ailiok L., Pribidova A, Mirotiavova E. LRoice),
k.otigorosko V.0 { Uzghirod)

Slug pit shaft furnaces in Slovakia and Transcarpathian
Ukraine

A5 penerally gooepted, iron spread into the Central Burope in the Bih
and 5th centuries B.C, from the Mediterranean region. First meshads of iron
unclting, dated to the éth century B.C., fostamd wn the cast Slovakia, related to
ihe smelting in bowl fumaces

teltic inhabitation that accupied in La Téne time @ great parl of west,
nurth and central Europe. ctarted to smelt iron in the small shaft furnaces, The
change was dependent o0 exploitation of mast of the surface deposits of
[irvonile iron Ores,

Slag pit shaft fumaces were frequently used m serritories of the Germanic
colonization in first centuries AD., but Celtie contribution to this invention s
ot excluded. The paper presents facts about finds of shag pit shafl furmaces in
e east Shovakia (Kysak, Tiver Syinka region) and in the Transcarpatiian
{kraine (Movoklimova). The finds are ni sufficiently dated.

Slag pit shaft furnaces in Kysak site, easl Slawakin, Specific imvention
i1 development of fron smelting was slag pit shaft furnace. This invention is
related by many scholars to Germanis inhabitation, The furnaces were found
in many parts of post — Celtic workd. Tn seandinavia, Genmaay, fohemia,
Poland, Slovakia, Transcarpathian Ukraine. The furmaces had shall and hearth
cangtructed over a pit with depth of nbiout 40 cm, Yicld of smeling - iron
sponge, formed in the hearih on tuyerc level, Through the iron sponge slag
flew over and coliected n the slag pit that was filled with brushwood before
sieliing. Archacologic find of such smelting is shag cakeo. the filling of the
slag it {fiz, 13 { Mihok, wirokEayovi, Kotigorosko, 2000, p.73-83).

Rig slag cakes, pepnnants of smelting in the shig pit shaft furnaces, wWere
giscovered in et Slovakia, neas the confluence of the river Homad with the
emall river Svinka. Four hig slag cakes were discovered in the village Foysak
by local inhakitants in vard preparation hehind the new built hose. Based on
|ogal reports, moTre extendive hloomery was expecied in the neighbeoenng are.
The fumaces were dated probably w the Ird or 4th centuries AT

Big slag cakes, small slag fragments, fragments of refractory materials
and fragmenis of pottery wert found an the site. Some of thern were sampled
and submitted to chemical, microscopic and X -y diffraction stryciure amialysis.
e of the four big slag cakes is in fig.2, the : seond one, fig. 3. was in fact fhe
half of the slag cake with dimensions of 45 % 27 cm and weight about 45 ke
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From this followed the whole cake had diamicter about 45 15 55 cm and its total
weight was up to 100 kg,

Chemical anulysis of the slag samiphes showed the slags wese bloomery
slags with high content of iron. Most of iron conbents were berween 50 and 6
wi % Typical structure al slag from Kysak is in fig4. It consisis of wiistite,
Fayalite, fron — calcium olivine, and ferrous olmas,

Refractory fragments that contained also the layer of adjacent slag, were
analysed. Chemical und X-ray diffraction structural analysts showed, they
were 5K, based. The contact between refractony and slag is in fig.5, As can
be seen from the figure there is intermediate laver positioned between the
refractory Faver and the slag laver The characier of contacting slag wns
changed. Only silicate components were found by the contace, the ones with
higher Ca and Mg contents prevailed. The firss oecurrence of wilstite was
observed in distance of about 1 mm from the contact. Mg, Si0 . and
FeD. Mg Si0, components were found in the intermediate laver. Fram this
follows the intermediate laver in form of thin fining was made of the alivine
sand.

