - pod mezi
Zn b.d. b.d. b.d. b.d. 11 detekce.
12 . .
M Ribe (bronze-casting) n = 15
M Ribe (ironworking) n = 39
10 M Mikulgice-Valy (N-Suburbium) n = 13
8
6
4
Graph 4. Comparison between tuyere
brick fragments with measurable
2 inner diameter of the nozzle from
Viking Age Ribe (Denmark) and
Mikul€ice-Valy in cm.
Graf 4. Srovnéni fragment( dyznové
0 cihly s méfitelnym vnitnim prdmérem
31 -
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preserved nozzles (Fig. 9: 1-6). This type represents remains of
tuyere bricks for protecting the bellows from sparks and heat
from the hearth. Identical debris are known from several Early
Medieval sites in Central Europe and Scandinavia (Schoknecht
1977, 155; Roesdahl 1977, 45, 61-62; Westphalen 1989, 74-80;
Senn-Luder 1997, 36; Brinch Madsen 2004, 187-188; Pleiner
2006, 132-133).

Caused by varying atmospheric conditions and tempera-
tures, the front surface facing the hearth interior appears ochre-
ous to greenish-black and glazed. The outer surface is beige,
smoothly transitioning to reddish-orange colours around the
blowhole (Fig. 9: 1, 4-6). In some cases, straight-lined vitrified
clay was identified on top of PCBs (Fig. 2: 8-9). This proves that
the tuyere brick front protruded inside the fire-pit and formed in
contact with the slag mass. The nozzle must have been situated

18 19 2 21 22 23 24 25 26 27 28 29 3

3.8 a MikulCice-Valy v cm.

only several centimetres above the lower edge of the tuyere brick
(for a similar observation, see Schifer 2013, 300).

The inner diameter of the nozzles can be divided into two
groups of either ca 1.3-1.5 cm or 2.2-2.4 cm if measured at the
outer surface facing away from the hearth (Tab. 11). Similar re-
sults from Viking Age Ribe show, that this is no arbitrariness, for
instance from measuring two sides of one and the same conical
nozzle. In Ribe, the narrower type of nozzle with a diameter be-
tween 1.1-1.4 cm is associated exclusively with bronze-casting,
while the wider type around 2-3.8 cm is related to ironworking
(see Graph 4; Brinch Madsen 1984, 30; 2004, 192; for a similar
observation in Viking Age Hedeby, yet without data, see Dre-
scher 1983, 184). The northern suburbium yielded the highest
concentration of crucibles in the Mikulcice-Valy settlement
agglomeration (Polacek, Krupi¢kova 2020, 188-189, Fig. 107)
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Fig. 9. Selection of technical ceramics from the northern suburbium of the Mikulcice-Valy settlement agglomeration. 1, 2, 4 - Tuyere brick fragments with large nozzles;
3,5, 6 - tuyere brick fragments with small nozzles; 7 - tubular tuyere(?); 8, 9 - clay plugs. Photo and drawing by M. Lebsak.

Obr. 9. Vybér technické keramiky ze severniho suburbia sidelni aglomerace Mikulice-Valy. 1, 2, 4 - Zlomky dyznové cihly s velkymi nélevkami; 3, 5, 6 — zlomky dyznové cihly

s malymi nélevkami; 7 - trubkovitd dyzna(?); 8, 9 - hlinéné zatky. Foto a kresba M. Lebsak.

Inv. No. Square Season Tuyeére diameter (cm)
P1435/82 -15/-27 P 1981-82 2.4
K935/72 -8/-23 K 1972-II1 2.2
720/74 -18/-31 P 1974-11 2.2
P58/81 -12/-24 P 1981-82 2.2
P1751/81 -14/-25 P 1981-82 2.2
P1045/74 -20/-29 P 1974-11 1.5
P723/74 -18/-31 P 1974-11 1.5
P321/75 -15/-23 P 1975-76 1.5
P1146/81 -18/-23 P 1981-82 1.5
P3072/81 -18/-23 P 1981-82 1.5
P4/81 -13/-24 P 1981-82 1.5
P367/75 -14/-22 P 1975-76 1.3
P1993/81 -14/-25 P 1981-82 1.3

Tab. 11. Overview of tuyere brick fragments from Mikul¢ice-Valy with measurable
inner diameter of the nozzle.

Tab. 11. Pi‘ehled fragmenti dyznovych cihel z Mikul¢ic-Vali s méfitelnym vnitinim

pridmérem trysky.

and non-ferrous metal working therefore was undoubtedly con-
ducted in this area. However, such a technical differentiation
between tuyeres types, or ultimately types of bellows, cannot
yet be proven archaeologically in our case, but neither can it be
refuted a priori.

Tuyére bricks have a wall thickness between 0.7-2.8 cm. It is
unclear if this represents the original state or the final stage after
intensive wear (Gustafsson 2009, 258; Jentgens 2009, 45). Due to
the degree of fragmentation, it is not possible to reconstruct the
exact shape, height, and length of the tuyere bricks. Analogical
material from Scandinavia made of clay and steatite suggests
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a movable semi-circular disc with a height of 10-15 cm, width of
20-25 cm, and a wall thickness ranging between 1-10 cm with
a focus between 3-5 cm (see below Fig. 13; Glob 1959; Resi 1979,
67-72; Westphalen 1989, 74-77, Fig. 25; Brinch Madsen 2004,
187-188). Such portable devices with inserted pairs of concer-
tina bellows are depicted on the mid-11th century AD Ram-
sund rock carving in Sédermanland, Sweden (Fig. 10: 1) and
a wooden door panel from the Hyllestad stave church in Norway
dated to the 12th century AD (Fig. 10: 3; for dating see Diiwel
1988, 134; Roden, Weisgerber 1998). Another interpretative
solution is a stationary tuyere as a hypothetical combination of
a clay superstructure system with the hearth lining, as can be
seen on a depiction of the Carolingian 9th century AD Stutt-
gart Psalter (Fig. 10: 2; see also Senn-Luder 1997, 31, Fig. 10, 36;
Eschenlohr et al. 2007, 31, Fig. 32). In this case, the archaeolog-
ical remains clearly constitute the vitrified outer surface of the
tuyere installation.

