ZKOUMANI VYROBNICH OBJEKTU A TECHNOLOGI
ARCHEOLOGICKYMI METODAMI




ARCHEOLOGIA TECHNICA

29/2018 / ODBORNE RECENZOVANE PERIODIKUM

ZKOUMANI VYROBNICH OBJEKTU A TECHNOLOGI ARCHEOLOGICKYMI METODAMI
EXAMINATION OF PRODUCTION FACILITIES AND EQUIPMENT BY THE ARCHAEOLOGICAL METHODS

SESTAVIL / EDITED BY
Mgr. Ondfej Merta

L1
"

(W

W Wl W W

REDAKCNI PRIPRAVA ATISK / EDITORIAL COOPERATION, PRINT
Wgr Paviz Sthrova, Ba Lenka Macalova, Igor Rezac, Reprocentrum Blansko

rcheclogia Technica is systematically peer-reviewed publication
ezling with various topics related to ,examination of the production
cilities and technologies by the archaeological methods®, industrial

is to present and solve problems related to the archaeological research

of technical and technological equipment, documentation and preser-
vation of industrial heritage as well as the results of practical experiments
performed in reconstructions of old production facilities.

© TECHNICKE MUZEUM V BRNE, 2018
Technické muzeum v Brné / Purkyriova 105, 612 00 Brno
Tel.: 541 421 416 / www.tmbrno.cz

ISSN 1805-7241
ISBN 78-80-87896-66-2

Reprodukovani snimk{ a materialt uvefejnénych v této publikaci je mozné pouze se souhlasem vydavatele a jejich
vlastnikd, autorl a sprave.

Vydano s finan¢ni podporou Ministerstva kultury CR z programu Kulturni aktivity.



Archeologia technica

Archeologia technica je odbornym recenzovanym periodikem predklddajicim piispévky spojené se ,zkoumdnim vyrobnich objektt

a technologii archeologickymi metodami’, primyslovou archeologif i praktickymi experimenty. Rddi bychom poskytovali prostor

pro publikovdni a diskusi problematiky spjaté s archeologickymi vyzkumy technickych a technologickych zafizeni, dokumentaci

a zdchranou pramyslového dédictvi a seznamovdni s vysledky praktickych experimentui provddénych v rekonstrukcich starych vyrobnich zafizeni,
Kromé obsdhlejsich piispévkil jsou pijimdny téZ kratsf zprdvy o vybranych vyrobnich objektech, vyrobnich technologiich z nejriiznéjsich

¢asovych obdobi, ale i dalSich tematicky souvisejicich aktivitdch.

Aktudlni &islo Archeologia technica zaging textem Jifich Koty
a Hoska, Michala Vopalenského a lvany Kumpové pfedstavujicim
prizkum rané stfedovékého mete s napisem pravd&podobné
pochézejiciho z Levého Hradce. Chorvatsk4 kolegyné Tajana
Sekelj lvan¢an popisuje rozebrani experimentalni zelezafské pece
ve Staré huti u Adamova a podobnost pozorovanych jev(
s pecemi zkoumanymi v chorvatském Podravi. Do Zelezafské
a soucasné (a to zejména) hornické ¢asti pat¥i text Josefa Vecefi,
jeZ je moZno povaZovat za vyzvu a prvni krok k zevrubnému zpra-
covani popisu a clenéni hornickych Zelizek. A¢ se jedna o zésadni
artefakty zanechané starymi horniky, nebyla jim doposud (jako
i mnohym padobnym ,obyéejnym®, ale pro dany obor lidské ¢in-
nosti zcela zasadnim pfedmétdim) vénovana patfiéna pozornost,
Petr Holub ¢tenéfe seznamuje s dochovanou planovou doku-
mentaci brnénskych cihlafskych peci pochazejici z Archivu mésta
Brna. V pfispévcich s vapenickou tematikou se podivame do bliz-
kosti Zdéru nad Sazavou (Ales Hoch, Radim Gonda a Karel Maly)
a s Petrem Kosem do Janské doliny ve slovenskych Nizkych Tatrach.
Pyrotechnologicka zafizeni spojena se sladovnictvim, jejichz relikty
byly v Brné objeveny pfi archeologickych vyzkumech, popisuje

Antonin Zlbek. A obsah dopliuji zpravy o experimentalnich
tavbach v zelezaiskych pecich i peci vapenné v arealu Staré huti
u Adamova v kvétnu 2017.

