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Editorial

This issue of Archeologické rozhledy is devoted to the study of early ironworking and
brings you some of many papers presented at the highly successful international conference
Iron in Archaeology: Bloomery Smelters and Blacksmiths in Europe and Beyond which
was held in Prague in 2017 and was organized in honour of Professor Radomir Pleiner.

The date of the conference was not chosen at random, but because 2017 was the 50 anni-
versary year of the Comité Pour la Sidérurgie Ancienne (CPSA). Founded by Radomir
Pleiner in 1966 and active since 1967, the CPSA represents the oldest and one of the most
important platforms for bringing together specialists in research on early ironworking.
The greatest credit for this goes to Pleiner who was the secretary of the CPSA for nearly
40 years. During this time he was also the editor of the CPSA Communications, published
twice yearly in Archeologické rozhledy until 2002. The Communications, totalling 67 issues,
contain reports on conferences, excavations, scientific work and other research, and, above
all, abstracts of publications. Thus, in the pre-internet era, the Communications were a cru-
cial source of information in the field of the archacometallugy of iron. The CPSA was also
involved in twenty-one conferences which were organised under its auspices. The first such
conference was held at Schaffhausen in 1970 and the last one at Uppsala in 2001. In 2002,
a flood badly affected the Institute of Archaeology in Prague and completely destroyed the
CPSA archive kept in Pleiner’s basement office. This resulted in the activity of the CPSA
being interrupted for some time. Pleiner continued to hold the post of secretary until 2004,
when Janet Lang became the new secretary. Despite her enormous effort the CPSA activity
declined, mainly because of the changes in the method of retrieving information due to
the development of the internet. In 2015, the CPSA was revived in a new format through
the pages of Academia.edu (https://independent.academia.edu/CPSA) which serve both as
an archive of CPSA activity and publications and as a single location where scholars of ear-
ly ironworking and their papers can be found. The CPSA also aims to revive the tradition
of scientific conferences focussed on the issue of early ironworking, starting with the 2017
Prague conference, which was held 30 years after Pleiner himself organized the CPSA
conference at Liblice near Prague. The next conference will be in Fribourg in 2021, organ-
ised by Vincent Serneels, who is now the President of the CPSA.

Although the papers published in this issue represent only a small sample of the con-
tributions to the Prague conference, they provide new information for improving our know-
ledge both of the history of early ironworking and of the developments in its study and
they bring a new impetus for further scientific discussion. We sincerely hope that you will
find these articles interesting and useful, and we should like to thank all the authors who
prepared their papers for this issue, as well as all the anonymous peer-reviewers whose
work contributed to its realisation.

Jifi HoSek and Peter Crew
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Editorial

Tento svazek Archeologickych rozhledd je vénovéan studiu divné vyroby a zpracovani Ze-
leza. Pfinasi vybér z mnoha piispévkl prezentovanych na mezinarodni konferenci IRON
IN ARCHAEOLOGY: BLOOMERY SMELTERS AND BLACKSMITHS IN EUROPE
AND BEYOND, ktera probéhla v Praze roku 2017 k pocté profesora Radomira Pleinera.

Datum usporadani konference nebylo zvoleno ndhodné: na rok 2017 pripadlo padesati-
leté vyroci Comité Pour la Sidérurgie Ancienne (CPSA). Tento komitét, zaloZeny Rado-
mirem Pleinerem roku 1966 a aktivni od roku 1967, predstavuje nejstarsi a zarover jednu
z nejvyznamnéjsich platforem sdruzujicich specialisty na vyzkum davného Zelezarstvi.
Nejvétsi zasluhu na tom ma samotny Pleiner, ktery byl sekretafem CPSA témér Ctyfticet let.
Béhem té doby byl rovnéz editorem CPSA Communications, publikovanych dvakrat rocné
v Archeologickych rozhledech az do roku 2002. Communications, celkové ¢itajici 67 vy-
dani, obsahuji zpravy o konferencich, archeologickych vyzkumech, védecké praci i dal§sim
badani, a predevsim abstrakty publikaci. Ve své dob¢ tak Communications predstavovaly
na poli archeometalurgie Zeleza zcela zasadni zdroj informaci. CPSA je rovnéZ spjato
s 21 konferencemi, které byly organizovany pod jeho zastitou. Prvni probéhla roku 1970
v Schafthausenu, posledni pak v roce 2001 v Uppsale. V roce 2002 byl Archeologicky tistav
v Praze té€Zce zasaZen povodni, kterd zcela znicila archiv CPSA nachazejici se v Pleinerové
tare do roku 2004, kdy ho vystfidala Janet Lang. Navzdory jejimu enormnimu dsili akti-
vity CPSA postupné ustaly, a to zejména v souvislosti se zménami v metodach ziskavani
informaci, je souvisely s rozvojem internetu. Cinnost CPSA byla obnovena v roce 2015
pres webové stranky Academia.edu (https://independent.academia.edu/CPSA), které slou-
Z{ jako archiv jejich aktivit a publikaci, i jako misto, kde 1ze dohledat badatele pracujici
na poli ddvného Zelezar'stvi a jejich prace. CPSA rovnéZ usiluje o obnoveni tradice védec-
kych konferenci zaméfenych na problematiku davného Zelezarstvi, a to po¢inaje prazskou
konferenci, jeZ probéhla tficet let poté, co sim Pleiner zorganizoval obdobnou konferenci
v Liblici u Prahy. Dals{ konference bude usporadana ve Fribourgu roku 2021 Vincentem
Sernleelsem, soucasnym prezidentem CPSA.

Clanky z tohoto svazku AR predstavuji zdroj novych informaci prohlubujicich znalosti
dé&jin davného Zelezar'stvi i vyvoje jeho studia a pfinaseji nové podnéty v odborné diskusi.
Zavérem bychom radi podékovali jak autorim, tak recenzentiim, jejichZ prace prispéla
k realizaci tohoto svazku.

Jirf Hosek a Peter Crew
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Doubting radiocarbon dating from in-slag charcoal:
five thousand years of iron production
at Wetzlar-Dalheim?

Pochybné radiokarbonové datovani z dfevéného uhli uvizlého
ve strusce: pét tisic let Zelezatské vyroby ve Wetzlar-Dalheim?

Guntram Gassmann - Andreas Schiafer

A Roman-Period bloomery smelting site had been excavated in the Lahn valley at Wetzlar-Dalheim in central
Germany during 2006-2012. The production unit consisted of a big rectangular workshop pit with 13 slag
pit-furnaces, two waste dumps and a small sunken hut. The stratigraphical sequence, along with abundant
pottery and small finds, allows the dating of short-lived smelting activity to a time slot around the third quar-
ter of the first century AD. As a first series of radiocarbon measurements from in-slag charcoal samples
resulted in a bewildering date range from the Iron Age right back into the Neolithic, a second dating series
has been undertaken. This time exclusively charcoal samples taken from the bottom of the furnace pits have
been analysed. The resulting dates fit to the archaeologically derived dating. It is clear that the **C content
of the in-slag charcoal samples must have been altered already during the process in antiquity. With none
of the analysed dates younger than the archaeologically fixed date of the bloomery production unit, it is
obvious that a contamination with fossil carbon must have taken place. The wide and inconsistent date
range suggests that fossil carbon has entered the metallurgical system within the furnace in an uncontroll-
able manner. The observed phenomenon has wide implications for other metallurgical sites with high
temperature processes under strongly reducing conditions. Charcoal samples from such sites, especially
from inside slags, might be contaminated to an unpredictable degree and produce seemingly older dates.
A first review of previously published data series calls for a reconsideration of the reliability of radiocar-
bon dates from metallurgical slags.

radiocarbon dating — methodology — charcoal samples — slag — fossil carbon

V pribéhu let 2006 aZ 2012 byla v iidoli Feky Lahn ve Wetzlar-Dalheimu ve strednim Némecku odkryta
lokalita s doklady vyroby Zeleza z doby rimské. Vyrobni jednotka sestdvala z velké dilenské jamy obdélniko-
vého piidorysu se trindcti pecemi se zahloubenou nistéji, dvéma odpadnimi haldami a malou polozemnici.
Stratigrafickd posloupnost spolu s hojné pritomnou keramikou a drobnymi ndlezy umozriuji datovat krat-
kodobou vyrobni ¢innosti do zhruba 3. ctvrtiny 1. stol. n. l. JelikoZ prvni série radiokarbonovych mérent
provedend na kouscich drevéného uhli, které uvizlo ve strusce, vymezila ohromujict casovy tisek od doby
Zelezné aZ po neolit, byla provedena druhd datovaci série. Tentokrdt byly analyzovany vylucné vzorky dre-
véného uhli, které byly odebrdny z nistéji peci. Vysledné datovani vykazovalo shodu s datovdnim archeolo-
gickym. Vzhledem k tomu, Ze kontaminaci po exkavaci miizeme vyloucit, je zrejmé, Ze obsah ™*C ve vzorcich
drevéného uhli musel byt zménén uZ pri vyrobnim procesu v priitbéhu starovéku. Siroky a nekonzistentni
Casovy interval naznacuje, Ze fosilni uhlik vstupuje do metalurgického systému v peci nekontrolované.
Pozorovany fenomén md velky dopad na dalsi lokality s doklady metalurgickych aktivit, pri kterych vysoko-
teplotni procesy probihaly za silné redukcnich podminek. Vzorky drevéného uhli z takovych lokalit, zejmé-
na pak uhlikii ze strusek, mohou byt kontaminovdny nepredvidatelnym zpiisobem a zapricinit zddanlivé starsi
datovani. Prvni prezkoumdni drive publikovanych datovych rad vyzyvd k prehodnocent spolehlivosti iidajii
z radiokarbonového datovdni metalurgickych strusek.

radiokarbonové datovani — metodika — vzorky uhlikd — struska — fosilni uhlik
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Fig. 1. Important sites and regions of early iron production in Central and Eastern Europe with those
mentioned in the text highlighted in red (adapted from Schdfer 2009, 218 fig. 128).

Obr. 1. Lokality a oblasti vyznamné pro poznani ¢asného Zelezafstvi ve stfedni a vychodni Evropé&; mista
zmiflovand v textu vyznacena Cervené (podle Schéfer 2009, Abb. 128).

1. The setting

During the years 20062012 a bloomery smelting site of the early Roman Period had been
excavated in the Lahn valley in Hesse, central Germany (fig. 1; Schdfer 2014; cf. Gassmann —
Schdfer 2014, maps B and C with further references). The production unit at Wetzlar-Dal-
heim, Lahn-Dill-District, site C86 ‘Unterbodenfeld’ had survived well preserved in the
infill of a natural gully and could be uncovered completely using single find recording.
It consisted of 13 slag-pit furnaces with free-standing shafts typical of the Roman Period
(Pleiner 2000, 152), two waste dumps and a small sunken hut (fig. 2). The iron smelting
furnaces were situated alongside the walls in a large rectangular workshop pit, with two
ground plans overlapping each other. The furnaces would have been used up to a dozen
times each, as dislocated slag blocks and evidence of structural repairs at the furnace bases
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Late La Tene Period

D Early Roman Period

Early Roman Period
Metallurgical Features

. Iron Ore Concentrations

Fig. 2. Wetzlar-Dalheim, Lahn-Dill-District, Germany, Site C86 ‘Unterbodenfeld’. Schematic site plan with
chronological phases (graphics A. Schéfer and B. Schroth).

