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Medieval metallurgy of iron (XIth - XIIIth Centuries) in
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Inroduction: After decomposition of Grest Morswa Empire in the .
century A0, present territory of Slovakin was gradualy incorporated into medioval
Hungarian stste. Metallorgy of iroh in post Geeat Morava period on present
Sbovakia gerritory developed in accordance with developments in other regions of
Hungarian state typical for metallurgical activity. Progress in mining and
metallurgy was affecied by German immigration that started in the XHI™ century
after rmids of Tatars, when econory of the state was seriously destroved. The
progress of economic revitalisation culminated in metallurgy by invention of &6
called Slovak furnaces for [ron smelting, the high shaft furmaces with bellows
driven by wider energy. Such fumaces were put 10 production in the V" and
XV" centuries.

This paper presents & shart version of archasomets! lurgic research results of
samiples related 10 metallurgy of iron, that were found at three different archoologic
sltes, dated o the X1 — XIN™ centuries (Furvovi, 1991, 5.107; Mihok, 1993, 5.46;
1956, s 61, The sites Gemessky Sad, Svinica and Sitno are shown on the map of
Slovakin (Fig.T).

leom smeling in Gemersky Sad.

Ciemer region in south — east Siovakia was weil known for his iron ore
ressarces and metaliurgionl activity till ancient tmes. In Gemersky Sad thw
workshop For iron smeling was uncovered during 1984 — 1983 excavations. Ten
furmaces, working in pairs, were discovered in the first part of the excavations,
They were dated 10 the X1 — X11" centures A.D. The furnaces, bailt<in in terraine
steps, wene siluated in genthe skope near the waler soirce. The fumaces DX end X
are in Flg2, oulling and reconstruction of the fomaee | 5 in Fig.3. The fumaces
with pear — shaped crss — section were in relatively well preserved  stac
Preserved heights of the furnaces, mensured from the hearth botiom, were aboul 50
em, reconstrucied heights were about 70 to 80 em. Charging opening st the shaft
1o had round or cval shape with diameter ghowt 30 cm. The fumaces had rowd or
irreguine working opening in the front wall with dismeter shour 30 cm. The
larmieces had perfect smpoth refractory lining of 1 to 1,5 om thickness. The lining
was made of refractory clay wmd Fintle silica peldsles.

e furnaces in Gemersky Sad were compared with other ones of the
simifar date in Crech Republic, Hungary and Ausina (Souchopova, 1986, 5.24;
Gomori, 1985, p.323; Maverhofer, 1958, .51} The closiest annlogics 1o the
fumaces in Gemersky Sad  were found o sites imelz, Trisz and Felsokclecseny
i Heckennst, 1968, old.21} in Hungary, situated on fle south border of the same
UTEH ARTE Teiiin.

More than T8O pieces of clay tuyeres or thele fragments were found spread
sround the furmaces (Fig4). The tuveres were made of the same material us the
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refractory lining. They were placed m wyere bricks and positioned in the working
ppening in the front wall. Besides tuyeres also pieces of charcoal, slag and spongy
iwon were Tound in reund shallow holes silusted in front of the furnaces, Tho heaps
of iron ore pleces were alse excavatid, The floor in front of the firnaces wis
reinforced by smill rocks. Remnants of wooden poles were also found around the
furnnces suggesting construciion of a shelter over the workshop.

Chetmical and mincrafogic anshesis of iron ore fousd in the site showed that
most of it was of limonite type. It is imponant to note, the large deposits of
limonite ore are distant only about & km, Fe content in limenite ore was about 40
to 45 wita, In wbdition @ limonile also hematite ond specularie with siderite ores
were found in the site. The presence of various iron ores at the site may speak for
importance of the smeiting workshop using iron ores from different sources,

An infonmation concerning method of smeliing in the furnaces cen be taken
from resuls of chemical and strectird apalysis of slag. High contents of Fe (up to
55 wi%) ongd Fed in skag samples confirmed very mefficient way of smelting.
typical for low shabl fumsces. Cald snd MO contents in slag samples were low
arl exilstded jntentionn] additions of basic constiuents it the charge. Regarding
structural composition, most of slag samples hod olivinic structure, wustite
eccurred onky in Hitle dendrites, Fig.5. Twe olivinic components were found in the
sructure with  the  help of Xemy diffraction  smuctural — analysis:
DFeg Mg 0500, and CaMighi0),. The slag thed penetrated into the tuvers
eracks was ko anntysed, This stag had fully ofivinke chameter, high Muidity and
Lo miabiiing poind.