Daldi informace pro autory jsou uvedeny na webu Technického
muzea v Brné www.tmbrno.cz. Doporucili bychom Vasi pozornosti
i stranky www.starahut.com, kde je moZné nalézt jak starii publi-
kace Archeologia technica ve formatu pdf, tak informace o akcich
pofadanych Technickym muzeem v Brné na poli starého zelezafstvi.
Av neposledni fadé web tohoto periodika i tradiéni stejnojmenné
odborné konference, jehoz adresa zni archeologiatechnica.cz.

Zbyvé smutna povinnost pfipomenout, Ze na samém pocatku roku
2018 nas v poZzehnaném véku 86 let opustil dal3i élovék nerozlu¢né
spjaty s Archeologii technicou - pan profesor Karel Stransky. Autor
mnoho ptednesenych i publikovanych pfispévka, pro néjz sice
byla archeometalurgie, staré dolovani a dalsi podobné zéleZitosti
jen malou &asti plného Zivota, ale i tak po sobé zanechal v nagem
oboru vyraznou stopu.

Jsem moc rdd, Ze jsem Jej mohl poznat.

Za redakéni radu Ondiej Merta
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THE DISMANTLING OF A SMELTING FURNACE
AFTER EXPERIMENTAL SMELTING
OF IRON ORE

Tajana Sekelj lvanéan

In 2017, members of the TransFER project team participated in the ninth workshop of techniques of smelting iron ore held in Stard hut

at Adamov near Brno in the Czech Republic. In the first part of the workshop, the focus was on education about all the stages of obtaining
iron from ore and on active participation in the entire process of smelting in the furnace. In the second part, on the initiative of members

of the TransFER project the smelting furnace in which the smelting experiments had previously been carried out was disassembled. In the
investigations, which simulated archeological excavation, the aim was to define and recognize all the layers of its construction and repairs,

and to compare the obtained results with situations at archaeological sites in Podravina, Croatia.

Key Words: experimental archaeology - smelting iron ore - dismantling a furnace

ROZEBRANIEXPERIMENTALNI ZELEZARSKE KUSOVE PECE

V roce 2017 se clenové tymu projektu TransFER zticastnili devdtého workshopu starého Zelezdistvi ve Staré huti u Adamova. Prvni édsti
workshopu byl zaméfen na pfedstaveni viech fdzi procesu ziskdvdni Zeleza z rud a na aktivni Géast na tavbé v Zelezdi'ské kusové peci.

Ve druhé &dsti byla z iniciativy ¢lend projektu TransFER pec, v niZ byly provddény experimentdini tavby, rozebrdna. Cllem aktivity simulujici
archeologicky vyzkum, bylo definovat a rozpoznat fdze stavby pece a jejich oprav a porovnat vysledky se situacemi ziskanymi

na archeologickych lokalitdch v Podraviné v Chorvatsku.

