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Slavic production of iron in light of slag analysis

Introduction

Cipe of the mam driving forces of developmen of Slov iribes afier senlitg m the
Carpathians reglon during Migration period, was production of fron frem ores. It i
well - known that Slavs developed their basis knowledie of smelting and working of
iren in original settlements prior 1o Migracon period. 11 was sot Tully recognized,
how bewinnings of kv dron metallurgy afer inhabitation of new larritarnes were
milwenced by expenence of previous inhabitants, Metallographic analvsis of iron
phjects of both Slav amd  Awvaric ortigin showed many similar features {Milok,
Sobrikova, Holly, 1%, pll5-107; Mibkok, Pribulovd, MaZaly, 1995, pI45-188)
syppesimg important miluence of new neighbour, Avar Kaganace. Level ol Sl inon
metallurgy culmmated m the Great Mo period, when fron smelting was perfommed
in ihree kinds of small reduction fumaces, chasacteristic for this region,

This puper presents study of smclting remnants found in four archasologic sites
in Spid, porth-eas Slovakia and i Centrl Slovakia site Stiac - Hoené zeme (g0,
All sites are dated fo pre-Gireat Morava and CGreal Morava perniods

Slags fownd in Slav sites at Spid, Spit region in Monh-East Slovak i, owing o
its [avourable postion on irading path from Mediterranean 1o Baloe, was dense
popilated i protohistens and carly Medieval times. 18 s the reason, wiy whole
territory of Spi is full of srchacologic sites and finds. Many of them are related o
srmeltimg and working of iron, Members of archneometallurgic grodp at Faculoy of
Metullurgy did the rescarch of many fiads from nemensus sites in Spis that enabled
them io describe developmeants of iron metallurgy from La Tese peniod wp 1o the |9
comluiy i this region,

Resiles of chemical annlysie of slags from foor Skav sites are in Tub |,

Four pieces of sfaps, designated SM2, SW7, SN11A SN IR, represented pre-
Ciread Morava site Spifské TomaZovee - Pod Hradiskom. First three ones were
characterized as bowl shaged or fragments of biowls, containing many charcoai prints
on their sarfaces. Sample 138 had glassy character on some places, it was mat
characterized as slag.

Somple 138 represented very rich hemate eron ore, as was clear from chemical
amalysis, Mictoscopic analysis of samples SN2, SNT and SN13A showed, they
represented smitly slag. They containesd two component silicate matrs, remnanis of
scdles, corrosions products, remnants o7 2ilica sand and charcoal (fig.2). This finding
was also confirmed by chemical analysis of these samples, nomely mtio Fe |, ( Fe **

Multiphased inhobitation (Bronze Age, Late Boman Era, Greal Mosava |';|¢ri|:|ﬂ|}
was founcl in site Poprad-3iriFe, Ma rdrcesti, The slag, represented by sample SM2 T,
belemgs probably o Great Morava honzonn. Analvead piecs was chamcterized as
dark-grey lump of poroas siag, Microscopic analysis showed tepical analysis of sl
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from smelting process in small reduction furnace. 1t contpined wiistile dendrites mn
iwo component silicate masrix {fig.3). Shape of slag piece and stucture features
Aot allow 10 decide, i slng was tapped from the fumace or not,

[nhabitation dated to the Great Monva perind (B* - 9% centuries AL} was hu.mi
in site Zehra, Hlinky 1. Here Slav pottery, slag and parts of clay walls nf_snwhmn.
furnace were Tound. Sample SNB contained three picces of slag. All three pieces had
cinwoth, melted surface, two of them had rope-like shape. Structure of all thres samples
confirmed analysed slag was waste of iron smelting in srl_'laﬂ'l I'-l:ﬂll.lll:flﬂl'l furnace. The
structure was typscal by wustite dendrites (smaller or bigger) in two - component
silicate matrix (Tig 4}, The structure of all three pieces was relatively humu?gnm_:nu-r.
This Tact topether with shape and appearance crf'tl_ag, Ei:mi sugpested high |H:|II|I::__
state of slag in furnace that probably enabled to tap it. Pacoces of hroken sl.-ig; cukes a
apped skag were not found at the site. Annlymg set of u!mpks I‘rnm_mc .'-".e'rufu,
Hiinky | contained alsa the fourth piece. ks analysis showed 7l was very rich bematile

