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Iron Smelting Slags Found on Hill-fort Stremtura

Abstract: The paper presents short information about finding place Stremtura -
Irshava. From this location two pieces of slag were analysed. The work present results of
these analyses and their evaluation. The process of iron smelting in slag pit shaft furnace is
presented.

Introduction: Research of economy development levels of ancient inhabitation of
the upper Tisza region includes very important tasks related to origin and technology of
different crafts (pottery, glass production, metallurgy, smith’s trade etc.). One of the most
problematic tasks is determination of ferrous metallurgy origin chronology as branch of
crafts in north-east part of the Transcarpatnian Ukraine.

Origin of iron smelting technology on the territory is based on numerous researches,
connected with Novoklinovo centre and dated to laténe time (Bo3necencrka, Hemonako,
[TanwpkoB, 1996, c¢.115). S.1.Penjak, I.I.Popovich and M.F.Potuchnjak (1981, ¢.300) dated it
earlier, to the VII™" — VI centuries B.C., probably to the VII"" century B.C. (Ilonosuuy,
2002, ¢.88). This opinion was supported by discovery of working platform with iron
smelting hearths at hill-fort Stremtura (Irshava).

The hill-fort is situated on north-west side of the town Irshava on the 300 m high
hill Stremtura. Area of the site is 8 h. It has the form of prolonged oval with east-west
orientation of the axis. The length of outer mound was 1200 m. Complementary mound
divided the site into two parts: the upper and lower ones (ITomosuu, 2002, c.77). Total
excavated area of 800 m? enabled to determine the horizons of site inhabitation: VIII" —
VII" B.C., X"~ XI" A.D. (ITonosuy, 2002, ¢.82,88).

Working platform was discovered in the upper part. In excavation I11 (300 m? by
I.1.Popovich) in depth of 0,15 — 0,2 m fragments of ferrous slag conglomerates were
found. In the northern part of the excavation a sector was fixed with area of 16 - 18 m?,
where slagged pieces of rocks were found together with fragments of hearths walls. 30
hearths were found in depth of 0,9 m, their top parts were destroyed. Burned fragments of
hearths walls with thickness of 3 — 4 cm, that protruded 0,1 — 0,2 over the original
horizont, were also found. Lower part of the hearths was 0,25 — 0,3 m sunken in soil. All
hearths had circular ground plot with diameter 0,4 — 0,6 m. They were found very close
each other (ITomosuy, 2002, ¢.82). Bottoms of the hearths were filled with compact layer
of charcoal with thickness 0,1 — 0,15 m. Over the charcoal layer pieces of slag with high
content of iron were found. Towards the upper part dimensions of slag pieces increased.
Such character is demonstrated by section A-Al through the hearths 9,10,11,16 (Fig.1).
Similar information resulted from cleaning of next 24 hearths. Only two hearths, no.28 and
no.29, were found in secondary position. They were formed by compact mass resembling
truncated cone. The upper part of the cone consisted of slag wastes, the lower one
contained fired limonite (ITonmosuu, 2002, ¢.86). Hearth no.28: height — 0,3 m, diameter —
0,4 m; hearth no.29: height — 0,34 m, diameter — 0,45 m. I.1.Popovich (2002, ¢.86) came to
the conclusion, that, based on absence of furnace walls fragments and other features
characteristic for furnaces or hearths, both “hearths” on heaps originated from wastes of
iron smelting furnaces, from which iron blooms, products of smelting, were removed. The



researcher presented his opinion, that the rest 28 hearths represented unfinished process of
iron smelting. He supported his opinion by the fact that the fillings of the hearths
represented from technological point of view unfinished working cycle. I.I.Popovich
(2002, ¢.88) added to the iron smelting complex also the object no.1, excavation IV,
determined as the furnace for charcoal production.

The working platform found in Stemtura has its analogies in Laténe - Roman sites
(Novoklinovo, Djakovo, Holy Cross Mountains), but the researcher insists upon earlier
date (VII™ century B.C.), based mainly on ceramic material of excavation, namely stucco
pot dated to the VII" — VI B.C. (ITonosuy, 2002, ¢.86). The authors of this paper
consider on the basis of their own studies, the “hearths” on big slag cakes found on
Stremtura site as remnants of slag pit shaft furnaces for iron smelting, that were typical for
Roman period in post-Celtic world (Pleiner, 2000; Mihok, 2006; Mihok et al., 1999).