The second type of bellows protection is represented by
a small heavily sintered tubular clay tuyere with a diameter
of 3.1 x3.4cm and a deformed inner width of approximately
1.5x2.1 cm (Fig. 9: 7). Although tubular tuyeres have been in
some cases attributed to blacksmithing hearths (Galuska 1992,
152, Fig. 17: 9; Senn-Luder 1997, 32; Pleiner 2000, 206), the ma-
jority, at least in Central European Medieval contexts, relates
to iron smelting in embanked or free-standing shaft furnaces
(e.g. Souchopovd 1986; Kempa 2003, 28-29, Fig. 15). The rela-
tion between the tubular tuyere and the sparse proof of smelt-
ing slags remains unclear. Due to its deformed condition and
relatively small size, even an attribution as a partially molten
crucible or clay plug cannot be ruled out.
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Fig. 10. Depiction of tuyere bricks, bellows, and ironworking hearths in Medieval iconography. 1 - Ramsund rock carving, Sweden (11th c. AD); 2 - Stuttgarter Psalter,
Germany (9th c. AD); 3 - Hyllestad church, Norway (12th c. AD). After Nordisk familjebok (1), Wiirttembergische Digitale Bibliothek (2), Riksantikvaren (3). Adapted by

M. Lebsak.

Obr. 10. Vyobrazeni dyznovych cihel, méchi a Zelezaf'skych ohnist ve stfedovéké ikonografii. 1 - Skalni rytina v Ramsundu, Svédsko (11. stoleti); 2 - Stuttgartsky Zaltar,
Némecko (9. stoleti); 3 - kostel Hyllestad, Norsko (12. stoleti’). Podle Nordisk familjebok (1) a Wiirttembergische Digitale Bibliothek (2), Riksantikvaren (3).

Upravil M. Lebsak.

The third type of technical ceramics is represented by two
cylindric, vitrified clay plugs with a length of about 3.5 cm and
an oval profile (Fig. 9: 8, 9). Both appear to be fragmented on
one end. Identical objects are known from Viking Age Hedeby
and Ribe, however without a clearly assigned function (West-
phalen 1989, 20; 100, Tab. 6: 1-3; Brinch Madsen 2004, 201).
More recent studies from Anglo-Scandinavian contexts suggest
a connection with copper brazing, more specifically for joining
or soldering the components of padlocks, or iron bells, in clay
wrappings (Ottaway, Rogers 2002, 2863; Gustaffson 2005). In
this case, plugs are to be interpreted as remnants of wrapping
closures (Séderberg 2008, 166-167; 2014, esp. 23, Fig. 2a). As
Mikul¢ice-Valy yielded indirect evidence for padlocks in form of
at least two keys (Klima 1980, 66, Fig. 29, 83-85) and iron bells
(Poléc¢ek 2003, 630-632), a brazing-related interpretation of the
clay stumps should be taken in consideration.

Ceramic slags consist of 11.6 kg of irregular, partially glazed
frothy debris generally representing overheated silicates, for

instance from the lining or cladding of hearths and furnaces.
Ceramic slag is not a direct indicator for ironworking, as it also
appears as a by-product of metal casting or pottery production
(Brinch Madsen 1984, 30-31; Hauptmann 2020, 245-246). In
the context presented here, however, the connection to pro-
duction-related pyrometallurgical installations is very likely.
Therefore, ceramic slag and tuyeres bricks are seen both as rem-
nants of hearths and counted together as one single unit termed
‘hearth parts’.

4.2 Debris distribution and workshop identification

Identifying on-site spatial distribution of debris is a stan-
dard method to locate production concentrations and to differ-
entiate chaine opératoire stages (Costin 1991, 18-25; 2001, 294;
Eschenlohr et al. 2007, 131). Based on the ideal basic assumption
that a PCB represents the result of one work unit, the total slag
mass is to be seen as a guide value for the minimum production
volume of a workshop (Serneels, Perret 2003, 472-473). Recall,

0
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Fig. 11. Iron slag and hearth part

distribution per grid in the northern

[ Below 1 kg [ Below 100 g suburbium of the Mikul&ice-Valy
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Grafika M. Lebsak.
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Fig. 12. Overview of the excavated settlement features and possible workshops in the northern suburbium of the Mikulice-Valy settlement agglomeration.

After Klima 1985, 431, Fig. 2; adaption and graphic by M. Lebsak.

Obr. 12. Pfehled odkrytych sidliStnich objekt’ a moZnych dilen ze severniho suburbia sidelni aglomerace Mikul&ice-Valy. Podle Klima 1985, 431, obr. 2; Uprava a grafika M. Lebsak.

however, that secondary relocation, for instance caused by ter-
rain levelling or specific disposal strategies, is a considerable site
formation factor that might lead to an arbitrary distribution and
hence a false identification of production areas (Costin 1991, 19;
2001, 294-295; Westphalen 1989, 52-53; Réber 2008, 109; Schiifer
2013, 324; Herdick 2015, 330). In our case, 287.5 kg of pyrome-
tallurgical waste was accumulated on an area of 2000 m*. The
distribution of ironworking debris according to weight per grid
shows a congruence between iron slags and hearth fragments in
the central part of P 1981-82, in the western part of P 1975-76
and P 1974-1, as well as unevenly in the entire area of P 1974-11
(Fig. 11). Such spatial correlations between slags and hearth
parts have been observed elsewhere and mentioned as a stark
indicator for blacksmithing production loci, although more solid
evidence is the combination with pyrometallurgical features
(Westphalen 1989, 42, 53; Serneels 2003, 207; Eschenlohr et al.
2007, 131-156, 170; Schifer 2013, 318).

The Early Medieval archaeological record reveals a hetero-
geneous range of hearths explicitly connected with blacksmith-
ing, but their constructions might vary significantly in detail
and should be verified in case of doubt (Pleiner 2006, 123-131;
Réber 2008, 109). Albeit ideal and exemplary workshops there-
fore do not exist, the minimum requirements for smithing op-
erations are a fire pit, bellows for metal heating and an anvil
(e.g. Gassmann 2004, 75; Pleiner 2006, 123).