Kli¢ovd slova: experimentdini archeologie - tavba Zelezné rudy - rozebrdni pece

Asa part of the scientific research project TransFER - The Production
of Iron along the Drava River in the Roman and Medieval periods:
the Creation and Transfer of Knowledge, Technology, and Goods
(http://transfer.iarh.hr/index.php/ht/), members of the project team
(T.S.lvancan and . M. Hrovatin) participated in the ninth workshop
of techniques of smelting iron ore in May 2017 held at Stard hut
in Adamov near Brno in the Czech Republic (9. workshop starého
Zelezéfstvi / 9™ workshop of ancient ironmongery), organized by
the Technical Museum in Brno (Technické muzeum v Brné). In the
first part of the workshop the focus was on education and active
participation of team members in the entire process of smelting in
afree-standing bloomery furnace. The objective was better under-
standing of aspects in the production of iron and the most precise
possible interpretation of finds excavated to the present related
to the smelting of iron ore in various archaeological periods in the

Podravina (Croatian Drava River basin) region (Sekelj lvanéan 2010;
2014), the subject of the TransFER project.

As the workshop has been held for several years at the same place,
it was found that the smelting furnaces utilized in earlier years needed
repairs. Throughout the years, the furnaces were not under any
protective covering and were directly exposed to various atmospheric
influences. These were two types of smelting furnaces, on one side
four of them in a row, located so that they were dug into the slope
of a nearby hill, and on the other side one free-standing furnace. The
four furnaces in a row were the same type, the so-called Hungarian
furnace of the 10* and 11* centuries, with an opening for a “door”
on the front (type 4 according to Géméri 2000: 242, kép. 157: 4),
while the second type of furnace was a free-standing surface, also
with an opening in the front (type 2 according to Géméri 2000: 242,
kép. 157: 2). During the experimental smelting in four furnaces several

' The TransFER project is financed by the Croatian Science Foundation, and is carried out by the Institute of Archaeology in Zagreb, Republic of Croatia.
* Editor's note: The model of the experimental furnaces is one of the types of bloomery furnaces used in the Moravian Karst area. According
to R. Pleiner, it is an embanked furnace with thin front wall and workshops in which this type was found in the Moravian Karst are dated to the 9th century.



1 ZKOUMANI VYROBNICH OBJEKTU A TECHNOLOGII ARCHEOLOGICKYMI METODAMI

different types of iron ore were utilized (magnetite, siderite, goethite),
and the conclusion from all the performed was that the best result
was acquired in the furnaces where the ore Goethite was utilized, from
nearby Olomucany in the Blansko region (Czech Republic).

Special attention was paid to the smelting process that took place
in the free standing furnace, because it was the closest in form
to the archaeologically excavated furnaces in Podravina. During
two days, several smelting processes were carried out in the free
standing furnace, and goethite/limonite ore from Olomuéany was
placed in the furnace. At the very end of the second procedure
during smelting, the temperature of the outer walls of the furnace
was measured,? as well as the upper opening of the funnel-shaped
part of the furnace, by the door, and in the interior of the hearth
after opening the door, as well as the temperature of the molten
slag after discharge from the hearth itself.

The'last smelting was carried out in the free standing furnace
after additional repairs to the hearth and walls of the furnace that
cracked during earlier procedures, First, the furnace itself and the
surrounding area were cleaned well and photographed. The cracks
in the funnel-shaped walls were filled with clay-rich brown soil mixed
with water that proved to be the best mixture for filling the exterior
cracks created during earlier firings. As the furnace was already
considerably damaged, it was necessary to additionally coat it in
the lower section of the shaft where the greatest temperature is
achieved. This coating extended approximately to halfway up the
funnel-shaped walls, while in the upper section the same mixture
was used to fill all the earlier cracks on the surface of the furnace,
which was considered sufficient as in the upper funnel-shaped
sections the hearth does not reach such high temperatures. After
that, a fire was lit at the bottom of the hearth so that the added
coating of the lower part of the shaft would dry well, followed
by drying of the furnace opening as well as the upper part of the
walls. After some time, when the coating of the opening had dried
sufficiently, the opening, the so-called “door” of the furnace with
the nozzle/tuyere in the center, was filled in with clay. Filling the
furnace followed, first only with charcoal, and then with a mixture
of coal and iron ore in a proportion of half a kilogram of coal and
three-quarters of a kilogram of ore, in total 10 kg of ore and 7 kg of
charcoal. Before and during opening of the furnace, the temperature
was measured in several places, through the nozzle/tuyere in the
still closed hearth, measuring around 1300° C; through the opening
after removal of the “door’, measuring around 1100° C; while the slag
that was tapped through the drain hole had a temperature of 800°C.
The result of the process was a bloom weighing ca. 2 kg and 150 g.
As the free standing furnace was fired several times and repaired
each time, as well as the fact that it was constructed at a site where
in previous years some other furnace had been built, on the initia-
tive of members of the TransFER project, a process of disassem bling
the furnace used for smelting was undertaken. The main objec-
tive was the definition and recognition of all the strata of its con-