It is necessary to relate the chronology determination of the working platform with
the periods of hill-fort functions. There are three problems to solve. First, the site is
multilayered (VIII"™ — VII'" B.C., the last centuries B.C. — the first centuries A.D., X" —
XI" A.D.). Second, no attention was paid to construction of furnaces (or hearths). Third,
the analysis of technological process was not performed.

The paper presents analysis of slag taken from hearths 28 and 29.

Fig.1 illustrate finding place and plan of working platform on hill-fort Stremtura -
Irshava.

Fig.1. Hill-fort Stremtura - Irshava. Plan of working platform: 1 - humus, 2 - soil, 3 -
filling of the hearth, 4 - slag cake, 5 - contours of destroyed hearths, 6 - slag wastes, 7
- walls of hearths, 8 - charcoal (after I.1.Popovich).

Characteristics of the samples: Two pieces of slag, that were found in this location,
were selected for analysis.
The slag pit shaft furnace is on the Figure 2 (Pleiner, 2000).
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Fig.2. The working of the slag-pit furnace, based on finds and smelting trials. A -
Before smelting: 1- shaft, 2 - virgin soil, 3 - tuyere block, 4 - bellows, 5 - charcoal, 6 - iron
ore, 7 - straw or brush wood. B - After smelting: 8 - furnace slag, ore residues, charcoal, 9
- iron sponge, 10 - slag bloc in the pit, 11 - charcoal and ash.

Slag pit shaft furnaces were repeatedly used. After finishing the heat, a new slag pit
was prepared. The furnace structure, after necessary repairs, was moved and positioned
over new, empty slag pit (Mihok, 2006).

The sample 1 had shape of bigger bowl and it was broken on surface, characteristic
by many sintered places (Fig.3). The weight of sample was 1380 g. The sample was dark
grey coloured with rusty colour on several places and many glossy silver particles. On the
surface very porous places were observed.

The sample 2 had bowl shape at the bottom. This sample was grey coloured with
rusty places and many pores on the surface (Fig.4). Silver coloured particles were found
on the surface. This big piece of slag had weight 1970 g.
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Fig.2. The sample 1.
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Fig.3. The sample 2.

Analyses of samples: Chemical and microscopic analyses were performed at the
samples. To do it, the samples were divided into two parts by diamond saw. The first one,
after drilling, was used for classical chemical analysis. Mineralogical surfaces were
prepared by grinding and polishing of the second part samples assigned for microscopic

analysis. Structural components were observed on mineralogical surfaces under
metallographic optic microscope.
Results of chemical analyses of two slag pieces are in Table 1.
Table 1. Chemical analysis of slag samples from hill-fort Stremtura - Irshava.
Samples| SiO2 | Fewt. | CaO | MgO | Al.Os | MnO | FeO P
(wt. %) | (wt. %) | (wt. %) | (wt. %) | (wt. %) | (wt. %) | (wt. %) | (wt. %)
1 42,30 | 2792 | 7,28 | 400 | 0,40 | 0,25 | 28,74 | 0,063
2 43,66 | 37,92 | 280 | 360 | 0,81 | 0,09 | 41,09 | 0,056

The sample 1 represented slag from slag pit shaft furnace for iron smelting. Silica
content was 42,30% and Fewt. content was 27,92%. Total iron contents in the samples
nearly correspond to FeO contents, i.e. most of iron in the samples is in form of FeO.
From the low contents of CaO, MgO and Al.Os followed no additions of slag formers in
the processes were made.

The sample 2 represented slag from slag pit shaft furnaces for iron smelting, too.
Silica content was 43,66% and Fet. content was 37,92%. Low contents of CaO, MgO and
Al>O3 suggested no additions of slag formers in the processes were made.

Microscopic analysis of sample 1 showed the sample represented slag from slag pit
shaft furnace. Silicate matrix and a lot of wiistite FexO dendrites were found in the
structure of sample (Fig.4). Silicate structure was composed by components on fayalite
2Fe0.SiO; and ferrous olivines basis (Fig.5). Structure of sample 2 (Fig.6), was formed
by silicate matrix with only a few dendrites of wiistite (Fig.6).
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Fig.4. Silicate matrix with wiistite FeO
of sample 1.