Four ground-level fire pits or potential hearths with ashy in-
fills, of which at least three may have been enclosed or techni-
cally constructed with sandstone slabs and partially situated in
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sunken features, were reported for the central part of excavation
P 1981-82 and correlate with the distribution of slags, hearth frag-
ments, potential hammer-scale concentrations and iron failures
orscrap (Fig. 12). Another documented feature is a sandy-clayish
floor backfill, partially intermixed with charcoal fragments, which
extends between the sunken features. Floor backfills are charac-
teristic for the Mikul¢ice-Valy settlement agglomeration and con-
sidered to be remnants of above-ground buildings (Poulik 1961,
83-85; Mazuch 2020). The archaeological evidence supports the
interpretation of the hearths as blacksmith installations, or pro-
duction residues specifically. However, reconstructions lack clear
archaeological evidence, whether in form of a free-standing log
cabin (Klima 1985, 431, Fig. 2) or the possible secondary usage
of material extraction pits as separate sunken workshops. It is
therefore not possible to give a clear spatial definition of produc-
tion units or workshops as cohesive entities.

Feature 865 excavated during campaign P 1971-1, by contrast,
canberelated to craft production based on a verifiable and revised
excavation report (Mazuch 2008b). It consists of a ditch-like pit
with its southern partbordering an old branch of the River Morava
and pairs of post-holes arranged alongside (Fig. 12). The feature
contained 26 crucibles, bronze casting debris, several bronze and
lead objects as well as a pair of tongs (Tejral 1975, 46; Polacek,
Marek 2005, 218-221; Mazuch 2008b, 16, 24-29, 38; 2019, 187).
Also noticeable is a considerable concentration of ironworking
slags in that area (Fig. 13). Elongated sunken workshop pits with
attested blacksmithing are known from other contemporaneous
archaeological contexts, such as from the craft-related area Lesni
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Skolka in the Breclav-Pohansko settlement agglomeration, Czech
Republic (Dostél 1993, 38-40, Fig. 5: 3; Eschenlohr et al. 2007,
130-132) and in the outer bailey of the royal palace of Tilleda,
Saxony-Anhalt, Germany (Grimm 1990, 54-58, Fig. 45-47).

A problem remains the discrepancy between the archaeolo-
gists’ expectation to reveal in situ preserved, permanent work-
shop installations, and the excavated metallurgical remains with
their inherent potential for chaine opératoire reconstruction
(Gustaffson 2011, 99; Callmer 2020, 39). The finds presented
here and elsewhere (Westphalen 1989, 74-80; Fig. 26: 3; Schifer
2013, 312-314) suggest a hearth consisting of a shallow, clay-
lined fire pit at ground level with at least a diameter of 10-20 cm
and adepth of minimum 5cm (Fig. 13). Blacksmithing and
metal casting therefore must have been executed in squatting
or kneeling positions. The air supply was ensured with a bellows
made of perishable materials (e.g. Roden, Weisgerber 1998), pro-
tected with a refractory tuyere brick made of clay.

Such flexible, non-durable workshop installations are known
from different ethnographical sources (e.g. Soulignac, Serneels
2013, 120) and are by its very nature heavily prone to tapho-
nomic processes and destruction by deliberate clean-ups and
spatial relocations, leaving no or barely recognizable traces in
the archaeological record. Site abandonment strategies are also
to be considered for the common absence of the predominantly
portable workshop equipment. Stationary anvils, for instance,
could have been made of wood and stone and therefore remain
undistinguishable from ecofacts.

5. Discussion

5.1 Specialisation and the context of production

The results have shown that slags and pyrometallurgical de-
bris in Mikul¢ice-Valy are predominantly associated with iron
processing or blacksmithing, indicating the existence of a pro-
duction nucleus in the northern suburbium. In what follows, we
aim to discuss the organisation of this production, specifically ad-
dressing the degree of specialisation as deduced from the archae-
ological context. We presume that high debris quantities alone do
not necessarily equate to large-scale and high-output production,
nor are they a reliable indicator of craft specialisation.

Our definition of specialisation as a specific form of produc-
tion organisation is not based on stereotypical, history-based
assumptions on Medieval craftmanship, but on the simple and
universal idea postulated by Cathy Costin (2001, 276; also 2005,
1062-1063; Clark 1995), that ‘the organization of [specialised]
production is variable across space, time, and personnel and
that the specialist produces more of some goods than he or she
personally uses’. Central to this definition is therefore the re-
ciprocal exchange relationship between producers and consum-
ers, with the latter being in a relative majority. Other possible
proxy evidence for craft specialisation are standardisation,
proficiency, and technological complexity, as well as a general
regularisation and differentiation of production (Costin 1991,
33-43; 2005, 1064-1069).

The descriptive approach to craft specialisation considers
production parameters such as spatial organisation (concen-
tration), the organisation and size of production units (scale),
the amount of time invested in production (intensity) and the
political-economic relations (context) between producers and
elites, including the actual objects and how they are produced
(Costin 2005, 1038-1039). It is thus necessary to pinpoint our
archaeological data within those parameter axes from a regional
to intra-site perspective to approach ironworking specialisation
in the Mikul¢ice-Valy settlement agglomeration.

Fig. 13. Possible reconstruction of a ground-level hearth with a clay tuyere brick of
semi-circular shape. Partially after Hruby 1965, 135, Fig. 52. Drawing by M. Lebsak.

Obr. 13. MoZnd rekonstrukce pfizemniho ohnisté s dyznovou cihlou pilkruhového
tvaru. Céstecné podle Hruby 1965, 135, obr. 52. Kresba M. Lebsak.

In terms of the spatial organisation on aregional level,
Mikul¢ice-Valy represents a blacksmithing production centre,
at least in the context of its waste output. The distribution of
blacksmithing debris is noticeably uneven and differential on
aregional scale, showing a gradient from rural to proto-urban
settlements. Only the latter, such as the Bfeclav-Pohansko ag-
glomeration, yielded qualitatively comparable waste assem-
blages (Tab. 3).

Small-scale blacksmithing slag quantities, on the contrary,
can be observed in rural sites with adequately published data,
such as Brno-Modfice and Botitov (Beran et al. 2013, 29; Miku-
lec et al. 2022) and the satellite settlements of the Mikul¢ice-Valy
hinterland, although clear quantities are not provided for the
latter two (Fig. 1: 3; Mazuch 2008a; Hladik et al. 2022, 115, 132).

The relative nucleation of artisans in the settlement ag-
glomeration can be seen when the total slag mass is cautiously
equated with the minimum production volume and the aggrega-
tion of individual producers (see Chapter 3.2). Such a regional
concentration can be explained by the producers’ desire to be
close to formal marketplaces and therefore to consumers and ac-
cess to raw materials (Costin 1991, 14-15; also Hirth 1998, 453).