The results of chemical, microscopic snd mineralogic amalyses have
permitied some conchusions concerning the ways of iron making in the Jocality.
fron was made by reduction of iron ore in small shaft fumoce of a built-in
constrgetion. The furnace charge consisted of roasied amd crushed iron ore wnad
charcoal. Reduction of mon oxides ok place at high and elevated temperalures
irsiche the shafl. Two types of reduction were effective inside the shafl: direct
rediction by solid carbon, and indirect reduction by €O gas. Whike descending
down the shaft a matier of a dowghy consisience was formed, contzining iron
oxides, slag and granules of metallic iron, Lower down in the shaft . with higher
tempertures and fower skag viscosity, the iron grmnubes agilomerated and formed
spongy iron, the yield of smeling. A part of skag filled the voids by sponey iron,
most of slag was separated from the iron yield. Burming of fuel was intensified by
air Blowing throwgh the uyere positioned over the hearih,

Besides air blowing one important factor contributed o an effective course
of reactions inside the furnace. The entire furmace was constructed in the ground,
hence, i was properly insulated and heat losses from the stack were at minimun,

Smithy production in medicvnl village Svinica

Medieval village Svinica was situpted in Ezst Slovokin region about 60 km
far From Ukraine borders ot the slopes of Slinske mountaing. Social environment
of the villige was typical Slav. Archacologic excavations of the medieval village,
dated 1o the XHI™ and 1% half of the X1%"™ centuries resulted in numerous finds of
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econcmtic character, many of them were relsted to production of irea and fron
ohjects {Mihok, 1988, s.676; Caplovie, 1983, 5.357).

Archacologic ressarch didn't reveal remmants of iron smelting furnaces bat
production of iron on the site wis confimmed by finds of fumace slag. Chemileal
and microssopic anakysis of the slag samples showed they were similar 1o the slags
found in Gemersky Sad, i.e. they had elivinic nsther than wustitic character, On the
basis of Mgh and MnO contemts the stags were divided into two groups
confirming the use of iron ore from two sources. The closest iron ore deposils were
bocated on the other side of the Slanske mountains sbout 15 10 20 km far from the
village, that were exploired fill the XIX" century.

Twelve fron objects were analyzed by methods of  metsllography to
recoghize marufacturing technology of medieval smiths, The samples were laken
by cross — section cuts of the objects: kick, curb (an ¢ssential pieve of a horse
geary, apurs, horse shoes, sickies, kivives, sieeve, ke,

The Inck wes coated by copper. A thin copper sheet was also found in the
site and its analysis revealed it was the semiprodhuct used for coating preparation.
The strucnire, that prevoiled on analyzed memllogmphic surface, wis coasc
grained ferrite, indicating pon — carburized iron. The sides of analyzed surface
contained small amound of pearkite, resulting from fight surlace varburieation of the
tock, Production of the logk from tough end soft non - carburized iTon materizl and
subscquent increase of surface handness by carburization indicated proper smiifhy
peoduction technique, Stmitar iron material with ferritic strugture was used for
production of the curb (Figé). Analyzed mesallographis surface was divicled bvis
two pars by crack, filked with glassy silicate. It was probably the place of webding
of two iron semiproducts. Twe places with pearlitle — Ferritic structure of deep
corburized iron were also found on both panis of the surfasce. The sense of this
inteniionn] carburizsion was oot clear, Twa kinds of non ~ metallic mclusions
were foand on analyzed surface. the smithy ones and the fumace shag ones. Both
kinds arg shown on photcgmgphs (o the Figure,