Slag pit shaft furnaces in Transcarpathian Ukraine on sites Novoklinovo — Djakovo
and Stremtura — Irshava: Archaeologic sites near villages Novoklinovo and Djakovo,
Transcarpathian Ukraine, are characteristic by finds of big slag cakes, remnants of slag pit
shaft furnaces. High iron contents in slag samples taken from the slag cakes pointed to
inefficient reduction process in the furnace, but the iron contents were lower when
compared with the slag from older sites. The fact was supported by microscopic
observations. Most of analysed slags had structure in which silicate matrix, that consisted
of fayalite, iron — calcium olivines and ferrous silicate glass, prevailed (Fig.7) (Mihok,
2006). No olivine layer on shaft building materials from Novoklinovo — Djakovo was
found (Mihok, 2006).

Results of chemical analyses of slag pieces on the Novoklinovo are in the Table 2.
From chemical analysis results that sample 1 wasn’t slag. In this case the sample
represented inorganic material with high silica content. Others samples represented slag
from low shaft furnace typical by ineffective reduction (Mihok et al., 1999).

Table 2. Chemical analysis of slag samples from Novoklinovo.

Samples| SiO2 | Fewt. | CaO | MgO | Al20s | MnO | FeO
(wt. %) | (wt. %) | (wt. %) | (wt. %) | (wt. %) | (wt. %) | (wt. %)

1 74,26 | 6,70 | 3,92 0 3,06 0 0,57

2 27,84 | 49,14 | 2,24 0 0,40 | 0,02 | 34,90




29,94 | 46,35 | 2,24 0 1,02 | 0,02 | 47,70
30,28 | 50,82 | 1,68 0 0,40 | 0,07 | 50,40
43,50 | 41,32 | 3,36 0 2,65 | 0,10 | 29,30
28,10 | 45,79 | 5,04 2,8 1,23 | 1,89 | 55,32
23,92 | 4558 | 2,24 3,2 0 3,77 | 43,70
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Conclusions: The work presents metallographic analysis of slag objects from hill-
fort Stremtura — Irshava. Results of chemical and microscopic analyses are as follows:
1. Both analyzed pieces of material were slags from slag pit shaft furnace.
2. The samples were typical by less silica contents and higher Few: contents. Low
contents of CaO showed no additions of slag formers into the process.
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AHaJIN3 JIMTEHHBIX HIVIAKOB ¢ ropoauma Crpemrypa
(Pe3rome)

HccnenoBanue ypoBHSI SJKOHOMUYECKOTO Pa3BUTHsI IPEBHETO HacelieHus BepxHero
[ToTucks mpeaycMaTpuBaeT pelieHne, Kak KII0UYeBbIX BOIPOCOB, BPEMEHU BOSHUKHOBEHUS
M TEXHOJOTMHM  pa3NuyHbiXx  pemécen  (FOHYAPHOTO,  CTEKJIOJEIaTeNIbHOrO,
METaJUTypPrUYeCKOro, Ky3HeYyHOro u T.1.). OquuM u3 Haunbosee MpoOJEMHBIX SBISETCS
OTIpEJICTICHNE XPOHOJIOTHH 3apOKJIEeHUA YEPHOM METaulyprud, OCHOBHOW OTpaciu
PEMECIIEHHOTO MPOU3BOJICTBA B CEBEPO - BOCTOYHOW YaCTH PETHOHA.

OBnazieHME TEXHOJOTHEH JHThs YEPHOrO MeETallla Ha JaHHOM TEepPPUTOPHH
OOJBIITMHCTBO HCCIIEIOBATENCH CBsI3pIBaCT ¢ HOBOKIMHOBCKUM IIEHTPOM, JATHPOBAHHBIM
pyoexeém Hamei 3pbl (Bo3necencobka, Hepomnako, IlanbkoB, 1996, c.15). bonee paHH010
natupoBky mnpennarator C.M.Ilensk, W.M.IlonmoBuuy, M.D.Ilorymmnsk (1981, c.306),
onpenenss e€ B pamkax VIl — VI BB. 10 H.3., ¢ nonbiTkoN koHKpeTusanuu VIl B. 10 H.3.
(ITonoBuu, 2002, ¢.88). OcHoBaHWEM JUIsl JaHHOTO YTBEPXKICHUS MOCIYKHUJIO
obnapyxenue Ha ropoaunie Crpemrypa (MpmaBa) paboueit IIiomaakd ¢
KEJIe30TIaBUIIbHBIMUA TOPHAMHU.