On an intra-site scale, the concentration of 287.5 kg of py-
rometallurgical debris on an area of 0.2 ha in the northern sub-
urbium very likely represents a nucleated craft activity zone or
a cluster of workshops. However, a more even distribution of
debris in the whole agglomeration cannot be ruled out in ad-
vance. Since only approximately one-third to one-half of the py-
rometallurgical debris from the entire site has been evaluated so
far, there is no reason to assume that the northern suburbium
represented a singular blacksmithing area.

Dispersed concentrations of different craft activities are
known from the Bfeclav-Pohansko settlement agglomeration, in
particular from the areas Lesni hrud and Lesni $kolka, which
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are ca 370 m apart (Machddek et al. 2007, esp. 176). The latter
yielded three ferrous and non-ferrous metalworking activity
zones or workshop clusters about 70-80 m apart on an area of
1.9 ha, different (half)products, tools, and 137.5 kg of black-
smithing slags (Tab. 3; Machacdek et al. 2007, esp. 176-177). In
the 1.6 ha U Vita area of the Staré Mésto (Uherské Hradisté Dis-
trict) settlement agglomeration, a cluster of 10 precious metal
workshops is situated just 30 m away from two potential black-
smithies (Galuska 1989, 407-408, Fig. 2; 1992, esp. 125, Fig. 2).
The mapping of pyrometallurgical debris as surface finds in the
Viking Age proto-town of Hedeby shows a similar picture. Al-
though scattered over the entire surveyed area, three notable
concentrations of blacksmithing slags can be observed in the pe-
ripheral areas near the semicircular fortification northwest and
south of the settlement (Westphalen 1989, 29, 36, 52-54, 81).

Intra-site concentration or quarterisation of craftsmakers,
also of different artisans simultaneously in one place, tends to
be connected with emerging urbanity (Costin 2001, 295), es-
pecially in High and Late Medieval contexts (Christophersen
2015, 121; Miiller 2020, 115-117). In order to avoid too histor-
ical references, the dispersed concentration of craft activities
within proto-urban communities can also be seen as part of an
emergent microscale ‘crafting landscape’, likely with different
organisational components and varying forms of specialisation
(Erb-Satullo 2022, 568-569.). Besides the intra-community con-
centration of craft activities and possible clustering of work-
shops, the size and internal organisation of production units, or
the scale of production, is hardly identifiable due to the missing
or poorly interpretable archaeological record.

Moreover, it remains unknown, for instance, if production
was family-based and performed in the domestic space or how
workers were eventually recruited (Costin 1991, 15-16, 29-30;
2001, 296-297).

The intensity of production, or amount of time (part-time,
full-time, seasonal) invested in craftmaking, cannot solely de-
pend on waste quantity or intra-site concentrations. It is even
unclear whether craft-related activities in the northern subur-
bium belong to a single short event or cover the entire proposed
occupation phase between the second half of the 9th and early
10th centuries AD (see also Herdick 2015, 330; Kerbler 2019,
206). Therefore, intensity is best approached by carefully con-
sidering the debris output and the full spectrum of economic
activities carried out, especially when dealing with potential
household-based production (Costin 1991, 30-32). Our evalua-
tion of the pyrometallurgical material has shown that it almost
completely derives from the processing of iron, or blacksmith-
ing production and repair in particular. Scattered iron scrap and
fragments or half-products of knives, arrowheads, axes, fittings,
scythes, and other implements near the slag concentrations
provide insight into the potential range of finished products
(Klima 1985, 439-440, Fig. 7, 8), although their relation to the
ironworking workshops is only presumable. According to metal-
lographic analysis of selected iron artefacts from different areas
of the Mikulcice-Valy site, the technological and artistic skills
required for their production are manifold (e.g. Pleiner 2006,
53-70). Standardised, probably mass-produced implements
like nails and rhomboid arrowheads require few steps of plas-
tic deformation and thus relatively little specialist knowledge
(Pleiner 1967, 98-99, 107, Fig. 18). In contrast, specialised tools
and battle axes require up to 16 steps of plastic deformation in
combination with complex heat-treating operations such as car-
burisation, quench-hardening and welding of iron and harden-
able steel (Pleiner 1967, 98-99, 102, Fig. 17; 2006, 210). A spe-
cial role is played by objects like scissors, augers, or complex
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knives, which, due to relatively simple forging operations but ad-
vanced heat-treating techniques, are potentially to be regarded
as outcomes of extensive production by specialised blacksmiths
(Pleiner 1967, 98-99, 107, Fig. 18). It has been argued that rou-
tinised production and the production of technically sophis-
ticated objects requiring high skill levels tends to be full-time
(Costin 1991, 16-17). Smith’s tools that could provide an insight
into the chaine opératoire are known in small numbers from the
entire site but are still unpublished.

Besides blacksmithing, basic household activities and the ar-
chaeologically scarcely traceable production of wood and antler
also need to be taken into consideration (Mazuch 2019, 176-177,
185-186). Another evidenced craft in the northern suburbium is
the processing of non-ferrous metals. Ferrous and non-ferrous
metalworking exhibit a coherence regarding debris concentra-
tion, although the overall distribution of crucibles or casting
debris requires thorough revision (Polac¢ek, Krupickovd 2020,
188-189, Fig. 107). There is nevertheless strong evidence to sug-
gest that both crafts were performed in tandem by the same indi-
viduals or at least in spatially very close relation, maybe even in
the same workshops, as stated above. The close spatial relation of
ferrous and non-ferrous metalworking also has been attested for
production loci in the in Scandinavian early towns such as Ribe,
Birka, Kaupang, and Hedeby (Callmer 2020, 39-40), prompting
scrutiny on unilinear concepts of narrow craft specialisations
in Early Medieval peripheral regions as proposed in older litera-
ture (e.g. Chropovsky 1983, 138, 158-159). The comparably high
distribution of iron scythes in the northern suburbium has been
brought forward as an indirect evidence of animal husbandry
(Polaéek 2003, 643-644; Polacek et al. 2019, 453, 469; Mazuch
2019, 177-178). However, its organisational relation to ironwork-
ing remains unclear and must be ruled out as evidence for po-
tential part-time work of craft producers. There is evidence to
assume that individuals in the northern surburbium were not
only primarily engaged in blacksmithing, but also in non-ferrous
metalworking, basic household activities, and possibly other
crafts like wood or antler-working.