struction and repairs, and the comparison of the results obtained
with those from situations at archaeological sites in Podravina.
The investigation was undertaken through gradual demolition
of the furnace and documentation of all layers and procedures.
Stones and brick served as the foundation for the dismantled furnace,
irregularly placed and leveled with yellow clay (-2). This foundation
lay on a stratum of reddish clay (-3). These remains are part of the
activities that were carried out at the workshop over the course of
earlier years. This same spot in fact was used from 2003 for various
procedures related to the preparation or smelting of ore, but also for
some other different types of furnaces. The position of the dismantled
free standing smelting furnace was occupied from 2007 to 2010 by
a brick bread oven, whose remains can in fact be recognized in the
re-laid brick and stone leveled with yellow clay.? The occasional
preserved stone, particularly those in front and below the entrance
to the dismantled furnace, can be related to earlier smelting furnaces
that had arectangular hearth in the lower section and that were built
here in 2003, 2004, and most probably also in 2006.

During construction of the baking oven, the earlier formed rectangular
hearth was filled and blocked with larger stones and this served as
a compact foundation for the future baking oven. On this first noted
stratum that could be related to the construction of the bread oven
(2) lay a layer of loose earth, dark gray to black, mixed with baked
powder (-1). This dark grey - black layer extended along the entire
surface where the baking oven was set, and it can be connected to
its dismantling after 2010 and the cleaning and preparation of this
area for some other structure. On the layer of loose mixed soil (-1)
lay a layer of clay that had an organic (?) admixture (0). This fired clay
with organic additions, representing the remains of some old oven/
fumace, extended in only one smaller section, from the large stone
to the middle of the hearth. According to the vertical stratigraphy, the
fired walls of the oven into which organic (?) material was incorporated
should have been built later that the period of the existence and
removal of the bread oven, meaning that layer 0 could be connected
at the earliest to the furnace built in 2011, That smaller furnace,
in whose walls it was possible to recognize certain additions, lacked
a door and simulated a La Téne smelting furnace.

Activities from 2013 were not identified, while for 2014, it seems
that there was nothing at that position. The original fired furnace
walls found at the site in 2017 (1) were of a compact pale clay with
some sand. Around the middle of the furnace hearth, within the
thick walls, was the exceptionally strongly fired bowl-shaped base
of the hearth, the so-called “bowl” (1.1), which lay on greyish highly
fired soil (1.2). As the exterior surface of the furnace walls descends
ataslant in one part towards the stone, it seems that these remains
can be related to the furnace with an anthropomorphic figure built
in 2016, when on the exterior surface an oblique wall made of sim-
ilar material as the entire furnace was placed in contact with the
walking surface. However, the walls of the furnace themselves (1)
can be connected to the furnace built in 2015, which according to

* Somewhat higher temperatures than 538°C and 780°C were measured at the cracks in the walls of the furnace.

* Fordata and photographs, | would like to thank the organizer of the workshop, Ondfej Merta, MA, from the Technical Museum in Brno (Technické
muzeum v Brné). The photographs are from 1995, and from 2003 to 2017. Photographs: Martin Barak. | am also grateful for access to the photographs
sent by Jan Lokaji¢ek, a smith who is a multiyear active participant in the workshops.
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the noted strata cannot be established with certainty. Above all of
this, in the interior of the hearth, a clay coating of the furnace was
noted (3), i.e. the last repair. One more repair was visible on the
exterior of furnace (2). This furnace was built on the original fired
wall (1) noted upon arrival in the field in 2017, and in it during the
first two days of the workshop, several experimental smeltings
were carried out before the last repair and final smelting, followed
by the dismantling of the furnace.