! le | .
i ﬂﬁ?ﬁﬁﬁmhn a* and 10 centuries A £, was found at site Helenin
dvor. cadastre Vei'ka Lomnica. Two stag pleces, destgnated 25 SN, were selected
for analysis. Ome of them, SNSA, had shape of I'I-al.hu-wl aind contamed chm:ua;
prands, The second one, SN5B, had irregular shape with nju:ll:d- smadath surface an |
many cracks. The sample SNIA was typhcal smithy skag, its structisre ‘rrml all fypica
Features of smitly slag. The sample SNB had structure, that was domimated by two
component sificate and contained a ot of metallic iron particles and a.1mnrnm1-us_mr;
products {fig-51. It was probably also smithy skag, though its shn;_u.- wis ot r:.upcu:a“
far such kind of slag, but possibility, that slag represented spoiled heat 0 sma

i , could not be exeluded. _ !

TEGHEST:;E::::; i‘;nﬂh\r wites Shiaf - Horné Zeme. Slln- siles in locality Slum!_ .
Homé Zeme belong to Siav inhabitation of Zvolen bagin in the Central Slovakea.
I'wo Slav-settlements separated by branch of the river Hron wene excavated. The
settlements, dated 1o the 8% - 9% centuries AT, had n:gﬁ:nhuhal and craftsmen
character, Besides other fimds also many pieces of slag, iron ore and ﬂ'agm:!rrr
nyere were found. Two of the excavated objects were I:I-:stl'"]_nd by archacologes: as
smelting furnace and smithy workshop. Also finds of wron -I!h_llﬂl:l.'l- were frequent.

21 pieces of stag and fuur pieces of iron ors were submined for chemical and
microscopic analysis. Samples of wron ane hinel irom |_::u|1m:-1|.1 Iﬁ'mn 43 v 34 wi e,
Samples of slag were divided into two groups aceording to their ih.pﬂ Most n:ll'11!'|ed
slag in the first group were described as dark grey small ple«l:ea_mm sr_mnlh.m& be
curface. Mast of them had rope-like shape, Big slag preces of indefinite shape, that
remmined i furnace hearth together with bloom, missed, All pieces of slaps in the
first group were fragments of big slag cakes, that muhe_»d_ ﬁrm:-l apping of skag fn_Jm
the furnace. T - fact suppesied better temperature conditions in tne hearth, resulting

i of funw viscosi.
: Ililflli:ri::fnpiu analysis nifrrmn siags pointed 1o another decisive fator Oy three

209



of slags frem the fiest group had higher
sher comntent of it i : .
the slag had very similar structure, composed of :fr;'f":::f.l_”m'""- Mozt ol
LI;: very I1||i=_{_|!‘rg.ﬁ] or none particles of wiistite (fig,7) Tﬁid.l[;::m CARTI 0
el E;::"n mnnm in lh:. Furnace and better vield of iron Rtmllin:?r;:;h
ith e 12 of wilstite had lower melting point which resulted in ¢ £ Sage
""'-‘“'f';l']l'!-' Lllrrdu'l:m,p-:mw: conditions in furnace bearth m s lowers

e slag in the second group was smith \
: smithy slag, the slag that w r
hattom nF ic smithy hearth. It posscssed all typical features of :::.Ihu:d o
pha : silicate, remnants of seales, remnants of silica sand. cormoded Hiy.sig 1
iroi. Examgile of such structere iz n fig 8 ' pieces of metallie
Smalting activiry ar the site was 5 .