Obr. 2. Wetzlar-Dalheim, zemsky okres Lahn-Dill, Némecko, lokalita C86 ,Unterbodenfeld”. Schematicky
plan lokality s chronologickymi fazemi.
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Fig. 3. Wetzlar-Dalheim C86, Lahn-Dill-District, Germany. Spatial distribution of slag blocks and their frag-
ments (> 1kg). The mass of small slag fragments (n =8900) is plotted underneath. Most of the slag blocks
had been left inside the workshop pit (hatched). Only smaller pieces and fragments were deposited on the
dump orin the gully (no details available yet for sections Kand L). Graphics in figs. 3, 6-8 and 11 A. Schéfer.
Obr. 3. Wetzlar-Dalheim C86, zemsky okres Lahn-Dill, Némecko. Prostorova distribuce struskovych blokd
a jejich fragmentd (> 1kg). MnoZstvi malych fragmentd strusky (n =8900) je vyneseno ve spodngjsi vrstvé.
Vétsina struskovych blokd zlistala uvnitf dilenské jamy (vySrafovano). Pouze mensi kusy a fragmenty byly
odklddény na haldu nebo do strouhy (detaily pro Gseky K a L zatim nejsou k dispozici).
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Lab. No. |Find No. Material C°“(‘;er“;irj’)“(ai' ‘]"g)age De('f,zsﬁ Ca"(lzga;t:g /cggn(dza;)age
ETH-35454| 490 | organics, charcoal? | no carbon for dating
ETH-35455| 2205 | organics, charcoal? | no carbon for dating
ETH-35456 | 2211 | organics, charcoal? 2825 + 50 -34.1+£1.3| 1130BC (95.4%) 840BC
ETH-35457 | 89 | organics, charcoal? 2010+ 45 21.0+13 Eggg f;‘f:%ggﬁg
ETH-35458 | 3831 | organics, charcoal? 2015+ 45 -21.8+1.3| 170BC (95.4%) 80AD
ETH-35459 | 4241 | organics, charcoal? 2045 + 45 -21.7 £1.3| 180BC (95.4%) 60AD
ETH-35460| 4421 | organics, charcoal? 1990 + 45 -26.3+1.1| 110BC (95.4%) 130AD
ETH-35461 | 3681 | organics, charcoal? 3055+ 45 -20.8 £ 1.2 | 1430BC (95.4%) 1190BC
ETH-35462 | 4215 | organics, charcoal? 3065 + 45 -21.5+ 1.2 | 1440BC (95.4%) 1210BC
ETH-35463 | 6588 | organics, charcoal? 2175+ 45 -17.8 £ 1.2 | 380BC (95.4%) 100BC
ETH-35464 | 6616 | organics, charcoal? 2040 £ 45 -24.9£1.1| 180BC (95.4%) 60AD
ETH-35465 | A0982 | organics, charcoal? 4695+ 70 -34.3 +1.5| 3640BC (95.4%) 3350BC
ETH-35466 | 7865 | organics, charcoal? | no carbon for dating
ETH-35467 | 6469 | organics, charcoal? 3110 £ 50 -28.7 £ 1.1 | 1500BC (95.4%) 1260BC
760BC (16.7%) 680BC
ETH-35468 | 6472 | organics, charcoal? 2410 £ 45 -221+1.2| 670BC (6.5%) 610BC
600BC (72.2%) 390BC
ETH-35469 | 6949 | organics, charcoal? 2275 + 45 293x11| J108¢ ((2(5)?523 Ja08e
ETH-35470 | 7093 | organics, charcoal? | no carbon for dating
ETH-35471| 7118 | organics, charcoal? | no carbon for dating
ETH-35472| 7119 | organics, charcoal? 2120 £ 45 -24.8+£1.1 3264(())BBCC((1832..21£?/3)22%OBB(§:
ETH-35473 | 7163 | organics, charcoal? | no carbon for dating
ETH-35474 | A0582 | organics, charcoal? 2320+ 45 -26.8+1.1 Sﬁggg g;:?‘;’//s)) 23385((::
ETH-35475 | A0592 | organics, charcoal? 2715+ 55 -31.5+1.5| 1000BC (95.4%) 790BC

Tab. 1. Wetzlar-Dalheim C86, Lahn-Dill-District, Germany. First set of radiocarbon measurements, taken in
2008, mostly from in-slag charcoal samples (cf. fig. 6). Calibration with Oxcal Version 3.10 (data provided
by ETH Zurich [l. Hajdas, G. Bonani]).

Tab. 1. Wetzlar-Dalheim C86, zemsky okres Lahn-Dill, Némecko. Prvni série radiokarbonovych méfeni,
kterd byla provedena v roce 2008 povétsinou na vzorcich dievéného uhli uvizlého ve strusce (srov. obr. 6).
Kalibrovdano programem OxCal Verze 3.10 (Data poskytl ETH Zurich [I. Hajdas, G. Bonani]).

indicate. The metallurgical debris from the site amounts to about 2.8 tons of bloomery
slag together with vitrified furnace wall, tuyere fragments and iron ores. Most of the about
120-150 slag blocks of 8-38 kg in weight had been left in the workshop right next to the
furnaces. Only a comparatively small number had made their way to the adjacent dumps
or the infill of the gully (fig. 3).

Judging from the small number of furnaces and the comparatively modest amount of
metallurgical waste, the smelting activities could hardly have been going on for more than
a few seasons, if not just one or two. Abundant pottery and small finds, including a fair
number of Roman imports, date the production unit at Wetzlar-Dalheim quite precisely to
a short time slot in the second half of the first century AD (Schdfer 2010, 77-81). Thus,
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Fig. 4. Wetzlar-Dalheim
C86, Lahn-Dill-District,
Germany. Furnace 6 (fea-
tures 10052/53) cutting
through pebble reinforce-
ment (feature 10042) of
Iron Age trackway. Photo-
graph B. Schroth.

Obr. 4. Wetzlar-Dalheim
C86, zemsky okres Lahn-
-Dill, Némecko. Pec 6
(objekty 10052/53) proti-
najici oblazky zpevnénou
stezku (objekt 10042)
z doby Zelezné.

from the archaeological point of view the metallurgical complex at site C86 at Wetzlar-
Dalheim with its workshop pit and the two waste dumps clearly marks one contemporane-
ous assemblage. Taphonomic analysis is indicative of a systematic abandonment of the site.
After shutting down the last furnaces in the northwest corner of the workshop, the remain-
ing structure was refilled with cultural debris of the nearby settlement.

The workshop was found in superposition to a preceding late Iron Age trackway that
had made use of the natural gully. The small road or path, linking the nearby Lahn River
to a settlement further up the hill, was flanked by large storage pits on either side. Tracks
of cart wheels and some reinforcement with gravel and pebbles could be identified over
a distance of more than 20 metres in the loess subsoil. In a clear stratigraphical sequence,
the Roman Period slag pits cut into the Iron Age trackway underneath (fig. 4).

2. The radiocarbon dates

A first series of radiocarbon dates was analysed in 2008 with the excavation still in an
early stage (fabs. I and 2). The charcoal samples were directly extracted from the inside
of broken up or cut up slag blocks to make sure to date the production process itself. Apart
from these in-slag samples some ‘normal’ charcoal samples were also analysed from the
adjacent sunken hut and a Bronze Age storage pit.

Figures 5-6 show some of the analysed slag blocks and display the very astonishing
results of this first series of AMS-radiocarbon measurements.' Taking only the six dates
from slag blocks that derive directly from inside the early Roman workshop pit, the date
range of the analyses reaches from the later Neolithic (A0982), through the Bronze Age

! Thanks are due to L. Hajdas and G. Bonani (ETH Zurich) for the radiocarbon measurements (cf. Hajdas
et al. 2004) and for some helpful comments on an earlier draft. Some of the in-slag charcoal samples from
this data set seem to have been quite low in carbon content (I. Hajdas, ETH Zurich, pers. comm.), other
samples handed in did not contain any carbon for dating (cf. tab. I). Due to sample size the tree species
could not be established.



AMS “C HEKAL Sample name furnace / charcoal | Carbon yield | Conventional “C age | Calibrated calendar age
Lab Code Sample Nr. (sample material dated) layer pl. = planum (%) (yr BP) (£ 10) (cal AD/BC) (20)
DeA-10950 1/1446/8L C86-A1726 (Charcoal-Fagus) 22.35 1910 + 22 control measurement
DeA-10966 1/1446/8H C86-A1726 (Charcoal-Fagus) furnace 01, pl. 06 27.48 1968 + 23 cal BC37 —cal AD 77
DeA-10951 1/1446/9L C86-B2571 (Charcoal-Quercus) 24.88 2008 + 23 control measurement
DeA-10952 1/1446/9H C86-B2571 (Charcoal-Quercus) | furnace 03, pl. 10-11 31.24 2026 + 23 cal BC 94 — cal AD 49
DeA-10953 1/1446/10L C86-B2572 (Charcoal-Quercus) 25.80 1983 + 23 control measurement
DeA-10954 1/1446/10H C86-B2572 (Charcoal-Quercus) | furnace 03, pl. 10-11 29.66 1974 + 24 cal BC39 —cal AD 73
DeA-10955 1/1446/11L C86-B2570 (Charcoal-Fagus) 25.81 1946 + 23 control measurement
DeA-10956 1/1446/11H C86-B2570 (Charcoal-Fagus) furnace 04, pl. 10-11 30.55 1967 + 23 cal BC37 —cal AD 78
DeA-10957 1/1446/12L C86-B2621 (Charcoal-Fagus) 23.09 1921+ 23 control measurement
DeA-10958 1/1446/12H C86-B2621 (Charcoal-Fagus) furnace 04, pl. 11-12 30.97 1910 £ 23 cal AD 28 — cal AD 133
DeA-10959 1/1446/13L C86-B2939 (Charcoal-Quercus) 1966 + 23 control measurement
DeA-10960 1/1446/13H (C86-B2939 (Charcoal-Quercus) | furnace 05, pl. 11-12 27.50 2031 +23 cal BC 105 — cal AD 47
DeA-10961 1/1446/14L C86-B2968 (Charcoal-Quercus) 25.39 2013 + 23 control measurement
DeA-10962 1/1446/14H C86-B2968 (Charcoal-Quercus) | furnace 05, pl. 11-12 31.72 1981 + 23 cal BC 39 —cal AD 66
DeA-10963 1/1446/15L C86-B3845 (Charcoal-Quercus) 24.96 2049 + 23 control measurement
DeA-10964 1/1446/15H C86-B3845 (Charcoal-Quercus) | furnace 07, pl. 09-10 30.00 1989 + 23 cal BC 42 — cal AD 60
DeA-10978 1/1446/16L C86-B3716 (Charcoal-Quercus) 27.43 1971 +£ 25 control measurement
DeA-10979 1/1446/16H C86-B3716 (Charcoal-Quercus) | furnace 09, pl. 08-09 27.05 1974 £ 25 cal BC39 —cal AD 73
DeA-10980 1/1446/17L C86-B3749 (Charcoal-Tilia) 22.66 1926 + 26 control measurement
DeA-10981 1/1446/17H C86-B3749 (Charcoal-Tilia) furnace 09, pl. 09-10 29.87 1954 + 24 cal BC 32 —cal AD 122
DeA-10968 1/1446/18L C86-B3731 (Charcoal-Quercus) 20.83 2024 + 24 control measurement
DeA-10969 1/1446/18H C86-B3731 (Charcoal-Quercus) | furnace 10, pl. 07-08 30.26 2019 + 24 cal BC 90 —cal AD 52
DeA-10970 1/1446/19L C86-B6516 (Charcoal-Quercus) 28.99 1991 + 24 control measurement
DeA-10971 1/1446/19H C86-B6516 (Charcoal-Quercus) | furnace 12, pl. 08-09 28.97 1990 £ 24 cal BC 43 —cal AD 61
DeA-10972 1/1446/20L C86-B6565 (Charcoal-Carpinus) 27.76 2004 £ 25 control measurement
DeA-10973 1/1446/20H C86-B6565 (Charcoal-Carpinus) | furnace 12, pl. 08-09 30.06 2029 + 24 cal BC 104 — cal AD 49
DeA-10974 1/1446/21L C86-B4033 (Charcoal-Quercus) 23.51 1962 + 24 control measurement
DeA-10975 1/1446/21H (C86-B4033 (Charcoal-Quercus) | layer 10096, pl. 07-08 30.25 1992 + 24 cal BC 43 —cal AD 60
DeA-10983 1/1446/22L C86-A4797 (Charcoal-Quercus) 23.21 1986 + 28 control measurement
DeA-10984 1/1446/22H C86-A4797 (Charcoal-Quercus) | layer 10021, pl. 04-05 28.69 1982 + 27 cal BC 42 —cal AD 70
DeA-10985 1/1446/23L C86-B3970 (Charcoal-Quercus) 25.76 2044 + 26 control measurement
DeA-10986 1/1446/23H C86-B3970 (Charcoal-Quercus) | layer 10021, pl. 07-08 23.38 2019 + 26 cal BC92 — cal AD 54

Tab. 2. Wetzlar-Dalheim C86, Lahn-Dill-District, Germany. Second series of radiocarbon measurements directly related to the production process, taken in 2017.