The context of production is a concept that designates the
political-economic relationship and dependence between pro-
ducers and institutions, which can range fluently between in-
dependent and attached. Such relationships have a considerable
impact on the goods produced and are subject to different forms
of demand. Attached systems are defined by the existence of po-
litical institutions and their motivation to access prestige goods
for the mainly full-time reproduction of social hierarchical or-
ders through variable forms of control over producers, their
production, and the distribution of their final goods (Brumfiel,
Earle 1987, 5; Clark, Parry 1990, 298; Costin 1991, 11; 2001,
297-300; Earle 1997, 73; Sinopoli 2003, 32-35; Schortman, Ur-
ban 2004, 188, Tab. 1).

Especially for the region discussed here and its narrative of
a ‘Great Moravian’ political entity, emerging elites have been
emphasised for their potential mobilisation of crafted valuables
and influence on commerce. Such ideas, for instance, range
from patronised production and redistribution of fine-metal
jewellery (Hlavica, Prochdzka 2020a, 78; Ungerman 2020, 180),
bottlenecking of long-distance trade (Pola¢ek 2007; Stefan 2011,
342), to more drastic forms of control, like the direct restric-
tion of non-elites from participating in local market-exchange
(Machécéek 2021, 39-40; or simply the non-existence of local
markets, see Stefan 2011, 343).

There is a growing body of evidence suggesting that iron was
in significant demand for the creation and maintenance of hi-
erarchies, distribution of wealth, and the exertion of political
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control. The production and monopolisation of arms and other
military gear made of iron were preconditions for predatory be-
haviour and are typically mentioned proxies for the identifica-
tion of status validation (e.g. Earle 1997, 105-110). Swords, for
instance, were not only desired as symbols of authoritative dom-
inance per excellence (Chropovsky 1983, 134; Ko$ta, Hosek 2014,
294-296; Kosta 2020, 244), but also because they represent tech-
nical hypertrophies, whose value derives from both intense la-
bour expenditure and high production costs (Clark, Parry 1990,
293). Similar high-status objects are luxuriously decorated iron
spurs and associated riding gear (Kouftil 2020). The hoarding of
iron implements, which constitute a distinctive archaeological
phenomenon in Early Medieval south-eastern Europe including
the region discussed here, was moreover emphasised as acting
a crucial part in the accumulation of wealth and social invest-
ment of elite actors (Curta 2011; Machdcek, Miillerov4 2022,
287-290). Largely known from hoard contexts and mostly dis-
carded in settlement agglomerations are so called axe-shaped in-
gots (e.g. Pleiner 1961). More recently, they have been attributed
as monetary tokens used in commercial market-transactions and
issued as well as guaranteed by elite institutions (Hlavica, Barta
2021; Hlavica et al. 2022, 329-330. The controlled or attached
production of iron high-status valuables in higher-order sites
like the Mikul¢ice-Valy settlement agglomeration is therefore
probable but hardly provable. Non-commercial attached produc-
tion of this kind was, despite being highly specialised, very likely
of low output and intensity with relatively low demand, leaving
little or no noticeable ironworking debris in the archaeological
record.

Independent specialised production, by contrast, is noncen-
tralised and determined by demand from an unspecified group
of consumers, while the distribution of commodities is not re-
stricted nor directly controlled by political institutions. The pro-
duction spectrum of independent specialists ideally consists of
utilitarian commodities that are indispensable for subsistence
and consumable by a large part of society (e.g. Brumfiel, Earle
1987, 5; Sinopoli 1988, 582; Costin 1991, 11; 2001, 298-299). The
archaeological record of Mikul¢ice-Valy indeed yielded a mani-
fold range of iron products of utilitarian nature, covering the en-
tire economic spectrum of Early Medieval labour types expected
in a densely crowded settlement, from basic household equip-
ment and implements for agriculture and animal husbandry to
sophisticated, highly specialised craft-related tools (Klanica
1974; Klima 1980; Polac¢ek 2000; 2003; Mazuch 2003). Recall that
iron tools are prone to wear and need to be repaired or replaced
frequently. Experimental use-wear analysis and ethnographic
sources suggest that especially the repair and replacement of
agricultural implements like ploughs and scythes stimulated
the demand of raw iron and engendered an economic interde-
pendence between individuals engaged in farming activities and
specialised ironworkers (e.g. Mothander et al. 1989, 130-150;
Lerche 1994; Karlsson 2015, 267-268). Agriculture indeed played
a substantial role not only in the rural satellite settlements of
Mikulé¢ice but also partially in its suburbia (Polédek et al. 2019,
468-469). It is evident that such a socio-technical entanglement
and interdependence also existed with other artisans, or in-
tensive consumers of iron implements respectively. Therefore,
it should be argued that the demand for the above-stated utili-
tarian commodities must have been high and stable, potentially
stimulating a large-scale production output by specialised full-
time ironworkers.

Large-scale production of commodities must have caused
a high demand for resources and therefore required a steady,
easily accessible supply of iron and charcoal. The Mikul¢ice-Valy

settlement has not yet yielded convincing indicators for iron
smelting, nor charcoal burning pits or anthracological data from
metallurgical contexts. Few of the reduction slags introduced
here from the northern suburbium can be interpreted as rem-
nants of iron smelting on an insignificant scale, or more likely
as flux or even relocated material (Gassmann 2004, 72; Eschen-
lohr et al. 2007, 66). In fact, this observation is valid for nearly
all studied settlement agglomerations or hillforts in Moravia and
Slovakia. The exceptional evidence for iron smelting in two cases
stems from excavations in Staré Mésto and its hinterland, Czech
Republic (Hruby 1965, 308-319; Galugka 2001, 131), as well as
Pobedim, Slovakia (Vendtovd 1969, 217-219, 230-231). The ne-
cessity of importing iron to large settlements with evidence of
intensive iron processing, yet without any traces of smelting, is
moreover known from Viking Age Hedeby and Ribe (Westphalen
1989, 58-67; Brinch Madsen 2004, 220-221).

Only a few extramural iron smelting sites are known from
the closer Moravian-Slovakian region for the discussed time-
frame, and fewer have been evidenced by thorough archaeologi-
cal excavations (Fig. 14). For instance, large-scale iron smelting
with rows of furnaces in operation has been archaeologically at-
tested for the Jurassic-Cretaceous Rudice formation in the Czech
Moravian Karst and constitutes the most important source of its

T 50k

Potential iron ore sources
& Smelting site 42 Potential smelting site
@ Smelting site (Iron ore deposit or unclear dating)

(Stray finds) i___| Potential minimum catchment area
—— Modern border

Fig. 14. Smelting sites and potential iron our sources within a catchment area

of a radius of 70 km around the Mikulice-Valy settlement agglomeration.