Concerning the slag cake weight, the iron bloam, yield of smelting, had
weight of about 20 kg or maore. The slag in the fumace, conceming it
composition, could be highly viscous and its free flowing through the bloom
pores should be supported by some ather conditions. One. of them was
temperature inside the furnace. decreasing viscosity of the slag. Heat —
temperature conditions in the lurnace were considerably influenced by
eamposition of the refractory material that was based on clean sifica with high
refractony propertics. It's use decreased heal losses through the furnace walls.
Temperature increased in the interval where solid structure oF iron Bloom was
kept intact, but viscosity of slag dexreased, This fiact was also documented by
structural hamogenity of the slag. Next factor, probably influencing the mability
of slag. was elivinic laver lined on silicate refractony. The layer changed the
character of contacting slag and decreased its viscasity.

Slag pit shaft fumaces in region of the Svinka river, east Slovakip. The
finds of slag from iron production spread along the Svinka river from it estuary
10 the river Homad up to the village Radstice {(MiroStayovi, Mihok, in press),
They indicate existence of bigger metaliurgical centre with a few production
sites. The slag cakes, that were analysed, were found near the village Raditice,
site Dubrpvjimy, They were found in secondary position near field track, where
they were dumped after removing from agricultural field. Reduction furnaces
were probably sitiated in the ares ol present agriculiural field between the
field track and the lefi bank of the Svinka river. The slag cakes from Radarics,
where compared with the ones from Kysak, were smaller — dismeter of abou
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1 e, height of abous 10 cm and 1I1|:'_'-'twl."|'r: d;ni:hmn:ir:tl:z i:':::}mumicnl and

. taken &nd

Three Hmph_-s of slag were . heavy slag fragments, e

- 3 [ fthem were takon om s : |
A anai;-'blﬁm: t-W:I : zlag ':E.BE':. The sample taken from !Ihc “::,TF EI%
Ihi:ﬂ ::;_ﬁ:zmﬂw it 47,47%, its siructure contained tiny wilstite dendrites
LikE Ir ¥ :

i also different from

jlic: atris (Fig @), The siructone wias ! .

PR = Catfipmi SIIML[:E:“I;gs and suggested better reducing EEFII:].IHI-'H'IS l:lm l;h-.l
e e found and analysed. This fact did no

3 imls wore
, ¢ Mo refractory malera : .
furnisc dravw conclusions conCeming fumace u:am[‘r!.l o i 65.0%
albow 1o iR ents had very high 1.m||c .wh:lmg
ETT{.:T.TH:}' contained dense wikstite struciure ujn.h hhn:;tt‘mush:r
ved from the fumace with siag U ian Lkraine
roe tht wm-ﬂ::“ fumaces in Movekhnovo, IrEII'I:'S-E-iI.TPMhI‘I.I:I: ;1;:; e
5|ﬂi e sites near villages Novoklinovo e Di:k i : nants of slag
g g:n are characteristic by finds of big slag '.“SEEF 0 structural
Sl :%lm’l-ﬂﬂr es. The samples for chemical, X-ray d‘ﬁ“""*s]::' fragments
i iha' nd microscopic anilysis were taken from ::T‘;ﬂ Ti'annul'-'ﬁf'i
analysis & . : . o, 1999, p 2152200 o
: { Frihlichova, Kotigonik : ie pre A
';.Mmlh' Fnh;jl?:mm in fiz.$ and fig9. Resuls ol n:'r!:mm! :THI-I:E e
Ilr?hgﬂ:T ;:htgmun from the Table, anilyses are '}'P‘f“f-:ﬂ o r.:.ﬂ:?niugbasit
; 6 o ; :
. 5 . jonal additions of siag g
ts exclude intentiong : . wral analvsis
<5 E::irr:u..:z::?mﬂacc charge, Results of X-ray d:_rfr““"':'“ E:]EE' wmmfmf:d
maber| i5 of hloomery :
g Typical structural components i i structorel
T’T;m ht:;h!‘;?,:‘mm':inn afthe slag no.6 is also reflected in its
SENCE

O i tents in the slags point 1o very inefticient rnduﬂuﬂnrpirum&[m "