B cBsizu ¢ 3TUM paccMaTpUBaIOTCS JaHHBIE, MO3BOJIMBIIME MOCTABUTH BOIPOC O
YAPEBICHUM KAaK MHUHHUMYM Ha TOJ TBHICAYETETUS METALTypPrHUecCKOro pemecia
3akapnaTbsl.

['opoauie pacmoyioKEHO Ha ceBepo - 3amagHoud okpauHe r.Mpmasa Ha rope
Crpemrypa (300 M Hax ypoBHeM Mopsi). [nomans namsatauka 8 ra. B minane umeet hopmy
BBITSIHYTOT'O OBajia, OCbI0 OPHUEHTUPOBAHHOI'O IO HAIMPaBJIECHHUIO BOCTOK - 3amaj. JlnuHa
BHemHero Baja 1200 M. /[omOJIHUTENbHBIM BaJOM TOPOJUILIE PA3JEICHO HA JIBE YaCTH:
BepxHIOI0 U HWkHIOK (Ilomouu, 2002, c.77). O6mas BckpbiTas 1wiomaab 800 kKB. M
MO03BOJIWJIa YCTAaHOBUTH TOPU3OHTHI 3aceseHus namsatauka: VI — VII BB. 1o H.3., X — X
BB. H.3. (ITormoBuy, 2002, c.82, 88).

PabGouass muomanka oOHapy)keHa Ha TeppuTOpuH ‘‘BepxHero” ropoaumia. Ha
packore Il ma rmy6une 0,15 — 0,2 M OT COBpeMEHHOW OBEPXHOCTH HailACHBI (PparMeHTHI
JKEJIE3HbIX IUIAKOBBIX KOHIJIOMEpATOB. B ceBepHOM wyacTu packona 3apuKCHPOBaH
y4acTok 16 — 18 kB. M, 3a0yTOBaHHBIN OLIIIAKOBAHBIMU KyCKaMH MOPObI, CPEAN KOTOPBIX
00JIOMKH CTEHOK TOpHOB C Xene3Hoil Hakumblo. Ilocne pacumctku, Ha rioyOune 0,9 M,
oOHapyxxeHo 30 ropHoB. Bepxnue wux uactu ObuUM pazpyuieHbl. CoXpaHUIUCH
npoxcoKEHHbIE CcTeHKHW, Toiumuuoun 0,03 — 0,04 M, BeicrymaBmue Ha 0,1 — 0,2 M Han
YPOBHEM JIpeBHEr0 ropru3oHTa. HuxHss yacTh TOpHOB ObLTa yriryOsieHa B maTepuk Ha 0,25
— 0,3 M. Bce ropusl B tutane kpyriioi gopmel, auamerpom ot 0,4 mo 0,6 M. PazMerieHsl
wioTHO oauH K ojxHoMy (ITomoBumu, 2002, c.82). HwkHHe YyacTH TOPHOB 3aIlOJTHEHBI
CIUIOIIHBIM CJIOEM YTJis, TojmuHa kotoporo 0,1 — 0,15 m. Hag HUM Haxoaunuch MeJKue
(dbparMeHTHI OIIIAKOBAHOW T'y0YaTON MacChl CO 3HAYUTEIBHBIM CoJepx)aHueM kenesa. K
BEpPXY pa3Mephl KEJIE3HbIX NUIAKOB YBEIMYUBAIUCH. Takoll xapakTep 3amoJHEHUs YETKO
npociexked B ropHax Ne 9, 10, 11, 16 — pa3pe3 A — Al (puc.l). AHanornunas kKapTuHa
OTMEYEeHa BO BpeMsl pacuucTku 28 ropHoB. MckmouenueM Obun 1Ba — Ne 28 u Ne 29. B
OTJIMYMU OT OCTAJbHBIX, OHM HAXOJAWJIMCh HE Ha CBOEM IME€PBOHAYAIILHOM MeECTe, a
IPEICTaBIIAIN CILIOMHYIO (POpPMBI ype3aHHOrO KOHycCa) MaccCy, BEPXHSS 4acTb KOTOPOH
cocTOsJla M3 IUIAKOBBIX OTXOJAOB, @ HWXKHSAA — CIUIOIIHOM CEpOTJIMHAHOM Macchl
cneuyéHoro sumonuta (I[lonosuy, 2002, ¢.86).Yymka Ne 28: Beicota — 0,3 M, quamerp —
0,4 m; gymka Ne 29: Beicota — 0,34 M, quametp — 0,45 m. .W.ITonoBuu (2002, ¢.86), Ha
OCHOBAaHUU OTCYTCTBHUSI CTCHOK M JAPYTUX MPU3HAKOB, XapaKTEPHBIX JJIsi TOPHOB, CAEal
BbIBOJI, uTO uymiku Ne 28 um No 29 sBist0TCS OTXOAaMHU >KEJI€30IJIaBUIBLHBIX TOPHOB,
pa300paHHBIX TMIOCJE BBHITJIABKH, a >KEJe3Has KpU4yHas Macca B3ATa KaK MPOAYKT
npou3BoJicTBa. MccnenoBarenb cUMTal, 4TO OCTaJIbHbIE 28 TOPHOB HE AAJIM MPOAYKIIUH,
apryMEHTHUPYSI BBIBOJI XapaKTepOM 3alOJIHEHUSI JTUX TOPHOB, TJI€ BCE JIeTalu
TEXHOJIOTUYECKOTO TpoIiecca (PUKCUPYIOTCS Ha CTaIUHA HE3aKOHYEHHOTO Pabovero mukKia.
K xenezomnaBunpHoMy komiuiekcy WM.M.ITonmoBuu (2002, ¢.88) orHéc u oObekt No 1
packona |V, ompenenéHHpli Kak Tedb yriaexéra. fIma mpAMOYroibHOW (OpPMBEI,
OPHMEHTUPOBAHA 110 HAIIPABJICHUIO 3a1aJl — BOCTOK, pa3mepsl 1,7 X 1,3 M ¢ 3akpyIJIEHHBIMU
yriamu, yriayosnena B marepuk Ha 0,37 M. CTeHKM mpsiMble, OOMa3aHbl TJIMHOM U
000 KeHbI 10 KpacHoro mnpera. TommuHa creHok 0,25 M. Ileub 3amojiHeHA CIUIONTHBIM
CJIOEM YTJISl.