1 - Moravian Karst (Souchopova 1986); 2 - Brno-Lazanky (Merta, Hlavica 2022);
3 - Sakvice-Pasohlavky (Ti$novsky 2012); 4 - Babi lom u StraZovic (Polé&ek 2008);
5 - Staré Mésto near Uherské Hradi$té (Hruby 1965; Galuska 2001); 6 - Pobedim
(Vendtové 1969); 7 - Povazsky Inovec (Kohut 2015); 8 - Rudimov-Slavicin
(Galuska 2008); 9 - Rudice-Bojkovice (Galuska 2008); 10 - Lednice (Merta 2000);
11 - Znojmo area (Urbanova 2014); 12 - Kudlovice (Galuska 2008). Graphic by

M. Lebsak.

Obr. 14. Huté a potencidlni zdroje Zeleza ve spadové oblasti o poloméru 70 km
kolem sidelni aglomerace Mikul&ice-Valy. 1 - Moravsky kras (Souchopovéd 1986);

2 - Brno-LaZanky (Merta, Hlavica 2022); 3 - Sakvice-Pasohlavky (Ti$novsky 2012);
4 - Babi'lom u StréZovic (Poldcek 2008); 5 - Staré Mésto u Uherského Hradisté
(Hruby 1965; Galuska 2001); 6 - Pobedim (Vendtové 1969); 7 - PovaZsky Inovec
(Kohtit 2015); 8 - Rudimov-Slavi¢in (Galuska 2008); 9 - Rudice-Bojkovice (Galuska
2008); 10 - Lednice (Merta 2000); 11 - Znojemsko (Urbanovd 2074); 12 - Kudlovice
(Galuska 2008). Grafika M. Lebsak.
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kind in the discussed region (Souchopova 1986). The datable or
potential mining sites are situated within a catchment of approx-
imately 70 km around the Mikul¢ice-Valy settlement agglomera-
tion, although the distribution of iron from more remote sites or
the unverified usage of local bog ores cannot be excluded.

Iron could have been distributed in form of split blooms,
of which few are attested to be scattered in the settlement
(Merta 2019, 11; Merta et al. 2022), but also indirectly as fin-
ished products and scrap. Commercial ingots or stock bars have
not been clearly distinguished in the archaeological record yet,
if we exclude the main purpose of axe-shaped bars from this
context. Given the fact that recycling of metals was a common
economic behaviour in many Early Medieval societies (Pleiner
2006, 59; Schwab, Senn 2008; Disser et al. 2016, 159), objects
could easily have been made up of a heterogenous material
from different sources. Thus, unilinear mechanisms of raw ma-
terial import, for instance from one specific iron ore deposit,
are highly questionable (Pleiner 1967, 101-103). The economic
mechanism behind the distribution of iron was probably not
unilinear either. There is evidence suggesting that elites con-
trolled the access to local ore deposits as possibly reflected by
the noticeable relative spatial proximity between iron smelt-
ing loci and high-order sites like hillforts (Méfinsky 2014b,
208; Merta, Hlavica 2022; Ruttkay 2014, 258; see also Costin
2001, 299). It has been suggested that the attachment to local
elites enabled a relatively uncontrolled circulation of products
via local markets (Hlavica 2023, 37, 88), which was moreover
mandatory for the supply of a presumed specialised large-scale
production with raw materials.

In summary, the descriptive approach connecting our re-
sults with production parameters shows that large-scale, spe-
cialised blacksmithing it not only nucleated on a regional scale
and limited to settlement agglomerations, but also shows signs
of potential quarterisation with other craft activities inside
proto-urban settlements. While the internal organisation and
size of production units remains unknown, the intensity of pro-
duction can be approached more holistically. The analysis of
the pyrometallurgical waste shows that blacksmithing and re-
pair of simple and standardised as well as highly sophisticated
iron objects requiring different skill levels was the predominant
activity in the northern suburbium. However, also non-ferrous
metalworking and household subsistence were part of the pro-
duction system. Since iron smelting in Mikul¢ice-Valy has not
been yet convincingly proven, the supply of raw materials had
to be guaranteed by imports from outside. The production of
high-status objects is potentially connected with full-time, at-
tached craftsmen, while the supply with everyday commodities
tends to be linked with the production sphere of independent,
more dispersed specialists.

5.2 The proto-urban blacksmith

The fact that even the production of utilitarian commodi-
ties was carried out by attached craftsmen embedded in strict
top-down political economy, and basic subsistence goods like
bucket fittings of knives were allocated and raw materials sub-
jected to calculated redistribution, can only be believed if one
accepts the picture of the Early Middle Ages drawn by Annaliste
historians like Georgy Duby in the 1960s, namely as an ‘early
type of desolate socialist command economy’ (Meier 2011, 286).
Therefore, a more heterarchical model must be sought for our
case that considers bottom-up solution making and the possible
autonomy of non-elite commodity producers (Schortman, Urban
2004, 195-199) and involves their access and relation to local or
regional market exchange.
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According to the so called adaptationist model of speciali-
sation, it is predicted that independent, large-scale producing
specialists can develop in urbanized milieus, under increased
population densities, with accessibility to distribution flows and
stable regional markets. In this context, craft specialisation is
not forcefully imposed by political institutions, but facilitated by
protection and access to socio-economic privileges (Brumfield,
Earle 1987, 2, 5-6 also Costin 1991, 12; Earle 1997, 68). The polit-
ical integration in such centralised milieus moreover allows spe-
cialists to interact with a heterogenous network of consumers,
producers, and distributors, while still partaking in innovation
and competition and maintaining independence through relative
social distance to predatory elites (Sinopoli 1988, 581-582; Oka,
Kusimba 2008, 361-363). Recently, the interrelation between
urbanisation and craft specialisation was also pointedly articu-
lated for proto-towns in Viking Age Anglo-Scandinavia, empha-
sizing craft as an emergent urban feature over elite patronage or
sponsorship (Ashby, Sindbaek 2020, esp. 21).