Calibration data set: intcal13.14c (data provided by Isotoptech Zrt., Debrecen [I. Futé, M. Molndr, V. Mihély]).

Tab. 2. Wetzlar-Dalheim C86, zemsky okres Lahn-Dill, Némecko. Druha série radiokarbonovych méfeni pfimo souvisejicich s vyrobnim procesem, pofizena v roce

2017. Kalibra¢ni datova sada: intcal13.14c (Data poskytl Isotoptech Zrt., Debrecin [I. Futé, M. Molnar, V. Mihaly]).
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10,3 kg

6472 6949

Fig. 5. Wetzlar-Dalheim C86, Lahn-Dill-District, Germany. Range of slag blocks from the Roman-Period
smelting site dated by radiocarbon analysis. The charcoals extracted from inside the slags yielded dates from
the later Neolithic (A0982), the Bronze Age (6469), the Hallstatt to early La Téne Periods (6472, A0582, 6949),
the later La Téne Period (7119) and the late Iron Age/Early Roman Period (6616). Drawing P. Thomas;
photographs A. Schéfer.

Obr. 5. Wetzlar-Dalheim C86, zemsky okres Lahn-Dill, Némecko. Skala struskovych blokii z lokalit s doklady
Zelezarské vyroby datovanych radiokarbonovou metodou do fimského obdobi. Kousky dfevéného uhli vy-
jmutého ze strusek byly datovany do mladsiho neolitu (A0982), do doby bronzové (6469), haltatské az rané
doby laténské (6472, A0582, 6949), mladsi doby laténské (7119) a pozdni doby Zelezné/doby fimské (6616).

(6469; A0597) to the Early Iron Age (6472; A0582) and the Later Iron Age (7119). Four
of these slag blocks were dumped in a layer of debris stratigraphically superseding the slag
pit of furnace 1 after its abandonment and destruction. Three more samples in slag blocks
from the infill of the gully (6588; 6949) and from the western dump (2211) produced dates
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Storage Pit
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Feat. 10006, B 6588 | ETH-35463 9
6616 | ETH-35464 Slag
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Fig. 6. Wetzlar-Dalheim C86, Lahn-Dill-District, Germany. Results of the first series of radiocarbon measure-
ments, taken in 2008, mostly from in-slag charcoal samples (in red). 2c standard deviation (data provided
by ETH Zurich [I. Hajdas, G. Bonani]).

Obr. 6. Wetzlar-Dalheim C86, zemsky okres Lahn-Dill, Némecko. Vysledky prvni série radiokarbonovych
méfeni, potizenych v roce 2008, povétSinou provedenych na vzorcich dfevéného uhli uvizlého ve strusce
(Cervené). Smérodatnd odchylka 2o (data poskytl ETH Zurich [l. Hajdas, G. Bonani]).

of the Bronze Age and the Later Iron Age respectively. Only one of the ten samples (6616),
located furthest north in the gully, produced a late Iron Age/early Roman Period date in
accordance with the archaeological evidence. While the in-slag samples yielded these
astonishing results, the ‘normal’ charcoal samples taken from the sunken hut and the Bron-
ze Age storage pit matched the archaeologically derived dating. Two more samples, pro-
cessed a few years previously, also produced Roman Period dates and did not derive from
slags. One was taken from a drilling core from inside the working pit close to one of the
furnaces (core 70). The other derives from the infill of an archaeological feature immedi-
ately north of our excavation trench. There, tuyere fragments, slags and charcoal may be-
long to another production unit further up the hill and were collected there in 2003 during
rescue work in a freshly cut cable trench along the road.

The broad date range of this first dating series with some clearly unacceptable results
brought us to hand in another series of samples for radiocarbon dating also directly related
to the smelting activities. This time we restricted our samples to charcoal fragments from
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Fig. 7. Wetzlar-Dalheim C86, Lahn-Dill-District, Germany. Results of the second series of radiocarbon mea-
surements in 2017. The charcoal samples were exclusively taken from the bottom layers within the slag
pits of the bloomery furnaces and from two additional charcoal-bearing layers inside the workshop pit.
20 standard deviation (data provided by Isotoptech Zrt., Debrecen [I. Futé, M. Molnér, V. Mihaly]).
Obr. 7. Wetzlar-Dalheim C86, zemsky okres Lahn-Dill, Némecko. Vysledky druhé série radiokarbonovych
méfeni z roku 2017. Vzorky dfevéného uhli byly vylu¢né odebirdny ze spodnich vrstev zahloubenych nistéji
Zelezéfskych peci a ze dvou dal3ich vrstev obsahujicich dfevéné uhli uvnitf dilenské jamy. Smérodatna
odchylka 2o (data poskytl Isotoptech Zrt., Debrecin [l. Futé, M. Molnar, V. Mihély]).

the bottom of the slag pits of as many furnaces as possible.? The resulting radiocarbon
dates consistently back up the archaeological dating of the production unit, all staying
within the two centuries around the turn of the Christian era (fig. 7).> The location of all
samples on site addressed in this paper can be seen in fig. 8.

3. Discussion

The two dating series feed the suspicion that we had uncovered a severe methodological
problem in radiocarbon dating of in-slag charcoal samples. The clear discrepancy of the two
data sets rules out any effect of the old-wood theory, ‘the perpetual bug bear of archaeolo-

2 Four tree species were represented in the 16 samples: Quercus (11), Fagus (3), Tilia (1), Carpinus (1).

3 Thanks are due to I. Futé, M. Molnar, V. Mihaly (Isotoptech Zrt., Debrecen) for the radiocarbon measure-
ments. (cf. Molndr et al. 2013a; 2013b).
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Fig. 8. Wetzlar-Dalheim C86, Lahn-Dill-District, Germany. Location of charcoal samples referred to in the
text.

Obr. 8. Wetzlar-Dalheim C86, zemsky okres Lahn-Dill, Némecko. Nélezova poloha vzorkd dfevéného uhli,
na které je v textu odkazovéno.
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gists’ (Hendrickson — Hua — Pryce 2013, 45), as the most common remedy for radiocarbon
results that are too old to match the archaeological record. While we do not want to rule
out the odd old oak tree ending up in a charcoal burning fire, it is to be rendered wholly
impossible that it was only their charcoals being trapped in the slags inside the furnace
while contemporary charcoals gathered at the bottom of the slag pits. What is more, the use
of branches and smaller trees in charcoal production for metallurgical purposes is regular-
ly to be found in archaeological contexts®, while the valuable timbers of large trees were
carefully selected for building and construction.

The enormous range of dates in our first radiocarbon sequence for the very short-lived
smelting activities at Wetzlar-Dalheim C86 points to a contamination of the samples with-
in the slag blocks. To a varying degree the dates obtained tend to be (much) older than the
dates expected from the archaeological record. There is not one measurement younger than
the expected date of deposition in the earlier Roman Period. As all other samples from our
site that were not extracted from a slag block do not show any significant deviations from
the expected time range, we can rule out a contamination of the specimens after deposition
as well as during or after sampling.

So we are clearly left with a problem inherent in the carbon of the charcoal samples
from inside the slags themselves. The temperatures within a bloomery furnace reach up to
1250 °C. Fayalitic bloomery slag has a liquifying point between 1150-1200 °C. The char-
coals trapped in such slags would have been subjected to very high temperatures for sev-
eral hours in a closed system under highly reducing conditions.

It is at this point in the process that the contamination must have occurred. The only
explanation for a radiocarbon date getting older than the true date of the original sample
is the addition of fossil carbon. So we have to conclude that our in-slag charcoal samples
from Wetzlar-Dalheim have been contaminated with fossil carbon to a varying and unpre-
dictable degree.

4. Implications

If this is true for our site, there could be similar problems at other sites where high tem-
perature metallurgical processes have been dated by radiocarbon analysis from charcoals
within slags. As this short note cannot present a systematic survey of radiocarbon datings
from metallurgical contexts, we will only pick out a few sites and regions to show the range
of possible implications (see fig. I). It is not our intention to offend any of our colleagues
but to raise awareness of a methodological problem in radiocarbon dating that has been
there right from the beginning, but has not been addressed to date and has always been
explained away with the help of ‘the old wood story’.’ One could even argue that the ‘old

4 Thiébault 2002, Tegtmeier 2009 (Iron Age, Middle Ages); Stollner et al. 2014, 55-57 (Iron Age); Overbeck
2011, 287-293 (13-14% cent. AD); Nelle 2003 (post medieval; more likely related to glass making).

5 It may be noted, that one of the largest laboratories for radiocarbon analysis in the world already for an
number of years explicitly does not recommend in-slag charcoal samples for radiocarbon dating: [...] ‘many
times the charred material found in slag originates from very large “old” trees that were used in the fires for
smelting operations. As such, the wood can be several hundreds of years old when it is burned and this old
wood (charcoal) ends up in the slag yielding a much older age than the actual time of manufacture. We have
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Fig. 9. Roth Valley, Bavarian Suebia, Germany. 52 AMS-radiocarbon measurements (1o standard deviation)
from 28 bloomery production sites of the region (after Ambs - Gassmann - Wischenbart 2001, 25, fig. 13).
Obr. 9. Povodi feky Roth, Bavorské Svébsko, Némecko. 52 AMS-radiokarbonové méFeni (smérodatna od-
chylka 1c) z 28 lokalit s doklady Zelezafské vyroby v daném regionu (podle Ambs - Gassmann - Wischenbart
2001, 25, fig. 13).

wood effect’” has up to now severely inhibited any serious scientific discussion on inter-
preting (too) old dates, especially from charcoals taken from inside metallurgical slags.

The first example we would like to draw attention to is from an Iron Age smelting
region in southern Germany, south of the Danube in the Roth-valley in Bavarian Suebia.
Here a large series of 53 AMS-radiocarbon dates were published in 2001 (Ambs — Gass-
mann — Wischenbart 2001, 23ff., tab. 3, 25, fig. 13). The samples all derive from charcoals
extracted from bloomery slags from 28 smelting sites of the region. Apart from three dates
reaching back to the Hallstatt-Period calibration plateau, the samples very consistently show
a date range between the 4" to 2 centuries BC (fig. 9). So in this case there does not seem
to be a problem. Another example where no alterations were discernible may be quoted
from the region around the La Téne-Period oppidum of Manching in Bavaria (Gassmann —
Schdfer 2013, 355, Tab. 2).

A very important early iron production district in Germany is the Siegerland region
only about 50 km north of the Lahn valley. From early in the twentieth century onwards

seen this several times when working with this type of sample, and it is why we typically don’t recommend
this type of material for radiocarbon dating.” (http://www.radiocarbon.eu/carbon-dating-blog/1067/charred-
-material-dating/ [last call 28.10.2017, 18:40]).
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Fig. 10. “C-dates (2o standard deviation) from sites investigated between 2002 and 2007 in the north-
-western part of the Siegerland, Central Germany (after Stéllner et al. 2014, 54, fig. 11).

Obr. 10. C data (smérodatna odchylka 2c) z lokalit zkoumanych v letech 2002 az 2007 v severozépadni
casti Siegerlandu ve stfednim Némecku (podle Stéliner et al. 2014, 54, Abb. 11).

it had been famous for its late Iron Age bloomery production and also features a second
production phase in the Middle Ages. New research has been undertaken there in recent
years (Stollner et al. 2009; Zeiler 2013) and a series of radiocarbon dates from several
smelting sites has been published (fig. 10; Stollner et al. 2014, 54, fig. 11). A closer look
reveals a similarly wide range of dates as in Wetzlar-Dalheim. For the Siegerland, howev-
er, the published sequence ‘only’ goes back to the late Bronze Age, also without a distinct
concentration of dates in the archaeologically known main production periods. The first
five dates from the beginning of the sequence were all derived from charcoals in slags.
Yet some of the dates indeed fall into the production periods expected by archaeology.
Thus the differences between the radiocarbon dates and the archaeological evidence are
not as marked and obvious as at Wetzlar-Dalheim. This may probably be true for a great
many other sites, where similar date ranges occurred without being as clearly unacceptable
as at Wetzlar-Dalheim.