The group of objects made from non — carburized iron material ncluded also
the spur and the rake. None of those objects wis exposed 10 excess strain and wear
in course of thelr use. Selection of mon —carburized Won material for their
rmanulaciure was suitable,

Characteristic feature of ext Four analyzed objects was a binde. The set of
abjests comained two sickles, sach of them was produced by different way, (e of
the sickles was prepared from non - carburized iren materin, pext its blade was
deep carburized. Carburization of the edge was uneve. Segallographic analysis of
the second sickle is in Fig.7. Tts body was prepared from non — carbarized iron
neaterial, nest, separately prepared and deeply carburized cdge was welded on the
bady, Boundary between both structures is clearly indicaied on the feft phitograph
in the Figure, The method of separate preparation, carburization and welding of
blades, points, brits ete. is well known from medieval (Mihok, 1988, s.4/1%
Distribution of strectures  on  metlogriphic  surface s documented by
microhardness measurements, also presented in the Figure. Noee of the sickles was
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guenched. The set contained also two knives, Both of them were produced by the
similar way s the first sickle.

An interesting information resulied from metallographic amlysis of the
horse shoe. The object was produced from two thin iron plabes jouned by welding.
Cre of the plates had fine - pralned ferritic structure of non — gorharized inen, the
second one had fine - grained peaclitic — ferritic structure of carburized iron.
Described manufacturing technology was purposciul, The sofler ferritie plaie was
on the side of hoof, the harder pearlitic — fermtic one was in contact with ground,
This way of manufacturing could erhance the utility valee and durability of the
barse shoe,

Smithy production in fortified settlement in Sitno,

Sitnvo hill is situsted in central Shovakia near town Buaska Stiavnica, well -
kmown for its Mining Academy, the first Mining and Metalhurgical Univessity in
the world. Very intensive medieval metallurgy (both ferrous and non ferrous)
was strongly influenced by German immigration, but roots of local metaliurgy can
be traced fill the Bronze Age. Archaeologic excavations of Fortified settlement in
Sitno near village llijn confirmed its permanent inhabitation il antiquity | Zebedk,
L0, s 87), Excavarion of medieval castle amd comnected residential and ceanomic
bulldings dated to the XU™ - XIN® centwies resalted alse in many Sfinds
charucteristic for production of iron and iron objects.

Irom senelting at the bocality was proved by bloomery shag finds, ten of them
were analyzed. One of the slags had extremely high iron content (6 534 wite), the
stricture consisted muinly of wastite (7917 arca). This fact suppested very
inefficient way of smelting that comcspanded 0 very beginnings of iron smelting,
Results of analvsis of this stag correspended to archacologic date, when the layer
with sl was saturnted with antique potlery. The other finds of slag hased strueture
with olivinic character, that comtained only small amount of wustite (Fig.8).

The collection of snalyzed iron objects contaimed four knives, key, horse
shae amd nails. Al iron objects were dated 1o medieval but one knife with antique
date, The samples were tnken by Cross — sechion culs,

The knife dated fo antiquity was produced frem saft non — carburized fron, It
wits only mildly and unevenly casburized on edge, its ufility value was very low.

One of the meditval knives (Fig.9), after preparation of a final shape, was
deep carburized tht resulted i pearlitic structure in the whole object. Lhe final
step of manufacturimg was quenching of the edge. Quenching was confirmed by
martensitic and troostitic structuses on fhe edge (Fig.10-11}, places A, B, C. The
body of the knifi presenved pearkitic structure, place 12,

e secend medigval knifie was inowell — preserved siate and bore a patiern
in the hack side (Fig12), The edge was fat without pattem. The kmife was
preparcd from non — carburized feeritic fron mislerial. Memllographic surface afier
etching is in Fig.13, documenting the production of pttern by welding of thin iron
strips. Migrostructures in places A, B, G D in Fig.13 wee in Fig 14, After forging
the finil shape of the knife the edge was carburized. MNext the pattern was made by
welding of thin strips of ferritic and pearitic — fervitie iron an fierritic botiom
material. After reheating the edge wis quenched. The structures after quenching
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are showed in ploces A and B Fig.14. As the heat reatment in this case was
characteristic by lower temperature gradient, resulting structure was baimite. Fig.14
© shows production of patlern by aliemating of pearfitic — ferritic and ferritic iron
strips. The strips were welded on original non — carburized ferritic materinl of
knife, that was neither carburized nor quemched (Fig.l4 D). By this way of
manufacturing the knifie bad hath high utility value and assthetic properties,