As predicted by the adaptationist model, the Mikul¢ice-Valy
case indeed shows political-economic preconditions potentially en-
couraging the emergence of ‘urban’ independent specialised pro-
duction. The existence of a local market and the stable inflow of
raw material, a high number of potential consumers, and relative
peace and certain securities provided by a local institution formed
a nexus within the ‘urban organism’ (Pola¢ek 2020b, 139) which al-
lowed producers to develop economically and most importantly to
produce full-time and large-scale without the direct interference of
elites. Since we do not know the exact social obligations and degrees
of control exerted on producers, which must have been unequal and
could change dynamically, we should in our case therefore not speak
aboutindependent, but centralised production as a locational or re-
lational phenomenon (Sinopoli 1988, 581; 2003, 33-34). It should
also be proposed that a large part of centralised production was,
by its very nature, commercial or demand-oriented, respectively,
and large-scale, because it ensured the supply of basic household
commodities and substantial working equipment for a majority of
the populace. It is very likely that such socio-economic interdepen-
dences and mutual obligations as a consequence of centralisation
directly fostered relationships within proto-urban communities
and especially among craftsmen in particular (Croix et al. 2019;
Ashby, Sindbzek 2020, 10; esp. Christophersen 2015, 121).

In summary, there is direct and indirect evidence to pro-
pose a preliminary blacksmithing production model for the
‘Great Moravian’ sphere of influence (Fig. 15), in which largely
independent, large-scale centralised production with a high out-
put of consumption commodities is set in relation to high pyro-
metallurgical waste quantities, of course only in ideal cases of
preservation and archaeologically recognizable deposition strat-
egies, which are fairly rare. The supply of raw iron is exclusively
market based. This mode of production organisation is confined
to proto-urban settlement agglomerations.

In contrast, noncentralised blacksmithing in rural or periph-
eral areas, where neither attachment nor centralisation exist as
organisational forms, is mainly confined to subsistence or only
to little extent market based. Part-time or seasonal production
is manufacturing of simple commodities or tool maintenance.
The output is low, and iron can been smelted simultaneously.
The autonomy of production is comparably high, but the degree
of independence can vary depending on the context.

Elite-sponsored production of exclusive valuables is non-
commercial by nature and most probably of low output, yet of
high intensity and control. It is to be localised in the sphere of
influence of the elites, for example in higher-order settlement
agglomerations or hillforts.
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Fig. 15. Ideal model of blacksmith production as deduced from the Mikul¢ice-Valy
case study. Centralised production in settlement agglomerations is characterised
by high-intensity, output, market dependence and comparably low control by
elites. Non-centralised production in rural or peripheral areas is comparably
independent, but low regarding output and intensity, as it is probably practised
part-time or seasonal. Attached or elite sponsored production in higher-order sites
creates prestige goods and shows a high degree of intensity and control. It is non-
commercial. Graphics by M. Lebsak.

Obr. 15. IdedIni model kovarské vyroby odvozeny z pfipadové studie MikulCice-Valy.
Centralizovand vyroba v sidelnich aglomeracich se vyznacuje vysokou intenzitou,
produkci, zavislosti na trhu a pomérné nizkou kontrolou ze strany elit. Nestrediskova
vyroba ve venkovskych nebo perifernich oblastech je srovnatelné nezavisld, ale
nizkd, pokud jde o produkci a intenzitu, protoZe je pravdépodobné provozovédna

na Castecny uvazek, nebo sezénné. Pripojend nebo elitou sponzorovand vyroba

v lokalitdch vy$&iho Fadu vytvari prestizni zboZi a vykazuje vysoky stuperi intenzity

a kontroly. Je nekomeréni. Grafika M. Lebsak.

The latter two types therefore ideally leave comparably low
quantities of production waste, if not accumulated over time. It
should be noticed that such production modes are neither static nor
exclusive, monolithic typologies. Rather, they describe relations
between individuals and groups, producers, and consumers, which
can exist simultaneously and develop, vary, or change, in response
to dynamic economic and social factors. Therefore, in the case
of Mikul¢ice-Valy, attached and centralised modes of production
organisation could have existed simultaneously and successively,
with the latter being hypothetically the economic majority. Satel-
lite settlements in close proximity of the agglomeration probably
already were independent regarding their iron economy. However,
this model needs to be tested in the future on similar proto-urban
production loci and compared with rural sites in detail.

6. Conclusion

The study presented here analysed and reviewed nearly
300 kg of pyrometallurgical remnants from the northern subur-
bium of the Early Medieval Mikulcice-Valy settlement agglom-
eration, particularly slags and technical ceramic fragments. The
material evidence was contextualised with inquiries regarding
craft specialisation and socio-economic relations in proto-urban
environments.

Using macroscopic and microscopic methods (SEM-EDS,
WD-XRF), four types of debris were distinguished: ironwork-
ing slag, smelting slag, technical ceramics, and ceramic slag.
Ironworking slag constitutes the majority of the debris, and its
spatial distribution evidently marks a production locus within
the extramural settlement in connection to both permanent and
highly mobile workshop installations.

However, a high quantity of ironworking debris does not, by
itself, serve as evidence for either the degree of craft speciali-
sation or as a reliable proxy for the production output level. In
discussing the archaeological evidence within a broader range of
specialisation parameters, we considered the regional and intra-
spatial debris concentration, the production intensity, and es-
pecially the context of production, or the relationship between
elite sponsorship and autonomy, respectively. The confrontation
of those parameters with an adaptationist specialisation model
suggests that independent, large-scale production of commod-
ities emerged due to the site’s urbanised characteristics, such
as high population density, steady demand for iron implements,
and access to regional markets for raw materials. This form of
centralised craft specialisation is not or only loosely attached to
political institutions. Therefore, we assume that specialised craft
production shaped early urbanised milieus as a bottom-up driver
of socioeconomic interdependencies between producers and con-
sumers, encompassing both elite and non-elite actors. However,
this model needs to be tested on comparable archaeological sites.