The argument may be pushed further yet. We can suspect that there would be quite
a number of unreported cases, where the dates obtained by radiocarbon analysis were too
old to be plausibly connected to iron production. Who would want to publish a ‘sensational’
Neolithic or early Bronze Age iron smelting activity in Central Europe? At the beginning
of our research in the Lahn valley in 1999 we ourselves put aside a first and seemingly
isolated far too early date from charcoal within a slag from a later Iron Age smithy site
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Fig. 11. Lahnau-Atzbach, Lahn-Dill-District, Germany (excavation 2000). Radiocarbon dates from a later Iron
Age smithy with 2c standard deviation (data from ETH Zurich [I. Hajdas, G. Bonani]).

Obr. 11. Lahnau-Atzbach, zemsky okres Lahn-Dill, Némecko (arch. vyzkum 2000). Radiokarbonové datovéani
(smérodatna odchylka 2c) materidlu kovarny z mladsi doby Zelezné (data poskytl ETH Zurich [I. Hajdas,
G. Bonani]).

at Lahnau-Atzbach, Lahn-Dill-District (fig. 11; cf. Schdfer — Stollner 2002, 104, fig. 15).
While we used the old-wood theory to explain two dates on the Hallstatt-Period calibration
plateau (Schdfer — Stollner 2002, 99 with note 42), we left aside the middle Bronze Age
date from a small surface slag as somehow severely altered or contaminated. This example
additionally raises the issue that the dating problem might also affect materials from iron
working (smithing) contexts.

More than twenty years ago, a series of very old iron production sites in Sweden were
published that astonished scholars at the time (Hjdrthner-Holdar 1993). While we do not
want to question the results in Sweden in general, it could be worth having a new and fresh
approach to them, in the light of the new evidence presented here.

The last case study that we want to put forward adds a global perspective and sums up
the inherent problems very well. It is concerned with medieval iron production of the Ang-
korian Khmer Period (9%—15" centuries AD) in Cambodia (Hendrickson — Hua — Pryce 2013).
Here, analysis of in-slag charcoal was deliberately adopted to reconstruct the ‘spatial his-
tory’ of over a dozen iron smelting sites with substantial slag deposits within the 22 km?
large temple complex Preah Khan in Preah Vihear province, Cambodia. The decision for
the sampling strategy was identical to our own intentions at Wetzlar-Dalheim, trying to make
sure to date the production process itself. At Preah Khan slag blocks or cakes were col-
lected from the surface or upper edge of the slag heaps to date the end of the production
sequence. Fifteen AMS '“C results were obtained from twelve slag cakes, representing seven
separate slag concentrations from four different sites (fig. 12). While the archaeological
evidence presents itself rather uniformly (site topography and layout, typology of tuyeres,
slag cakes), the radiocarbon measurements cover a period of more than 600 years. Typically
again, no concentration of any main production period may be seen, but rather a continuous
flow, spanning the times from the early 11" to the mid-17" centuries AD (Hendrickson —
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Fig. 12. Calibrated radiocarbon ages (2o standard deviation) of in-slag charcoal samples from slag cakes
of four bloomery production sites of the Angkorian Khmer Period at Preah Khan in Preah Vihear province,
Cambodia (rearranged and altered after Hendrickson - Hua - Pryce 2013, 42, fig. 7).

Obr. 12. Kalibrované radiokarbonové stafi (smér. odchylka 2c) vzork( dfevéného uhli zataveného v kolacich
strusky ze Ctyr lokalit s doklady Zelezafské vyroby v obdobi ,Angkorian Khmer” v provincii Preah Vihear
v KambodZi (upravené a pozménéné podle Hendrickson - Hua - Pryce 2013, 42, fig. 7).

Hua — Pryce 2013, 42, fig. 7). In two cases more than one sample was taken from an in-
dividual slag cake and the resulting dates all differed markedly from each other. The three
most ancient dates of the published sequence even derive from within one single slag.
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This last example can stand for a great many more that do show signs of ‘something
not being quite right’ but are not as disastrous not to be explainable any more. What is
more, the ageing effect for samples from the Middle Ages or the Post Medieval Period,
when more “C is still available in the sample, might not be as marked as at older sites, so
that a small amount of fossil carbon will not alter the sample too dramatically and render
the result wholly impossible.

What are the possible sources of fossil carbon to cause the contamination? The exam-
ples listed above have shown that in some cases the radiocarbon datings match with the
archaeologically derived dates and in some cases there are more or less severe differences.
In our first example in the Roth valley (Bavarian Suebia), where we had matching results,
it is evident that the local geology does not contain any calcium carbonate in the soils. The
Central Lahn valley at Wetzlar-Dalheim, however, features a geology rich in limestone
and loess. Both contain fossil carbon in high amounts. Under strongly reducing conditions
and at temperatures above 900 °C calcium carbonate (CaCO,) disintegrates completely
into CaO and 2CO. The CaO will react with the slag and is not important for our dating
problem.® With the carbon monoxide, however, we have a possible source of gaseous fos-
sil carbon entering the slag smelting system. We do not know exactly what happens dur-
ing the several hours within the semi-liquid slag block, but it seems to be enough time and
the right conditions to cause a contamination with fossil carbon. The most likely source
of calcium carbonate entering the furnace would be via the furnace wall/lining or coming
in with the charge in regions with natural calcium carbonate resources. Incidentally in
some regions the iron ore itself contains fossil carbon in the form of limestone, dolomite
(CaCO,MgCO,) or siderite (FeCO,).

5. Conclusions

In recent years an ever growing number of seemingly old radiocarbon dates from bloomery
sites have become known. The dating series from Wetzlar-Dalheim and the others discussed
above have shown the inherent problems when dating charcoal samples from inside met-
allurgical slags. The problem is aggravated as datable archaeological material like pottery
or small finds is often conspicuously absent at metallurgical sites especially from survey
programmes and charcoal from slags may often be the only possibility to obtain a date.’
Our results suggest that radiocarbon analysis of in-slag charcoal samples should not be
the first — let alone the only — choice, when dating bloomery sites.® It became apparent, that
especially in regions with high fossil carbonates like in loess or limestone areas, severe
problems with contamination during the ancient reduction process could have occurred.

% Yet, a considerable CaO content in the slag may reflect a contribution of calcium carbonate to the smelting
process: cf. Oinonen et al. 2009, 878 {.

7 Cf. the survey find of a 13.6 kg slag block from Clemency ‘Hansenbernsheck’, Luxembourg, that morpho-
logically belongs to a Roman Period slag pit furnace but yielded an Iron Age date (Gassmann — Schdifer 2017,
40 ff.; 46 fig. 37). In-slag charcoal samples of two slag tongues from the surface of a medieval slag heap in
the vicinity at Clemency ‘Lamerbierg’ yielded disparate dates from cal 570-780 and cal AD 800-1020 res-
pectively (ibid., 46, fig. 37).

8 Contrary to Park — Rehren 2011 and Hendrickson — Hua — Pryce 2013, 37.
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Thus, such datings should be judged with great caution, all the more so when only isolated
analyses of that kind are available for a site. As our second dating series from Wetzlar-Dal-
heim indicates charcoal samples from the bottom layer of a furnace base may be a better
choice. The same probably applies for charcoal layers within slag heaps. For future inves-
tigations we suggest that more emphasis should be given to typological and technological
studies to get further hints on the chronological differentiation. The value of a slag typolo-
gy is still not widely recognised, but will in many cases be able to provide a technological
and chronological framework for metallurgical complexes in a given region.

The methodological problem in radiocarbon dating from in-slag charcoal samples was
discussed above with reference to the iron technology. But of course the same problems
will occur with other metallurgical technologies, where slags were produced at high tem-
peratures under strongly reducing conditions, like in copper, lead and silver smelting.

References

Ambs, R. — Gassmann, G. — Wischenbart, P. 2001: Keltische Stahlproduktion im Mittleren Rothtal, Bayerisch
Schwaben. Berichte zur Archdologie im Landkreis NU und den angrenzenden Gebieten, Band II.
Neu-Ulm: Landratsamt Neu-Ulm.

Cech, B. — Rehren, T. eds. 2014: Early Iron in Europe. Monographies Instrumentum 50. Montagnac: Moni-
que Mergoil.

Gassmann, G. — Schdfer, A. 2013: Zu den Anfangen der Eisengewinnung im bayerischen Donauraum. In:
S. Sievers — M. Leicht — B. Ziegaus, Ergebnisse der Ausgrabungen in Manching-Altenfeld 1996-1999.
Die Ausgrabungen in Manching 18, Teil 2, Wiesbaden: Reichert Verlag, 337-375.

Gassmann, G. — Schdfer, A. 2014: Early iron production in Germany. A short review. In: Cech - Rehren eds.
2014, 21-32.

Gassmann, G. — Schdfer, A. 2017: Luxemburger Eisen. Montanarchédologische Untersuchungen zur friihen
Eisenproduktion im Umland des Titelbergs in Stidwestluxemburg. Forschungen des Instituts fir
Archédologische Wissenschaften, Denkmalwissenschaften und Kunstgeschichte 6. Bamberg: Univer-
sity of Bamberg Press. [URN: urn:nbn:de:bvb:473-opus4-492104; DOI: http://dx.doi.org/10.20378/
irbo-49210]

Hajdas, 1. — Bonani, G. — Thut, H. — Leone, G. — Pfenninger, R. — Maden, C. 2004: A report on sample prepara-
tion at the ETH/PSI AMS facility in Zurich. Nuclear Instruments & Methods in Physics. Research Section
B-Beam Interactions with Materials and Atoms 223-224, 267-271.

Hendrickson, M. — Hua, Qu. — Pryce, Th. O. 2013: Using in-slag charcoal as an indicator of ‘terminal’ iron
production within the Angkorian Period (10t"-13t centuries AD) center of Preah Khan of Kompong
Svay, Cambodia. Radiocarbon 55/1, 31-47.

Hjdrthner-Holdar, E. 1993: Jarnets och jarnmetallurgins introduktion i Sverige. Med bidrag av Peter Kresten
och Anders Lindahl. Aun 16. Uppsala: Societas archaeologica Upsaliensis.

Molndr, M. — Janovics, R. — Major, 1. — Orsovszki, J. — Gonczi, R. — Veres, M. — Leonard, A. G. — Castle, S. M. —
Lange, T. E. — Wacker, L. — Hajdas, 1. — Jull, A. J. T. 2013b: Status report of the new AMS ™C sample
preparation lab of the Hertelendi Laboratory of Environmental Studies (Debrecen, Hungary). Radio-
carbon 55/2-3, 665—-676.

Molndr, M. — Rinyu, L. — Veres, M. — Seiler, M. — Wacker, L. — Synal, H.-A. 2013a: EnvironMICADAS: a mini
“C AMS with enhanced Gas lon Source Interface in the Hertelendi Laboratory of Environmental Stu-
dies (HEKAL), Hungary. Radiocarbon 55/2-3, 338-344.

Nelle, O. 2003: Woodland history of the last 500 years revealed by anthracological studies of charcoal kiln
sites in the Bavarian Forest, Germany. Phytocoenologia 33/4, 667—-682.

Oinonen, M. — Haggren, G. — Kaskela, A. — Lavento, M. — Palonen, V. — Tikkanen, P. 2009: Radiocarbon dating
of iron: a northern contribution. Radiocarbon 51/2, 873—-881.