In the investigations that simulated archaeological excavations,
the original furnace found upon arrival could be recognized (1).
It was repaired into a so-called bloom furnace (2) in which two
smelting processes were carried out (1.1). After that, the walls
of the furnace were again repaired (3), or rather a new layer of
fired clay was noted in the interior of the hearth, a layer that
cove\red the so-called "bowl|” formed in the earlier smelting
(orsmeltings). The layers below the dismantled furnace (0,-1,-2,-3)
represent earlier activities that can only be hypothesized as
related to individual furnaces, but it seems that the foundation
built for the bread oven could be clearly recognized, and it is
possible that at some point this site also served for certain other
activities, such as roasting ore.

CONCLUSION

The objective of participation of members of the TransFER project
team in the workshop for smelting iron ore in the Czech Republic,
in addition to education and active experience of smelting iron ore
in furnaces, was also the comparison of the varied results acquired.
This included the measurement of temperatures in the interior of
the smelting furnaces during two different smelting processes.
While opening the “door” immediately prior to removal of the
sponge-like iron (bloom), the temperature of the second smelting
in two measurements was around 1100°C (first measurement:
1100°C; second measurement: 1125°C), as at the same spot in the
third smelting: 1100°C. The molten slag, that discharged from the
hearth at the moment the furnace was opened, had a temperature
of 926°C next to the opening, and 870°C somewhat further along
the channel, while the temperature of the molten slag in the third
smelting, further along the channel, was 800°C. The comparison
of the temperatures indicates approximately similar values while
in the third smelting, the temperature was measured through the
nozzle/tuyere, where it was ca. 1300°C. Although measurements
are lacking for the closed inner part of the hearth of the furnace

Fig. 1: Earlier built elements at the site of the free standing bloomery furnace: a) furnaces with a rectangular hearth from 2006; b) construction of
the baking oven; c) baking oven (-2); d) construction of the so-called La Téne furnace in 2011(0); e) smelting in the furnace built in 2015
and the latter’s appearance after several months (f} (Archives of the Technical Museum in Brno)
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in the second firing, it seems that temperature was the same or
somewhat more. During dismantling of the free standing furnace,
below the last layer of repairs (3) a highly fired bowl-shaped base
to the hearth of the furnace was noted, the so-called “bowl” (1.1).
The “bowl” was certainly the result of smelting in repaired furnace
(2), as it was a composite part of the walls. This element on the one
hand might indicate high temperatures achieved in the hearth
of the repaired furnace, because of which the base in which the
blazing spongy iron “swam” was strongly fired, On the other hand,
it is possible that this was the result of the very process of smelting,
or rather the process of smelting in a closed furnace after placement
of the mixture of ore and coal could have been prolonged, and
could even have reached approximately the same temperature but
with firing continuing throughout a longer period of time, because
of which the base could also have become fired. At the base of the
hearth of the last repair (3), there were no such elements, as in that
case the entire process of smelting was speeded up, and either
asufficiently high temperature was not achieved or the smelting itself
did n9t last long enough for the base to be fired. It should be noted
thatin the last smelting 1300°C was measured inside the hearth, while
there was no “bowl”, meaning that if we go for the first possibility, the

temperature in the repaired furnace should be greater than the latter.
If we choose the other hypothesis, it should be emphasized that the
process itself in the last smelting was shortened, and as a result the
product was a spongy iron still containing considerable slag, which
could not be shaped subsequently. Although both possibilities remain
open as to how the “bowl” could have been created, what further
supplements our knowledgeis that identical fired bowl-shaped bases,
the so-called “bowls”, were also found at archaeological sites in the
Podravina region, at Volarski breg in Virje and Velike Hlebine in Hlebine
(Sekelj lvancan 2009: 66-67; Sekelj lvancan, Valent 2017: 74-75).