While our analysis shed light on possible degrees of craft
specialisation in proto-urban environments, a more holistic un-
derstanding of the dynamics of the Early Medieval iron economy
requires continued interdisciplinary research. In this context,
the application of methodological tenets such as on-site docu-
mentation of slags and sieving for hammer-scales, along with
future provenance studies considering ores and iron objects, is
inevitable.
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Resumé

Predkladand studie se zabyva vyznamem zelezaistvi v kon-
textu rané stiedovéké stiedni Evropy se zaméfenim na sidelnf
aglomeraci Mikulé¢ice-Valy v Ceské republice. Poukazuje na
moznost, ze pfedchozi studie prehlizely ekonomicko-historicky
vyznam konkrétnich kovarskych ¢innosti na rané¢ stfedovékych
sidlistich. Toto prehlédnuti se pripisuje pfedpokladu, ze ko-
varstvi bylo ¢innosti v§udypfitomnou; tento pristup vsak vede
k prilisSnému zjedondusen{ slozitosti femeslné vyroby a jejich
socidlnich dtsledkt. Autofi zdiraziuji rozmanitost praktické
vyroby a zpracovani Zeleza v raném stfedoveku, kterd sahala od
domacké vyroby az po femeslnou ¢innost ve velkém rozsahu,
obzvlasté v urbanizovanych oblastech.

Lokalita Mikul¢ice-Valy je vyznamné proto-urbanni sidlisté
s intenzivnim zpracovdnim Zeleza i nezeleznych kovii, presto
vsak bylo dosud vyhodnocovadni metalurgického materidlu pre-
vazné nesystematické. Mikulcice-Valy jsou jako centralni sidli-
$t¢ dolozeny na konci 8. stoleti; v 9. stolet{ se vyvinuly do formy
opevnéné sidelni aglomerace s charakteristickymi urbdnnimi
prvky a komplexnim ptdorysem (obr. 1: 1). Severn{ suburbium
hradisté bylo kratkodob¢ osidleno v druhé poloviné 9. a na po-
¢atku 10. stoleti. Z celkové rozlohy 5 ha byla dosud archeologicky
prozkoumdna plocha 0,2 hektaru (obr. 1: 2). Archeologickymi
vyzkumy bylo ziskdno 2875 kg pyrometalurgického odpadu,
jako je napriklad zelezna struska a struskova hlina, coz ukazuje
na dulezitost lokality ve specializované femeslné vyrobé¢.

V ramci této studie byla provedena makroskopicko-typolo-
gickd a mikroskopickd (SEM-EDS, WD-XRF) analyza pyrometa-
lurgickych pozistatkl ze severniho suburbia lokality Mikulcice-
-Valy (tab. 1, 2), kterd identifikovala ¢ty¥i materidlové skupiny
(tab. 1). Prvni skupina pfedstavuje kovaiskou strusku o celkové
hmotnosti 268,6 kg, z niz 81,5 kg tvori neposkozend plano-
konvexn{ dna vyhné (PCB), 24,3 kg PCB zachovand z 25-75 %
a 163 kg malé fragmenty PCB a kusy strusky nepravidelného
tvaru (obr. 2: 1-6, 8, 9; 3; tab. 2, 3; graf 1-3). Morfologické a che-
mické charakteristiky téchto materidlti napomadhaji nasemu po-
rozumeni zelezdrskym procestim, véetné dokladti opakovanych

cykla ohtivéni a ochlazovani béhem vyroby (tab. 4-8; obr. 4-7;
tab. 10). Strusky z tavby Zeleza o hmotnosti 2,69 kg vykazuji vy-
znamné vysoky obsah oxidu fosfore¢ného a oxidu manganatého
(obr. 2: 7, 8; tab. 9, 10). Obohaceni P,O, je zfetelnym znakem
tavby bahennich rud bohatych na fosfor. Ostatni pyrometa-
lurgické pozistatky maji formu technické keramiky o celkové
hmotnosti 4,4 kg. Lze je dale rozdélit na poztstatky dyznovych
cihel (obr. 9: 1-6; tab. 11; graf 4) na ochranu méchu (obr. 10),
jednu trubicovitou dyznu (obr. 9: 7) a dvé hlinéné ucpavky
(obr. 9: 8, 9). Posledni skupinou je pak 11,6 kg amorfni kera-
mické strusky predstavujici prezhavené silikdty z oblozeni ¢i
oplastovani vyhni a peci.

Zaucelem identifikace pfipadnych umisténi dilen bylo analy-
zovéano rozlozeni metalurgického odpadu (obr. 11, 12), pfi¢emz
autori poukazuji na skute¢nost, Ze interpretace dilenskych zati-
zeni in situ mohou komplikovat sekundarni relokace materidlu.
Zjisténé skute¢nosti naznacuji, ze kovani a obrabéni nezeleznych
kovt se pravdépodobné provadélo v prostiedi flexibilnich, nesta-
lych dilen. To podtrhuje slozitost identifikace trvalych dilenskych
struktur vzhledem k charakteru archeologického fondu a zdtraz-
iluje pottebu peclivého zvdzeni procesii utvareni lokality.

V ramci diskuse organizace zelezafské vyroby autofi argu-
mentuji, ze velké mnozstvi odpadu nemusi byt nutné znakem
rozsahlé vyroby nebo femeslné specializace. Navrhuji definici
specializace na zakladé¢ recipro¢niho vztahu mezi vyrobci a spo-
trebiteli s dlrazem na dilezitost sledovanych parametri, jako
jsou prostorové uspotadani (koncentrace), organizace a velikost
vyrobnich jednotek (rozsah), mnozstvi ¢asu vynaloZeného na vy-
robu (intenzita) a politicko-ekonomické vztahy (kontext).

Piispévek navrhuje model organizace vyroby, ktery odrazi
socioekonomickou dynamiku proto-urbannich sidel, kde v pod-
minkach zvysené hustoty osidlen{ a dostupnosti trhu mohla
prosperovat nezavisla vyroba velkého rozsahu (obr. 15). Surové
zelezo bylo tfeba na misto dovazet (obr. 14). Vztahy mezi vy-
robci a politickymi institucemi lze charakterizovat jako pruzné,
umoznujici inovace a konkurenci mezi femeslniky. Po zasazeni
dosavadnich zjisténi do kontextu dochdzeji autoti k zavéru, ze
Mikul¢ice-Valy jsou ptikladem lokality s formou centralizované
vyroby, kterd je prevazné zalozena na trhu, s doklady jak neza-
vislé femeslné ¢innosti, tak ¢innosti podporované elitou, které
mohly v rdmci sidliSté existovat i soubézné. Autoti navrhuji nd-
vazny interdisciplindrni vyzkum dynamiky rané stfedovékého
zelezaiského hospodarstvi s diirazem na dulezitost metodolo-
gickych pristupt, které budou brat v ivahu $irsi kontext vyroby
a vztahy mezi vyrobci a spotfebiteli.
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