Archeologické rozhledy LXX-2018 327

Overbeck, M. 2011: Zu den Wurzeln der Eisenindustrie in Luxemburg. Der hoch- bis spatmittelalterliche
Verhiittungsplatz aus dem Genoeserbusch bei Peppange. Miinstersche Beitrage zur Ur- und Frithge-
schichtlichen Archéologie 5. Rahden/Westf.: Verlag Marie Leidorf.

Park, J.-S. — Rehren, T. 2011: Large-scale 2nd to 3rd century AD bloomery iron smelting in Korea. Journal
of Archaeological Science 38, 1180-1190.

Pleiner, R. 2000: Iron in Archaeology. The European Bloomery Smelters. Prague: Institute of Archaeology.

Schiifer, A. 2009: Frihe Eisenproduktion in der Mittelgebirgszone. Regionale Fallstudien von der Laténe-
zeit bis zum Frithmittelalter zwischen Luxemburg und Bayern. Unpubl. Habilitation Thesis University
of Jena.

Schdfer, A. 2010: ,Zwischen” Diinsberg und Waldgirmes. Wirtschaftsarchdologische Untersuchungen an
der mittleren Lahn. Berichte der Kommission fiir Archdologische Landesforschung in Hessen 10
(2008/2009), 69-90.

Schdifer, A. 2014 Early iron production in the Central German Highlands. Current research in the Lahn valley
at Wetzlar-Dalheim (Lahn-Dill-District, Hesse). In: Cech - Rehren eds. 2014, 33—-42.

Schiifer, A. — Stollner, Th. 2002: Frihe Metallgewinnung im Mittleren Lahntal. Vorbericht tiber die Forschun-
gen der Jahre 1999-2001. With contributions by N. Buthmann — B. Zickgraf — G. Gassmann — A. Kreuz —
K. Roéttger. Berichte der Kommission fiir Archdologische Landesforschung in Hessen 6 (2000/2001),
83-111.

Stoliner, Th. — Garner, J. — Gassmann, G. — Kalis, A. J. — Rottger, K. — Stobbe, A. — Tegtmeier, U. — Yalgin, U. 2009:
Latenezeitliche Eisenwirtschaft im Siegerland. Interdisziplindre Forschungen zur Wirtschaftsarchéo-
logie. Metalla (Bochum) 16/2, 101-203.

Stollner, Th. — Garner, J. — Gassmann, G. — Rottger, K. — Tegtmeier, U. — Yalcin, U. — Zeiler, M. 2014: The Sie-
gerland as an iron production area during the first millennium BC: A regional approach to a famous
mining region. In: Cech - Rehren eds. 2014, 43—63.

Tegtmeier, U. 2009: Arbeiten zur Umweltarchdologie des Siegerlands. Anthrakologische Untersuchungen.
In: Stéliner et al. 2009, 178-183.

Thiébault, S. ed. 2002: Charcoal analysis. Methodological approaches, palaeoecological results and wood
uses. Proceedings of the Second International Meeting of Anthracology, Paris, Sept. 2000. BAR Inter-
national Series 1063. Oxford: Archaeopress.

Zeiler, M. 2013: Laténezeitliche Eisenwirtschaft im Siegerland. Bericht liber die montanarchéologischen
Forschungen 2009-2011. Metalla (Bochum) 20/1, 1-196.

GUNTRAM GASSMANN, ARGUS Company, Kastellweg 10, DE-72072 Tiibingen; argus.gassmann@t-online.de
ANDREAS SCHAFER, Institute of Archaeological Sciences, Heritage Sciences and Art History, University of
Bamberg, DE-96045 Bamberg, andreas.schaefer@uni-bamberg.de



328 Archeologické rozhledy LXX-2018 328-334

Two iron technology diffusion routes in Eastern Europe

Dvé trasy Sifeni znalosti zpracovani Zeleza ve vychodni Evropé

Vladimir |. Zavyalov - Nataliya N. Terekhova

Archaeometallographic data suggest that there were two technological models in Eastern Europe as early
as the Bronze Age—Early Iron Age transition period (9"-7" centuries BC). We link their development to
two routes via which knowledge of use of ferrous metals diffused from Anatolia. The first route reached
the North Caucasus, the second route passed through Greece and the Balkans to Central and Eastern
Europe.

archaeometallography — Eastern Europe — ferrous metals — transition period

Archeometalografickd data naznacuji, Ze jiz v prechodu mezi dobou bronzovou a ranou dobou Zeleznou
(9.=7. stol. pr. n. L) existovaly ve vychodni Evropé dva technologické modely zpracovani Zeleza. Jejich
rozvoj spojujeme se dvéma trasami, kterymi se znalosti uZivani Zeleznych kovii z Anatolie roz3irily. Prvni
trasa prekrocila Zakavkazsko, druhd trasa vedla pres Recko a Balkan do stredni a vychodni Evropy.

archeometallografie — vychodni Evropa — Zelezné kovy — pfechodné obdobi

The issue of emergence and spread of ferrous metallurgy is still relevant despite the fact
that it has been on the research agenda for quite a long time. L. Morgan (1935, 28) argued
that ‘The production of iron was the event of events in human experience, without a par-
allel, and without an equal, besides which all other inventions and discoveries were in-
considerable, or at least subordinate’.

Most researchers tend to believe that telluric iron production originated in Anatolia.
The region had all basic preconditions, such as focused and systematic search of ore min-
erals; understanding properties of minerals which could be turned to metal; pyrotechno-
logical structures; use of artificial blowing to achieve high temperatures (when smelting);
charring of wood (Waldbaum 1978, 23). The earliest artefacts made from iron (second half
of the third millennium BC) have been found in Anatolia. The finds include an iron mace
head (Troy, 2600-2400 BC), a blade of a gold handled dagger, two pins with gold heads,
a pendant, a cross-shaped plaque, fragments of a knife (Alaga Hoyiik, 2400-2100 BC),
a twisted bracelet from Tilmen Hoyiik (Esin 1976, 225; Yalcin 1999, 179), a piece of cor-
roded iron (Tarsus, 2100 BC). However, this list has been recently modified. It has been
established that the mace head from Troy is a piece of slag or ore rather than metallic iron
(Pernicka 1990; Yalcin 1999). Initially, because of high content of nickel (up to 3.91 %),
a number of researchers even believed that this artefact was made from meteoric iron
(Waldbaum 1978, 20; 1980, 92).

In the first half of the second millennium BC iron artefacts were widely spread across
the Eastern Mediterranean. Items made from ferrous metal and dated to this period have
been found not only in Anatolia, but also in Mesopotamia, Egypt, Crete and Cyprus. Iron
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artefacts dated to the second half of the second millennium BC have been retrieved from
sites in Greece, the Aegean islands, the Balkans, the Levant, Transcaucasia, and Eastern
Europe. It was the time when the knowledge of iron metallurgy began to spread; this is
attested by the presence of metallurgical centres dated to the 14"-13" centuries BC dis-
covered in the Levant, Eastern Georgia and Serbia (Abramishvili 1961; Abramishvili —
Mikeladze 1970; Fritz et al. 1991; Liebowitz — Folk 1984; Stoji¢ 2006).

R. Pleiner paid a lot of attention to the issue of the diffusion of iron from Anatolia.
At the same time he thought Europe to be a secondary area of iron industry development.
On the maps that he made (Pleiner 1980, 382; Pleiner 2000, fig. 8), he traces the follow-
ing routes of ironworking knowledge diffusion: one route passed through Greece and the
Balkans to Western and Eastern Europe; another route runs through the Caucasus to the
North Black Sea maritime steppes and the Volga Region (Pleiner 1980, 376; 2000, 30-31).
In this case R. Pleiner relied purely on archaeological data, i.e. finds of iron artefacts.
Given high relevance of this issue, we would like to revisit it and offer conclusions based
on the technological data. Indeed, archaeological artefacts found in Eastern Europe and
results of their archaeometallographic studies conducted so far have provided an opportu-
nity to clarify some of Pleiner’s conclusions.

The earliest items made of ferrous metal and coming from Eastern European sites are
dated to the end of the second millennium BC (fig. I; see Bidzilya et al. 1983; Grakov 1958;
Chizhevsky 2012; Shramko et al. 1977; Shramko — Buynov 2012). These items have been
found singly, which means that knowledge of the new metal reached the local populations
for the first time. Archaeometallographic studies of such finds are not numerous. Only four
artefacts coming from Ukraine, namely three knives and an awl, have been examined so
far. One knife was forged entirely from bloomery iron (Lyubovka /JIto6oBka/ settlement,
late 2000s — early 1000s BC: Radzievska — Shramko 1980, 103); another knife was made
of iron and showed traces of unintentional (?) carburization (Oskol /Ockon/ settlement,
1109 centuries BC: Bidzilya et al. 1983, 18); the third knife was made from inhomoge-
neous bloomery steel (Chervonny Shlakh-1 /Yepgonstii [1lnax-1/ settlement, 119 cen-
turies BC: Buynov 2003, 6). The awl (Tashlyk 1 /Tauuteik 1/ settlement, 13" century BC)
was made from iron, which was slightly carburized in places. When forging the awl the
blank was folded and welded several times as evidenced by chains of slag inclusions inter-
preted by the author as welding seams (Bidzilya et al. 1983, 15). Therefore, what we have
is an early stage of ironworking, which does not fit entirely within the Late Bronze Age.
No specific techniques typical for ironworking in Eastern Europe of that time have been
recorded. The Late Bronze Age — Early Iron Age transition period in Eastern Europe falls
within the 9"—mid-7™ centuries BC as evidenced by artefacts recovered at the sites in the
Northern Caucasus and the North Black Sea maritime steppes. This stage is characterized
by a substantial increase in the number of both iron artefacts and their types.

The so-far gathered analytical (archacometallographic) data, characterizing technology
used to produce the earliest iron artefacts, support the conclusion that various technolog-
ical models, underpinned by various technological traditions, began to emerge in Eastern
Europe at that time. The technological model is understood to comprise three interrelated
components, namely: a technical and technological stereotype, production traditions, and
influence of alien cultures. The technical and technological stereotype includes a certain
set of attributes and the correlation between them which characterize material, categories,
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Fig. 1. The earliest iron objects from Eastern Europe 129t century BC (Ukraine, by I. B. Shramko):
1 —Lyubovka //lioboska/ settlement; 2 — Kicevka /Kuueska/ settlement; 3 and 7 — barrow near Vishnevy Dol
/BuwwHesbint fion/ village; 4 — Oskol /Ockon/ settlement; 5 — Chervony Shlyakh /HepBoHeiii LLinax/ settlement;
6, 11 and 12 — Velikaya Topolyakha /Besnunkas Tononsixa/ settlement; 9 — Bondarikha /BoHaapuxa/ settlement;
8-10 — Tymchenki /TumueHku/ settlement.

Obr. 1. Nejstarsi Zelezné predméty z vychodni Evropy 12.-9. stoleti pt. n. I. (Ukrajina, od I. V. Sramka):
1 —sidlisté Ljubovka; 2 — sidliSté Kicevka; 3 a 7 — mohyla pobliz vsi Visnevyj Dol; 4 — sidlisté Oskol; 5 — sid-
listé éervony] Slach; 6, 11, 12 — sidlist& Velikaja Topoljacha; 9 — sidlisté Bondaricha; 8—10 — sidlisté Timcenki.

techniques and methods of making items in a specific archaeological culture. The technical
and technological stereotype in blacksmith craft is a stable element of culture. Transfer of
a technical and technological stereotype from generation to generation throughout a long
period of time is the essence of production traditions.

Two different technological traditions have been traced by examining artefacts from
sites in the Northern Caucasus dated to the Late Bronze Age — Early Iron Age transition
period; the so called Eastern European tradition and the Trancaucasian/Southwest Asian
tradition.