The third medieval knife was made of two iron semiproducts, The one from
o — earburized fermitic fron was ased for preparation of knife back. The other ofe
with ferritic — pearlitic structure of carburized iron was used for preparation of
edge, The production method was standard.

The nails and horse shoe, that were anabyzed by methods of metallography,
are i Fig.1 5, The smiths used two différent methods for production of nails. Some
nails were manufactured from non — carburized Feeritic fron materinl, next, after
finishing the final shape, they were caburized on the whole surface. The other
analveed mails were manufactured from mildly carburized Ferritic - peatlitic iron
semiproducts. The horse shoe was made by the same method as the one found in
Svinlcs, described above, i.e. from two leon plates with differe carban contents.

o husinns,

This paper wants 0 contribate to understanding of iron metallurgy of
%1" - XIU® century on the temitory of Slovakin It is remarkable that this period of
subjugation of Slavs in Carpathian hosin by newly formed medieval Hungarian
state is From metalfergy developments point oF view not sstisfactonly studied,

Analysis of finds from three different archaeologio siles showed that the
methodds of kon smelting didn't change from the ones wsed in Shavs n Girean
Morava Empire. Tron was smelied in low shafl fumaces, either of built-in or of free
standing types. Those types were used both i Great Morava Empire in the 1" -
X" cemuries and in Hungarian state fill the XIV" century, when they were
seplaced by more effective high shaft furmaces. Smelting in fumaces described in
this paper was relatively more efficient, most of iron from iron oxides in iron one
reduced inte iron vield of fumace, slag contained mastly imon olivires and ferroas
glass, Higher efficiency of fumaces was enhanced by good hiat insulation m case
af baibl-mn fugmaces.

Miedieval smiths from this period wsed ghl smithy methods for produstion of
iroh objects, thal were developed i carfier perisds: forging, welding
carbatization, guenching ete. Very important was their detailed knowledge of iron
material properties, how 1o select the most suitable matedal and how to trnsform
it it iren object with high utility value. The smiths used desp carburization and
intensive Forging when prepered the sickle edge instend of guenching as they
recognized the edge prepasced by this way was easily restorable. Manulacturing of
Torse shoe from two iron plates of different propenties, found al two 250 km
distant sites, proved both high skilte of medieval smiths and spread and exchange
of akills among medieval smiths,

Typical festures of described period on the ferritory of Slovakin are
gpecialized mining and metallusgical senlements. The towns with prevailing
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mining wivd melallargical sctivity are known from the end of this period and their
foundation is closely related o German immmigratien.

Mihak 1%, Pribulovi A, Furvovs K, Caplovic D, Zebrik P,
Medicval metallurgy of ron (Xith - X1Eh Centuries} in Slovakin
{ Sumanary’

The paper presents resulis of archacometallurgic ressanch oF medieval iron
metallurgy on the terrifory of Slovakia. Finds related 1o prodwction of irem and fron
objects in three different sites dated 1o X1" — XIU™ centuries were analyzed.
Resesrch reanlis showed iron was smiclted in low shaft fumasces of built-<in in
terraine steps type or of free standing bype, 1.2, in similar types of furnaces as were
used in Crest Mormva Empire (IX" — X¥ centuries). Medieval smiths ar the
analyzed siles used all contemporary methods Tor production od iron objects:
forging, welding, carburizsiion, quenching, pattem welding, They Tad a very good
knowledge of ron material propertics and they knew how to select proper material
and proper method o reach maximom wtility value of produced objects.  The
analyses also showed exchange of metallurgical knowledge and skills among
regions and settlements on medieval temritory of Slovakia,
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