- . : ; upported by finds of iron -
:"’m““ﬂ; and X-ray diffraction ssméturat analysis showed .sf'r:frﬁ g
. pﬁml bog ore. One of analyzed pleces is in Aig% As can be se yzed piec .

gL, |l1=_F'!'=E= is composed of distinctly separated lavers formed i en from the S
sedirnemiadion of iron .ullls dissolved in water. Author of ;IIE' l-'d“;ﬂ pracess oft |
;F}h:gm from excavations of Hallstat senlement in U"‘:'-‘_im'f:?:r: k""d SIructuses
: b lmr-rma:rm:mr:lum of bog are with separsted layers was fousd |x|:- : ]::14. p_ﬁq_
sarctural nalyss of bog ore from st Shia - Homd Zeme determimed tw. ot
|run—h1_r-ar|n.g._:-:lmpﬂn:ms: limonite FeO{CH) and Fe Si 0 (0 Nl v
iron ul:a::.“ ST munlynts reomtts Veoy Itk i k“:hm: :'.-hat ]':as e
iton metallurgy from the beginnings of Slav inkabitation o the prese STk
. cu rnm.mun of Skav erm in Gr.n::ri'ﬂmvu Empire. Three main types I_,‘T. Iu""““"I“P

5:;?::‘5;: dﬂin:at ﬁau period were described: free standing shafi |:|::1$EIIME
ferrnine ste I:E.:r:i Ew:mhl Imola type fumaces built in intentionally s ""ﬂ
i bl o flarmaces, Very littlc is known what was.
ewelopment I:u:uimg 10 those furnaces. Many questions we what was the
archacometallurgisr related o slag tapped or not ¢ i Emrtlpllut by leading
Hn:lmr Era ::u:l Early Medicval (Tylecate, 19923 t elfing furnaces in
1 Inst three types of fumaces were recopnized |
. - apnized in LaTene and
:::r:? Tfhhm“. free standing small shaft fumaces, slag pi?ﬂuimﬁ,mn F,:'m b
Fﬂmli.;ha m:upﬂ_litl'_'mé furnaces (Cengel, Mihok, 1 K, 1982, p.522.52 f-“' and in
i ova, Balad, IU'EIS..[r.E 1-63; Mihok, F'I'il:ll.llm-:‘I I"! ek rm. }'iqi Mﬂml_;l
oz from ¢ : M—:Ir;;h:lr hotr omstrution dasiyied i slog "“F'F‘“"EF I::I:.l “‘ilﬂllg e
and [mol i mm“-:h Coacerning Cirest Morava fumnces, E'"ei?:h i
MMEIW wr.ﬂmmmgcd for slag tapping. Free stanging sma-ll qm;‘:e fype
slag tapped but experimental smelting of Czech archseologists | iaigeanps
of slag with high viscosity difficubL alogists found tapping
Author of presemed work analyzed
; 5 ; # lot of medal ;
m: ::m o4 one site, Spisské Viachy, Pod lnzik, imﬁmmﬂzu" kit
. :_"-'-!-; very duﬂ?ﬂth [ rf:ngnize from amalysis if slag from imﬂwn: S.F"E
i!mh ; :iimuun in Slav sites at Spi€, were tapped from furnace or nat, byt EH‘F""TE
 in site Zehea, Hlinky | was very probable, Unlikely those finds, ﬂﬂlgz- TIT:?T-I;'::I‘:-.E :-:'
Ira
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slovakia Slav sites Slial - Homé Zeme were tapped from the fumace. Seriking
difference between Spid and Central Shevakia slags is in their siructure, Slags with
purely silicate siructure with no or very small contents of wikstile fully prevailed
mnong slags from Sliat - Homé Zeme site. Such stryctire indicated high liquidity ol
slag in the furnace hearth, ready to be tapped. Mo such structural features were found

i Spid smelling slags.
It is typical that eit
wsed a5 charge components for reduction furnaces. No s
of their masting treatment, wers found.
Preparation of iron semipraducts or iron objects in smithy hearth for next smithy
operation didn't change fiar centuries, Smithy slags, deseribed B this comribution,
hind the same structural features & the ones from La Téne or Roman times or & the
smes from caiminating Medieval many centuries later, The authors studied also
manufacturing méthads of Siav hlacksmiths, the results are published in other papers,
High skills of blacksmiths, very sophisticated and purpoaciul echnigues were

recognized.