The Eastern European tradition developed in the North Black Sea steppe and forest-
steppe zones in the Belozer culture period (the 11"-10/9" centuries BC: Terekhova — Erlikh
2002, 135). This tradition was based on the technical and technological stereotype associat-
ed with the use of simple techniques such as forging of artefacts entirely of iron or hetero-
geneous bloomery steel (i.e. directly from unhomogenized ingots formed from blooms).
Only a few artefacts showed evidence of carburizing and heat treatment, i.e. techniques
improving mechanical properties of iron objects (or parts thereof).
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The use of techniques typical for ironworking such as carburizing and heat treatment
is a distinctive feature of the so-called Transcaucasian technological tradition (it should be
noted that heat treatment included only quenching and tempering/annealing, which have
been determined by presence of sorbite or even spheroidised pearlite in the samples exam-
ined). Employment of these techniques, representing a cutting-edge technology of the time,
led to a significant improvement in mechanical properties of iron objects.

As has been noted earlier, these traditions underpinned two different technological mod-
els, the so-called Eastern European model and the Caucasian model. There is numerous
evidence for the Eastern European model retrieved from the sites of the steppe and for-
est-steppe zone in Eastern Europe dated to the 9"-8" centuries BC (Klin Yar /Knun-Sp/,
Pshish /ITmmm/, Kubansky and Psekupsky /Ky6anckwuii and [Icexynckuii/ burial grounds,
Sofievka /Co¢ueska/, Verkhny Bishkin /Bepxuuii bumikun/, Subbotovo /Cy660ToB0/
(Terekhova 1997; Terekhova et al. 1997, 48-55; Shramko et al. 1977). Most likely, the
development of the Eastern European model was influenced by the Hallstatt blacksmith
traditions. Recently published archaeological materials demonstrate that the Hallstatt
populations made a rather strong impact on the development of the populations who lived
not only in the Carpathian Region and the West Volynia Region but also across the entire
forest-steppe area of the North Black Sea maritime areas (Kashuba 2012,237; Krushelnits-
kaya 1991, 24; Levitsky — Kashuba 2011, 153). As metallographic study of iron objects
from the Hallstatt sites suggests, simple technological techniques (such as forging items out
of iron and bloomery steel) were predominantly employed. Items with carburized points
or cutting edges are rather rare and their heat treatment was rarely applied (Pleiner 1980,
388-389; Hosek 2010).

The second (the so-called Caucasian) model has been traced through the artefacts yield-
ed by the sites in the North and Central Caucasus (Fars, Serzhen-Yurt, Tliysky /®apc,
Ceprxens-lOpt, Tiuiickuit/ burial ground: Voznesenskaya 1975; Terekhova 1999; 2002).
It emerged on the basis of ironworking experience of the Transcaucasian centres. The tech-
nique of man-made carburizing was mastered by Transcaucasian craftsmen as early as the
end of the second millennium BC (Abramishvili 1961; Abramishvili — Mikeladze 1970).
The Transcaucasian centres developed under the influence of the Near East centre where
carburizing and heat treatment techniques had been employed as early as the 12% century BC.
For example, a sorbitic quenching as a specific method of heat treatment has been docu-
mented by examining a series of iron artefacts from Urartu (Piaskowski — Wartke 1989, 93).
It may be argued that Transcaucasian craftsmen who maintained close cultural and histor-
ical links with Anatolia absorbed both metallurgical innovations and high-tech ironwork-
ing techniques.

These two models appear to reflect different routes by which the knowledge of the use
of iron penetrated into Europe from one centre (Terekhova — Erlikh 2002) located in South-
west Asia. The first route associated with the ‘Caucasian’ model traversed the Transcauca-
sian Region and reached the Northern Caucasus. The second route passed through Greece
and the Balkans to Central and Eastern Europe (fig. 2).

The data discussed above show that different technological models developed in the
Early Iron Age societies although knowledge of ironworking diffused from one source
(Anatolia). It seems that technically advanced methods of ironworking such as carburizing
and heat treatment were developed in Asia Minor at the end of the second millennium BC
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Fig. 2. Map showing directions of the diffusion of iron and the knowledge of iron metallurgy at the decline
of the Bronze Age as suggested by R. Pleiner (2000, 30-31, fig. 8), corrected by authors; gray area: area of
the beginning Iron Age in the Near East (15"-11" centuries BC); hatched areas: areas with a developed
civilization of iron at the decline of the Bronze Age; yellow arrows: hypothesized Thraco-Hallstatt-Venetian
route; blue arrows: Caucasian route; red arrows: Greek and Phoenician routes.

Archaeological sites mentioned in this article: 1 — Lyubovka //lio6oeka/; 2 — Oskol /Ockon/; 3 — Chervonny
Shlakh-1 /YepBoHbi LWnsax-1/; 4 — Tashlyk 1 /Tawneik 1/; 5 — Klin Yar /Kaun-[p/; 6 — Pshish /Mwwnw/; 7 — Ku-
bansky cemetery KybaHckuit morunbHuk; 8 — Psekupsky cemetery/ Mcekynckuit morunbHuk/; 9 — Sofievka
/Codueska/; 10 — Verkhny Bishkin /BepxHuit Buwkun/; 11 — Subbotovo /Cy66oToBo/; 12 — Fars /®apc /;
13 —Serzhen-Yurt /CepxeHb-HOpT/; 14 — Tliysky cemetery /Taniickuit morunbHuk/; 15 — barrow near Vishnevy
Dol /BuwHessiii lon/ village; 16 — Kicevka /Kuueska/ settlement; 17 — Velikaya Topolyakha /Benunkas Tononsixa/
settlement; 18 — Bondarikha /Borgapuxa/ settlement; 19 — Tymchenki /TumueHkw/ settlement.

Obr. 2. Mapa zndzorfiujici sméry diftize znalosti Zelezné metalurgie na konci doby bronzové, navrzena
R. Pleinerem (2000, 30-31, fig. 8) a poopravend autory ¢lanku. Seda oblast: oblast pocatku doby Zelezné
na Blizkém vychodé (15.—11. stoleti pt. n. I.); Srafované oblasti: oblasti s rozvinutou vyrobou Zeleza v zavé-
ru doby bronzové; Zluté Sipky: pfedpoklddana trasa thracko-halstatsko-benatska; modré Sipky: kavkazska
trasa; Cervené Sipky: fecka a fénicka trasa. Archeologické lokality zminéné v tomto ¢lédnku: 1 — Ljubovka;
2 — Oskol; 3 — Cervony Sljach-1; 4 — Ta3lyk 1; 5 — Klin-Jar; 6 — P5i§; 7 — Kubanskoje, mohylové pohtebiité;
8 — Psekupskoe, mohylové pohfebiste; 9 — Sofievka; 10 — Verchnij Biskin; 11 — Subbotovo; 12 — Fars; 13 —
SerZen-Jurt; 14 —Tlijskoe, mohylové pohfebisté; 15 — mohyla pobliz vsi Visnevyj Dol; 16 — sidliSté Kicevka;
17 — sidlisté Velikaja Topoljacha; 18 — sidlisté Bondaricha; 19 — sidlisté Timcenki.

(Fritz et al. 1991; Wheeler — Maddin 1980). However, in the 13"-12" centuries BC links
between the states of Asia Minor and the populations of the Eastern Mediterranean were
disrupted by invasions of the Sea Peoples which hampered the transfer of innovative
technological knowledge along the route going to the west and further to Eastern Europe.
On the contrary, in the case of the north-eastern route that runs across Transcaucasia to the
Northern Caucasus, there was no impediment in the diffusion of the technological know-
ledge. Technological innovations in Transcaucasia and the Northern Caucasus, which
spread in a culturally similar environment were kept by local craftsmen as professional
secrets and did not have a substantial influence on other regions of Eastern Europe. Hence,
the development of the two technological models that emerged as early as the Late Bronze
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Age — Early Iron Age transition period can be linked to two routes via which knowledge
of ferrous metal spread from Anatolia.
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The early iron metallurgy in the Siberian Arctic

Rana metalurgie Zeleza v sibifské Arktidé

Evgeny Vodyasov

Archaeological excavations conducted at the settlement-sanctuary of Ust-Polui, located just north of the
Arctic Circle in Western Siberia yielded the oldest remains of early iron production in the Circumpolar
region of Asia. Ust-Polui archaeological finds associated with metallurgy of iron are dated back to the
3 century BC — 2" century AD. Hence the finds date the origins of metallurgical technologies used in the
north of Western Siberia virtually several centuries back in time and geographically extend the spread of
iron metallurgy between the eras significantly. It seems that Ust-Polui is the most northern point on the
Earth where iron metallurgy was developed by ancient people. The discovery of new iron production site
poses an important question —what are the reasons and ways of appearance of the iron smelting technolo-
gies in the Polar North of Siberia? It is possible that all knowledge was obtained from outside via contacts
with metal producing societies, who lived in the eastern regions of the Ural Mountains (to the southwest
of Ust-Polui), and knew how to produce iron about two thousand years ago.

Circumpolar Region — Siberia — iron smelting — Early Iron Age

Archeologické vyzkumy osady-svatyné Ust-Polui, nachdzejici se severné od arktického kruhu v zdpadni
Sibiri, odkryly nejstarsi poziistatky rané vyroby Zeleza v poldrnich oblastech Asie. Archeologické ndlezy
spojené s metalurgii Zeleza jsou datovdny od 3. stol. pr. n. l. do 2. stol. n. l. Datuji tak pocatky uZivani
metalurgickych technologii v severozdpadni Sibiri prakticky o nékolik stoleti drive a geograficky vyrazné
roz§iruji prostor, v némz se Zeleznd metalurgie mezi danymi obdobimi $irila. Zda se, Ze Ust-Polui je nej-
severnéjsim bodem planety, kde byla starovéeka metalurgie Zeleza rozvinuta. S objevem nové lokality s do-
klady metalurgie Zeleza vyvstava diileZitd otazka — z jakych diivodit a jakym zpiisobem se metalurgie Zeleza
za poldrnim kruhem na severu Sibire objevila? Je moiné, Ze veskeré pozndni bylo ziskdno zvenci pro-
strednictvim kontaktii se spolecnostmi vyrabéjicimi kovy, které Zily ve vychodnich oblastech Uralskych hor
(na jihozdpad od Ust-Polui) a které si osvojily znalost vyroby Zeleza jiZ pred dvéma tisici lety.

polérni oblast — Sibif — vyroba Zeleza — star3i doba Zelezna

1. Introduction

The Iron Age in Arctic Siberia is one of the most interesting and at the same time challeng-
ing periods in the study of ancient societies. The challenges are associated, first of all, with
the extreme lack of archaeological data on iron metallurgy in the vast territory of North-
western Siberia.

Another problem has to do with sources being underexplored, in addition to their scar-
city. Unfortunately, it should be admitted that most publications make scant mention of the
evidence of ancient iron production and hardly ever provide essential information about
contexts, slag weight or amount, its type or morphological properties, furnace schemes or
cross sections, geochemical data, etc. Most often, Russian researchers simply ignore the
huge information potential of slag (Vodyasov — Zaitceva 2010; 2017a). Moreover, even
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Fig. 1. Location of the Ust-Polui
archaeological site.

Obr. 1. Poloha archeologické
lokality Ust-Polui.
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the existing scarce data remains unavailable for the international scientific community as
majority of articles is published in Russian-language journals.

Traditionally it is believed that people of the Arctic Siberia had been unable to pro-
duce iron artefacts. Allowing this option was hard for the lack iron production 1000 BC —
1000 AD sites discovered in the region ‘Due to the Lower Ob River basin being under-
explored, we have no sufficient information to trace back the earliest iron production
sites’, Valery Chernetsov wrote (Chernetsov 1953, 231). Today, as over half a century has
passed since Chernetsov’s cited work was published, the situation has changed very little.
As Sergey Parkhimovich indicates, ‘Despite the ample archaeological fieldwork in the taiga
zone of Northwestern Siberia conducted over the last decades, the question how local iron
metallurgy was born and developed remains under investigated. Hundreds of early Iron
Age and medieval artifacts have been excavated to varying extents all over the broad
territory that includes the Lower and Middle Ob /O6s/ River areas as well as the Lower
Irtysh /Mptem/ River region, yet evident remains of metallurgical furnaces have only
been discovered by the Konda /Konzma/ River and in the lower reaches of the Irtysh River’
(Parhimovich 2013, 100).