H.E:h mftﬂ;:-naue Ii iz very importand Lo nolé that contents o bk
e high, but not o high as the Gnes sa:fs ol Laténe n
g 5Eﬂ£$+;“d |I:m 1I:he territory of Slovakia [Mihﬁk___, Cengel, :3:\5-::'.;1};.
iy Ehigrrlli'J“i:‘mr'.-'i':lm:nls:, Longauerova, Cengel, Javorsky, lﬁfﬂ, -|:|1. ml 255
4o pl-&lﬁ}e m. orted by microscopic abservations. Muost ul H"“;}I{pliﬂncsi
x5y ﬁﬂ " upcfur: that consisted of fayalite, }r-_:m - &a !:n.u. i
o5 5:;:: T:L;himn alivines, and ferrous ghass. Wiistite was minor const
nagn -

in the structure {fig. 10).
: Conclusions. The slags from s
and from Novoklinovo in Transcarp

fles in Kysak and Radatice in east Slonvaki
athians Ukraine were studied. All three
i i Al bree
f shigs were by —products of smelting in skag pit shalt :’ua:nl_:dcsq_lrm“m‘
it ve different in structures, The staps from Ky . ,.'.,h'ru;...- vl
i M-;m in contemporary Laténe and Romn slags. Ability of :
that was Coamm
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slag to flow through iron hloom pores was enhanced by fumace construction
improvements. The slags from Radatice and from Novoklinovo had silicate.
structure with low contents of wiistite, Fayalitic - olivinic slag had relatively

low melting point. This property enabled the slag 1o flow through iron sponge
pores down to the slag pir.

Table I

Results of chem ival analysy af Novoklingve slags, wiL%i

Smmpless | 50 Fe Cal Mel Al M Fell
: 1784 40 14 234 i 40 ooz Y
3 o] 4635 F i L2 042 477
4 ngg 50 52 162 i il 20 .67 04
5 4330 4132 i3 0 D) oim a3
& e ] 5T S04 28 L33 1] 353
7 2102 |42 304 22 o 373 437
Table 11

R esmlin of X-ray diffraction unalysls of Novoklinovae slags

Sample ne [ Siructur coinpimenty in sanple

£ 2Fw0 S0y, Sillhy; Fe Cr {02 Fe i Sas

5 2Ee 50y, Sy TR0, (0 Fe i S0k

fi 2Bl S i, Fa o a0 Zall, [Fa, W10 Zie
Literature

Mihok ., Mirodsayiwd B KntigoreskoV G, Siag Pir Shaf Furniaces for Irun smelimg im
i Centrnl Cerpuihigns Regaon Metnllgewinnung e - "-'h:mhei:ung. viber Anike [ Schwerpanki
Eizend. Archavalogia Slovacn Monagraphie. = Mitra, 2006 - [IL = 2 73-85

Mehalk L., Pribwsfovi A, Frohlachewd M., Ketigoroska V.0, Research of Sligs from Smelting
ind Warking of ron from | 8Téne and Early Boran Age from Upper Tisea River Region 4 57
AL SAN — 1089 _ 33 - P3| 5226

Mihok L., Cenpd P, wwamsky F Anabvsiz of fron Production m Early Roman Perind in
SpiE A Novd obecey. — 19RT - 19 . Pl as-179

iliok L, Losgmoerivg B Ceigel P, Jovorsky F, Analysis of Iron Producism in ke
Rimam Period in b U = . Pd15-932

Mircsayensd £ Mihok 17 fron Pradugism in the River Svinksa Regwm. Preparcd for
Publicmion

220

dag

prom Bloom

F1' 1, Bchematic representation of slag plt shafd famace.
g1

3




PEs MEAY U1 pUAGY 3NED Feys B pHid

TR RSA oy pureg ageo Snge g vy




225

airs Wit A uniy Fdsuers s uy Fage po [EUSERS AT AR 1303 "5 Bl

mrig ]

plEset




221

5 ....m_”_
b aB U
AL
L7 P ¢
- ] 1Ak
(8115
...1_“ Ll
uf JLEmLI

oy Tkl

115 -JIUAPTH




1Y

VY FUgE 6 WMER ] 6 A

THIE AL [ EADSY