her Fich hematife 760 ores oF Casy reducible bog ores ware
jderite fron ores oF products

Conclusions

The paper deals with slags from iron gmelting and working, found in excavaron
A same Slav seftlements in Spid and in Zvolen boasin in Slovakia. Chemical and
microscopic analysis of slags revealed:

1. It was impassible o recognize on the hasis of slag analysis. what types of iron
smelting furnaces were emploved at the sites. The furnaces, used in Spis sites, wers
probably slag tapped, fumaces in Central Slovakia site were slag tapped.

2 The fact, that the Lafter ones were tapped, was supported by slag structiure,

composed solely from silicate components.
1 Rich hematite iton ores were used as iron smelting charge in Spis sites, bog

iron are was used in site Sliat - Home Feme in Zvolen basin,

4. The finds from both regions contaimed a o1 of smithy slag picces. Standard
smithy technigue of iron semiproducts and iron whjects preparation in srithy hearth
prior to smithy manufaciuring techniques was found,
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Resume

The cuniributicn presests evalustion of slag Fmds fmm G Slee siles in Spig amil from
kaw sitc in Central Shvakia. The slags bith from imon smehing process m smsl neduction famaces
frum smithy presess of mun ohyjests masslnciuring wers analyveed. Prosdems il 3 lag imppang Frim;
Rirmice weere exieesively discussed An leas dmihing shags o Cenbanl 5ok e s 5Time-Homs
wore Inpped fom i fumnce. Anslyood sots of finds contained also pleces o hematite iron ore and bug
ihar were wsed in chonges e smiting fumsacss

Table k. Chemical analysis of slaga from sites in Spio., wi %

i ;
e

P |
K
__,'-.f-"‘ o

G /s

MM ENY ‘Irﬁ..-' [ T

Sample no.| 5i0), | Fe | Ca0 | AgO | ALO, | Mo Fel)
SN2 PIDE | 5696 | 1.68 .3 | 142 Lk .17
SMT 2058 | 4244 | 280 0.8 | (hdih by 3448
EN13A 1234 ) 5476 | 2.83 04 | o6l (1% 0156
BN 131 366 GOLEL [ 280 | 040 | 020 n;s7 141
ENZ1 2,30 ShA0 | L& LU |40 i) 44
SMNEA 2508 | 4RSR | 1.2 120 | 143 481 6014
SMED 1653 | 3732 §1.2 | 080 | 0% 326 LERN
aMEC 21.22 | 5026 | 4.44 040 ) 143 363 5992
ENIR 4.2 8250 | 1,92 i .20 4.24 1.0

SNEA B30 ) 8920 1224 |o40 (o0 | 155 | 4538
ANGH 1473 | 3020 | 280 (080 142 32 BLRE

Fig.2- Corrosion products, nemnants of charcoal
and silice sand In structure of slag SN2

Fig.3- Structure of furmace slag, sample SN 21
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Fig, 7-Struseqnrn of alag from [rom usshing,

gl Bkl — Horisd g

Fig He Serimduse of amithy mlig:

i sbihol T ho e atle Hllad — Honid zeinc

F.I'ﬂulHE_t and sorrnsion prodost ks simociure
ol sampde S04 =0

Flg 9-Piece of bog oz, ajte 5iink — Homé 2ine

Fig.6-8ructure of slag from iron smelling,
site Sliat — Homé zeme