The smithies of the first millennium AD in the basin of the Bolshoy Yugan /bonbmioit
IOran/ River of Surgut Ob /Cyprytckoe [Iprnodse/ River Region used to be considered the
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Fig. 2. Slag and furnace wall (lining) from Ust-Polui, Peter the Great Museum of Anthropology and Ethno-
graphy (the Kunstkamera). Vasily Adrianov’s expedition of 1936. 1-4 — blacksmith slag, 5 — furnace clay
wall (lining). Photo by A. Gusev.

Obr. 2. Struska a sténa (vymaz) pece z Ust-Polui, Petrovo velké antropologické a etnografické muzeum
(Kunstkamera). Arch. expedice Vasila Adrianova v roce 1936. 1-4 — kovarska struska, 5 — hlinénd sténa
(vymaz) pece.

most northern and ancient (reliably dated) sources on iron metallurgy in Western Siberia
(Chemjakin 2011). However, the smithies only proved that the population of Western
Siberia’s taiga zone had smithing but not smelting technologies.

Evidence of iron metallurgy in the ancient sanctuary of Ust-Polui /Yctp-Ilomyii/ became
a prominent scientific discovery. The ancient sanctuary of Ust-Polui is one of the most
extraordinary archaeological sites in Western Siberia. An extremely rich cultural layer with
numerous finds such as bronze, bone and wooden art objects, along with excellently pre-
served organic matter, have made Ust-Polui a reference site for studying the Early Iron Age
in Northern Eurasia. The site is located to the north of the Arctic Circle (fig. 1), in Salek-
hard /Canexapa/ (the lower reaches of the Ob River, Northwestern Siberia), and dates back
to the cusp of the eras.

Excavations at Ust-Polui began in 1935-1936 under direction of Vasily Adrianov.
The site was also excavated by Valery Chernetsov and Vanda Moshinskaya in 1946, Nata-
lya Fedorova’s expedition in 1993—-1995 (Fedorova — Gusev 2008), and Andrey Gusev in
2006-2015.

There has been ongoing debate whether Ust-Polui is a settlement or a sanctuary, as well
as debate over the number of layers and stratigraphic dating. However, iron-smelting and
smithing facility remains discovered by Andrey Gusev in 2010, 2012 and 2015, and their
further study, making an invaluable contribution to research on the origin of iron metallurgy
in the Arctic, is the point of this study. Both radiocarbon and archaeological dating have
revealed that both the furnaces and slag come from the period between the 3% century BC
and the 2™ century AD. Up to date, the discovered traces of iron metallurgy are the most
ancient and the only dating from the Early Iron Age in the Arctic. The results of the study
of the Ust-Polui iron metallurgy are for the first time summarized in this article.
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2. Archaeological evidence of iron metallurgy at Ust-Polui

The first fragments of slag and furnaces were found at Ust-Polui by Vasily Adrianov as
early as 1936, but Adrianov did not identify his finds as remains of iron production and
never revealed them to the public. All the known pieces of slag excavated in 1936 are
smithing slag (fig. 2). Of special interest is the slag cake (fig. 2: 1), 8 cm in diameter and
3 cm thick. The formation of the slag cake marks the necessary stage of an iron bloom
processing (McDonnell 1991; Pleiner 2000, 255). A bloom taken out of furnace and, when
still hot, forged immediately to became more compact and free of slag, should later be
reheated in a hearth to be forged and cleaned of any remaining slag. At high temperatures
in a hearth (over 1200 °C), slag drains down the bloom and solidifies under a tuyere or at
the bottom of the hearth in the form of plano-convex ‘cake’. Unfortunately, there is no
information on whether furnaces themselves were found, or whether all the slag was in-
cluded in the collection or not. Neither the context nor the location of the finds are known.
For this reason, we cannot make any conclusion more precise than that the population of
Ust-Polui, regarding the finds from 1936, might have been able to forge ‘raw’ iron blooms.

3. Archaeological evidence of 2010-2012 and 2015

Remains of iron metallurgy at Ust-Polui were first documented and identified in 2010-2012.
An important find made during the 2010 expedition was a large slag cake (fig. 3: I) evi-
dencing iron production at Ust-Polui as such. The cake (sample No. 2438) had a weight
of about 2,500 g, a diameter of 20 cm, and a density of 2.6 g/cm®.

This type of slag (furnace bottom) is formed at the bottom of a bloomery furnace that
has no special canal for tapping liquid slag from the hearth. As a result, slag flows down on
to the so-called ‘carbon bed’ (a layer of hot coal), taking the specific plano-convex form.
Despite being similar in their form to smithing slag cakes, furnace bottoms are larger in size
and can weigh up to a few kilos, while smithing slag cakes weigh on average 300400 g
and rarely exceed 15 cm in diameter (Pleiner 2000, 216-217).

The first iron production site at Ust-Polui was explored by Gusev’s expedition in 2012
(Vodyasov — Gusev 2016). A 2x1.2 m stain of an up to 0.15 m thick carbonaceous layer
filled with soot and fish bones was stripped; a fraction of slag was also found within the fea-
ture. The furnace might have been right on that spot, but its design is impossible to repro-
duce as very little has survived. Associations of bloomery walls, fragments of clay lining,
and slag were found on the slope and at the bottom of a ditch about 1-3 m to the north.

All the furnace walls and lining fragments have a lot of slag in them, its total weight being
about 0.5 kg. Slag is represented by small fractions of smithing cakes no larger than 7 cm
in diameter and about 1-3 cm thick (fig. 3: 3). Nearly all of them cracked and chipped off.
They are likely to have been formed during further smithing operations rather than ore
smelting. Most probably, there was a smithing hearth over that part of the ancient ditch.

The iron production site was abandoned as soon as the work was finished, and slag and
wall fragments later shifted and slipped down the slope as a result of archaeological pro-
cesses. It is not improbable, however, that ancient smelters simply disposed of waste by
dumping it down the ditch.
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Fig. 3. Slag and bloom fragments. 1-2 — slag excavated in 2010, 3 — slag excavated in 2012, 4-12 —slag
excavated in 2015, 13 — bloom excavated in 2015.

Obr. 3. Fragmenty strusky a Zeleznych hub. 1-2 — struska z vyzkumu z r. 2010, 3 — struska z vyzkumu
zr. 2012, 4-12 — struska z vyzkumu z r. 2015, 13 — Zelezna houba z vyzkumu z r. 2015. Foto E. Vodyasov.

For dating purposes, it is especially important that iron was produced at the same time
that the ditch was functional, which follows from the context of the iron production re-
mains discovered in 2010-2012 in various parts of Ust-Polui. Even if we assumed that the
metallurgical installations could have appeared much later, when the ditch had already
been filled with earth and organic matter, it would be hard to explain how the metallurgical
waste distributed so evenly along the edges of the ditch and spread to its slopes and bottom,
too. One piece of slag was found right next to the bridge over the ditch. Using a wood
sample, the Laboratory of Dendrochronology of the Institute of Plant and Animal Ecology
(Ural Branch of the Russian Academy of Sciences) determined the chronological date of the
bridge to be 77-76 BC (Gusev — Fedorova 2012, 21). It should be made clear, however,
that dendrochronological dating determines the age of the bridge, not that of the ditch, so



340 Vobyasov: The early iron metallurgy in the Siberian Arctic

Fig. 4. The ancient sanctuary of Ust-Polui. Remains of a bloomery furnace (expedition of 2015). Photo by
A. Gusev.
Obr. 4. Starobyla svatyné v Ust-Polui. Zbytky Zelezatské pece (expedice v r. 2015).

it is entirely possible that the fortification could have existed within a broader time period,
namely from the very end of the first millennium BC to the early first millennium AD.

In order to date the iron production site investigated in 2012, two samples of charcoal
were taken from the ditch and dated by the Laboratory of Geology and Cenozoic Climate
(Siberian Branch of the Russian Academy of Sciences). The resulting calibrated dates
are as follows: COAH-9421 — 2030+105 BP (cal 178 BC — 75 AD) and COAH-9422 —
2150+100 BP (cal 236 BC — 88 BC). As we can see, these dates match the period between
the 3% century BC and the 1* century AD.

Since all the remains of iron production found in 2010-2012 were attributed to the ditch,
the period of time specified above can be taken as the earliest date of such production.
The same timeframe embraces the most of the period when the Ust-Polui cultural layer
was accumulated.

The largest metallurgical site at Ust-Polui was explored at the inner side of the ditch
in 2015. It was located about 40 m south of the slag accumulations found in 2012.

The finds included remains of an iron-smelting furnace and the smithing hearth (Vodya-
sov — Gusev — Asochakova 2017). The 30-35 cm diameter base made of rock debris and
clay has been preserved, and surrounded by furnace walls (fig. 4). Some 1-2 cm fragments
of clay lining with adhered slag were found on the same spot.

It is difficult to reconstruct the height of the furnace, but it was hardly more than 0.5 m,
as judged by the amount of wall fragments. A 1.5 cm tap channel was a curious engineer-
ing feature of the furnace (fig. 4). The channel for taping liquid slag was located by the
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very base from the western side. A slag monolith was discovered right by the tap hole.
That was the first reliably documented record of slag tapping in Northwestern Siberia
dating back to the Iron Age. Bloom forging was carried out in immediate proximity to the
furnace: an accumulation of tiny slag pieces of 1-3 cm in diameter, small smithing cakes,
and a fragment of bloom were found 0.5 m south-east of the furnace (fig. 3: 13).

Apart from iron production waste, the stones and slag also reveal traces of bronze cas-
ting: tiny bronze drippings, a small fragment of a flat-bottom crucible, and a wall of a bronze
boiler. The fact that remains of bronze casting were discovered together with iron slag
might be indicative of the multi-purpose nature of this feature.

A ceramic vessel lip was lying close to the tap channel (fig. 4). Numerous similar cera-
mic fragments have been excavated within the main complex of Ust-Polui (Moshinskaja
1965, 23, fig. 11) and in the contemporaneous site of Katravozh /Karpasox/. Beyond the
lower reaches of the Ob River, such vessels have been found in large numbers in Surgut
Ob River Region (Chemjakin 2008, 180, fig. 74) and Tomsk Region /Tomckas ob6macts/
(Chindina 1984, 249, fig. 43). The latter two studies attribute them to the Sarovo period of
the Kulay culture /Kymatickas kynerypa/ and date them back to the last centuries BC — first
centuries AD. The major Ust-Polui stratum containing such fragments has been dated to
the period between the 2™ century BC and 1% century AD.

Dating was performed using a sample of charcoal embedded in smithing slag and other
production waste. Upon calibration in OxCal, the investigated complex was dated to the
2 century BC — 2 century AD (fig. 5).

4. Results of archaeological surveys of iron metallurgy at Ust-Polui

The surviving archaeological evidence of early iron production in the Polar region allow
reconstructing some iron-making techniques of the Early Iron Age in the Circumpolar
region of Siberia. The metallurgical features and types of slag provide direct evidence of
use of iron making and processing technologies by the ancient Ust-Polui society.
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No | Slag No | SiO; | TiO. | Al,O; | *FeO | MnO | MgO | CaO | Na:O | K.O | P,Os S Sum
1 2979 |21.83| 0.16 | 5.16 |48.68| 0.18 | 2.48 | 3.91 | 1.50 | 1.37 | 5.01 | 0.10 |90.37
2 2438 |29.77| 0.25 | 6.34 |44.36| 0.17 | 2.54 | 7.42 | 0.72 | 1.91 | 2.56 | >0.01 | 96.06
3 1776 |36.47| 0.35 | 6.68 |39.05| 0.04 | 3.16 | 6.43 | 0.91 | 1.57 | 1.59 | 0.016 | 96.28
4 | 4/940 | 4037 | 0.41 | 11.68 | 29.66 | 0.121 | 5.86 | 5.87 | 0.34 | 0.88 | 0.60 | 0.004 | 95.78
5 | 7/1527 | 48.06 | 0.55 | 8.86 | 25.86|0.311 | 3.11 | 449 | 2.23 | 213 | 0.79 | 0.006 | 96.38
6 | 9/912 |33.45| 0.43 | 7.51 | 40.17 | 0.037 | 3.10 | 4.49 | 1.65 | 1.54 | 1.34 |>0.001 | 93.71
7 |10/1429|26.20| 0.50 | 7.82 |36.06|0.405| 3.78 | 9.39 | 2.30 | 2.41 | 6.40 |>0.001|95.26
8 | 13/927 |29.39| 0.34 | 711 | 41.23|0.153 | 2.80 | 6.73 | 0.16 | 1.65 | 3.66 [>0.001 |93.21
9 | 15/931 | 25.50| 0.30 | 6.66 | 41.93 | 0.144 | 2.37 | 8.75 | 0.15 | 1.80 | 5.62 |>0.001 | 93.23
10 | 19/945 | 31.67 | 0.31 | 6.90 | 42.45|0.068 | 3.63 | 4.21 | 2.40 | 0.95 | 1.02 |>0.001 | 93.61
11 120/1277 | 37.71 | 0.53 | 10.69 | 30.17 | 0.155 | 4.51 | 6.05 | 2.52 | 2.06 | 1.94 | 0.006 | 96.34
12 | 21/1349 | 29.10 | 0.28 | 5.21 [49.39]0.001 | 2.42 | 3.78 | 0.16 | 0.27 | 0.48 | 0.001 | 91.11

Notes: **FeO=FeO+Fe,O,. No. 1-2 — slags from excavation 2010, 3 — slag from excavation 2012, 4-12 —
slags from excavation 2015.