[IpuBens anamorum paboueid miomiaake CTpeMTypbl C MAMSTHUKOB JIATEHO —
pumckoro Bpemenu (HoBokimnHoBo, [Isik0oBO, mMyHKThl ~CBEHTOKXHUTCKHX TOp),
uccienoBaTesb BC ke HacTanBaeT Ha Oosee pannei natuposke (VI B. 10 H.3.), BeIABUTAs



KAK OCHOBHOM apryMEHT KE€pPaMHUYECKUM Marepuall PacKolla, MPEACTABICHHBIA JICITHOU
nocynoi VII — VI BB. 1o H.3. (ITonoBuu, 2002, c.86).

XpOHOJIOTHYECKOE OlpezesieHne pabodeil MIoIaJKi Ka3ajaoch Obl COOTBETCTBYET
OCHOBHOMY BpeMeHU (YHKUHOHUpOBaHUS ropoauimia. Ho. Bo-mepBbix, NaMsaTHUK
muorociounbsit (VI — VII BB. 10 H.3., pyOex H.3., X — X| BB. H.3.), BO-BTOPBIX, HE OblIIa
IPUHATA BO BHUMAHHUE KOHCTPYKLMS TOPHOB M, B TPETUX, OTCYTCTBYET aHaJuU3
TEXHOJIOTUYECKOTro Tpoliecca. B CBSI3M C NpUBENEHHBIMU COOOPAKEHUSIMH CUHUTAEM
HEOOXOJMMBIM B OCHOBY OIPENCICHHUS KYJIbTYPHOW NPUHAIJICKHOCTH OCTaTKOB
METaJUTypru4ecKoro npou3BoacTBa CTpEMTYPBI MOJI0KUTh KOHCTPYKIIMIO TOPHOB, @ TAKKE
aHaJu3 MIIaKOB U3 TOpHOB Ne 28 u Ne 29,

Pe3ynbTaThl aHanmu3za JUTEHWHBIX HITAKOB TOopHOB Ne 28 um Ne 29 mno3BonsitoT
TOBOPHUTH, YTO 00a IUIaKa ObUTM pe3yJbTaTOM BBHIIUIABKM METaJUla B IIAXTOBBIX MEYax,
BpeMsl KOTOPBIX ONpENeNsieTcss MPOU3BOJACTBOM kene3a B HoBoknuHOBO — JIsKOBO U
CBEHTOKXHUKCKUX TOpaXx.
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