And even the layout discovered after the dismantling of the remains
of the freestanding furnace and cleaning of the excavated surface
displayed certain similarities to the furnaces in the Podravina region.
The most noticeable was the fired earth in a width of ca. 20 to 25
cm that extended around the exterior surface of the furnace hearth.
In addition, a surface with a distinctly black color was noted, which
extended ina width of up to 40 cm around the fired earth on the rear
side of the furnace, which would be related to the place from which
charcoal was placed in the furnace. An almost identical situation was
noted at the archaeologically excavated smelting furnaces at both
sites in the Podravina district cited above.

Fig. 2: Free-standing smelting furnaces: a) furnace with an anthropomorphic figure built in 2016 (Archives of the Technical Museum in Brno);
b) the walls of the furnace as found in 2017 (1); c) repairs to the above furnace; d) renovated furnace (2); e) last repairs with

a visible new layer of clay on the base of the hearth (3); f) cross-section of the dismantled smelting furnace with visible layers (1, 2, 3); g)

plan of the base of the hearth with visible layers (1, 2, 3) (b-g: photo: T. Sekelj Ivan¢an)
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Participation in the workshop at Adamov offered excellent results
in the framework of the scientific research TransFER project, both
in the sense of education as well as active smelting in a free-standing
pit-type furnace. Very good results were also obtained in simulation
of archaeological excavations performed at the free standing
furnace after completion of the entire process of smelting. All these
activities considerably contributed to the better understanding of
the procedures related to the processing of iron ore in general, and
particularly the results obtained during dismantling of the utilized
furnace as related to the archaeological sites in the Podravina region.

Translation: Barbara Smith Demo
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Fig. 3: Measured temperatures of the exterior side of the walls of the furnace during experimental smelting
(photo and measurements: T. Sekelj lvancan; prepared for press: K. Turkalj)
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3 zadnji popravak (zona unutradnjeg plasta loZista peti) 0 sloj stijenke neke stare peci (glina + organski materijal)

2 prvi popravak (zona vanjskog pladta tzv. floralne peci) -1 rahla mijeSana zemlja
1 orginalna pe¢ zatecena na terenu (svijetla glina mije$ana s pijeskom) =2 Zuta zemlja
1.1 zapeteno dno peci (tzv. "zdjelica”) =3 crvena zemlja

1.2 sivkasta jote zapetena zemlja

Fig. 4: Sketch of the cross-section of the laters of the free standing smelting furnaces during dismantling (drawing: I. M. Hrovatin; prepared
for press: K. Turkalj)

3 - last repair (zone of the inner surface of the hearth of the furnace)
2 - first repair (zone of the exterior surface of the renovated furnace)
1 - original furnace found upon arrival (pale clay mixed with sand)
1.1. - highly fired base of the furnace (so-called “bowl")
1.2. - greyish highly fired earth

0 - layer of walls from some earlier furnace (clay + organic material)
-1 - loose mixed soil

-2 - yellow soil
-3 -red clay

Fig. 5: Strata observed during dismantling of the stand-alone smelting furnace (photo: T. Sekelj Ivancan)
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Fig. 7: The site of Virje-Volarski breg: hearth of smelting furnace 5J 008, with a highly fired base

in the center at the bottom, the so-called “bow!”, with a semicircular black layer beyond the exterior
surface of the furnace (photo: T. Sekelj Ivanéan)

2R R (5 N TR |
Fig. 8: The site of Virje-Volarski breg: remains of smelting furnace SJ 056 with a visible highly fired
bowl-shaped base, the so-called “bowl!” in the center of the hearth (photo T. Sekelj Ivanéan)