Table 1. Slag XRF analysis (wt%). The analyses were performed on The Oxford ED2000 X-ray fluorescence
(XRF) analyzer by E.M. Asochakova (Tomsk State University).
Tabulka 1. XRF analyza strusky (hm%).

Two types of furnaces were used to produce iron. The first type is represented by a small
heating furnace with no liquid slag tapping. Furnaces of this type have not been found at
Ust-Polui, but their existence in the ancient times is proved by large slag cakes excavated
in 2010. Such furnaces were made of clay, as judged by associations of wall fragments
discovered in 2010-2012. Their original design is impossible to reproduce.

Furnaces of the second type, made of stones and clay, had a small above-ground shaft
and a special hole near the base for tapping slag during smelting. This slag-tapping tech-
nology increased the furnace productivity, and its use indicates a rather high level of iron
production at the time. Only one furnace with a slag trough has been found at Ust-Polui
(at an iron production feature excavated in 2015).

Charred bones found in two metallurgical features in 2012 and 2015 had most probably
been used by smelters as fluxes to promote slag fluidity and reduce iron losses during slag-
ging. Archaeological remains and radiocarbon dating results reveal that furnaces of different
types coexisted between the 3™ century BC and the 2™ century AD Back then, iron pro-
duction and processing at Ust-Polui was concentrated along the fortified edge of the ditch.

The Ust-Polui slag is characterized by an elevated calcium oxide concentration of 6 %,
which is its distinctive feature (fable I). Concentration of calcium oxide is affected by ore
composition, fuels and fluxes (Crew 2007). Such a high percentage of calcium in ancient
slag is associated with charred animal bones that were added to charge as fluxes. For com-
parison, average CaO concentration in archaeological slag from other sites in Western

Pb
0.51

Sum
99.99

Ni
0.06

Cu
0.13

Zn
0.03

Fe
98.2

Mn
1.06

Table 2. Bloom fragment XRF analysis (wt%). The X-ray fluorescence analysis was performed by Yu.A.
Podosenova (Perm Scientific Center, Ural).
Tabulka 2. XRF analyza fragmentu Zelezné houby (hm%).
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Siberia is only 1.2 % (Zinyakov 1997; table 2). Elevated concentrations of manganese (Mn)
in the bloom were also documented by X-ray fluorescence analysis (fable 2). Manganese
passes from ore into slag, substituting some of the iron and combining with Si0,; hence Mn
acts as a slag-forming ingredient (see e.g. Pleiner 2000, 136).

Phosphorus (P) affects both physical and mechanical properties of iron. Based on the
finds from 2010-20135, the average concentration of PO, in Ust-Polui slag is 2.5 %. Con-
centration of phosphorus in iron can be estimated using the Piaskowski’s formula (Piaskow-
ski 1965; Pleiner 2000, 265): P (iron) = (0.12-0.35)xP,0O, (slag). It follows that iron pro-
duced by ancient Ust-Polui smelters contained about 0.3-0.8 % of phosphorus, i.e. it was
a high-phosphorus iron (Piaskowski 1988). High concentrations of phosphorus enhanced
mainly hardness and brittleness of iron (Pleiner 2000, 265). Phosphorus in iron ores also
prevented iron from carburization during smelting (Zavyalov — Rozanova — Terehova 2009,
62). Therefore, smelting high-phosphorus ores yielded iron with low carbon content.

J. Piaskowski believed that the concentration of phosphorus in iron product can be used
to identify the type of ore smelted. High-phosphorus iron (0.18-1 % of P) was usually
produced from limonites (bog iron ores; Piaskowski 1988). Radomir Pleiner states that
limonites were an important source of ore in ancient iron making as they got easily deox-
idized in furnace and could be found pretty much anywhere in Northern Eurasia (Pleiner
2000, 88). Limonites are often referred to as ‘bog ores’ in Russia, while Scandinavian
researchers dub them as ‘lake ores’. Bog iron ores normally have high concentrations of
phosphorus (0.5-3 %) and manganese (Pleiner 2000, 88). As described above, these two
elements passed from ores to bloomery iron and slag of Ust-Polui in calculable propor-
tions. Ancient Ust-Polui smelters might have mined limonites in the basin of the River Ob.
However, high concentrations of phosphorus in slag could have also been caused by add-
ing fluxes, so any conclusions about the type of ores smelted would be premature today.
Unfortunately, no iron ore have been found in any of the expeditions. Raw material must
have been prepared outside the site, probably close to ore deposits. Most importantly, iden-
tical chemical composition of slag from different Ust-Polui excavations (tab. I) indicates
that all of it came from the same deposit.

The weight of slag excavated at Ust-Polui totals about 8 kg. Naturally, such small-scale
iron-making operations at Ust-Polui only capture the very first steps in the evolution of
iron making technology in the Arctic at the turn of the AD era. However, it cannot yet be
excluded that major iron production sites could have been located outside the archaeolog-
ical site of Ust-Polui. Besides, as mentioned above, the exact amount and weight of slag
excavated in all Ust-Polui excavations of the 20" century remains unknown.

5. Phenomenon of the earliest iron production in the Siberian Arctic

Only five iron smelting sites of the Early Iron Age are known today in the whole Western
Siberia. All of them are located at least 1,000 km further south than Ust-Polui.

The only Early Iron Age metallurgical site in the basin of the River Ob (before the
Ust-Polui site was discovered) had been a furnace dating to the 1 century BC — 4" cen-
tury AD, which was found at Sarovo /Capogo/ hillfort, modern Tomsk Oblast (Chindina
1984, 105-106, 141). Lyudmila Chindina, who led the excavation works, believes that the
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furnace had been used for iron smelting and concludes that iron had been smelted in pots
(1), yet no substantiation is provided (Chindina 1984, 141).

In the basin of the Irtysh River, remains of iron production dating to the specified pe-
riod have been excavated at Rafaylovo /Padaiinoso/ and Andreevo-VII /Aunpeeso-VII/
hillforts of the 7"-5" centuries BC and Duvan-II //TyBan-11/ settlement of the first millen-
nium BC - early first millennium AD (Zinyakov 1997, 228-229; Beltikova 2005, fig. 2).
Rafaylovo and Andreevo-VII hillforts are associated with the eastern area of the Itkul
/Mtkyns/ center of iron production (Beltikova 2005). Duvan-II settlement belongs to the
Sargat culture /Caprarckas kynabsrypa/ (Koryakova 1988). Given the small number of Ear-
ly Iron Age archaecometallurgical objects in the wide lands of Western Siberia, a question
arises naturally, how iron-making technologies could penetrate the territory as far north as
to the Siberian Arctic.

We have no other evidence of iron production or processing in the Arctic region at the
cusp of the two eras. The Middle Ages are the earliest period to which iron metallurgy sites
in the Scandinavian Arctic date, while all the other Early Iron Age furnaces are located
much further south of the Polar Circle (Stenvik 2003, 125). There is no data on Early Iron
Age bloomeries found anywhere in the polar region of North Asia. The earliest evidence of
iron production in North America (Newfoundland Island) date to as late as the 10"-11™ cen-
turies AD and relates with Vikings’ expeditions (Ingstad 1969). Ust-Polui may thus be
the most northern point on Earth where humans produced iron in the ancient times.

We believe that such unexpected emergence of a small iron production center in the Far
North should be associated with the spread of Ural iron-making traditions, which forced
out bronze casting in the Ural completely and expanded beyond the region in the 3™ cen-
tury BC (Koryakova — Kuzminykh — Beltikova 2011, 12—-14). The conception and develop-
ment of iron metallurgy in the Ural in the first millennium BC, amidst the Ananyino culture
/AnanbuHcKas KyneTypa/, was favored by numerous deposits of high quality iron ores.
It is important that the Ust-Polui site virtually borders the Polar Urals in the west (the Ural
Mountains are 60 km from Ust-Polui). The influence of the Ananyino culture traditions
reached as far as the Polar Urals. A number of researchers believe that it was not until the
middle of the first millennium BC that iron artifacts appeared on the northern periphery
of the Ananyino culture (Kuzminykh — Chizhevsky 2008, 37). Unfortunately, no research
paper summarizing the results of complex surveys of iron production in this culture has
been found. The study of Ural metallurgy of the first millennium BC is much better repre-
sented in papers on smithcraft (Zavyalov — Rozanova — Terekhova 2009), which touch only
slightly upon iron smelting.

The iron-making technology of the Ananyino culture was inherited at the end of the first
millennium BC by members of the successive Glyadenovo culture /I isiieHoBCKast KyabTy-
pa/, contemporaneous to Ust-Polui metallurgy. However, it appears impossible to compare
Ust-Polui iron production technology to that of Glyadenovo due to the very low degree of
exploration of the latter. Very little is known about Glyadenovo furnaces, iron working
characteristics and the level of ancient production development (Zavyalov — Rozanova —
Terekhova 2009, 87-88). Much more information is available on the Itkul metallurgy of
the 83" centuries BC, the center of which was located on the eastern slopes of the Urals
(Beltikova 2005; Koryakova — Epimakhov 2007, 196; Koryakova — Kuzminykh — Beltikova
2011, 13).
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Despite varying degrees of exploration of Early Iron Age metallurgy across regions of
the Urals, there is no doubt of the fact that iron began to be produced in the Urals much
earlier than in Western Siberia. It could have been the Ural traditions that came to the north
of Western Siberia along the left tributaries of the River Irtysh (Vodyasov — Zaytseva 2017b).
A single center of production could have developed at Ust-Polui, in the lower reaches of
the Ob River, as a result of culture contacts or even individual migrations of the Ural people,
which had mastered new technologies by the cusp of the eras. Anyway, there surely must
have been an external cultural impetus that prompted the spread of iron metallurgy to such
high northern latitudes. It is hard to think of any other areas in Northern Eurasia apart from
the Ural Region that could have been the source of such impetus at that time.

It should also be noted that the spread of iron-making technologies to the north had its
natural limits, too. Ust-Polui lies within a climatic zone where forest tundra passes into
treeless tundra areas. Iron production could hardly develop at any point in time in tundra
without charcoal fuel as a crucial resource. It was the borderline between forest tundra
and tundra that became sort of a culture limit to the penetration of iron metallurgy. This
ecological niche provided ancient people with all the necessary mineral sources: iron ores
and fuelwood.

6. Conclusion

Summing up the results of a complex study of iron metallurgy at Ust-Polui, it makes sense
to enumerate the major findings and hypotheses. Firstly, iron production and smithing tech-
nologies were born in the Circumpolar Region of Western Siberia as early as on the cusp
of the eras. The ancient settlement-sanctuary of Ust-Polui is the most northern and the only
point in the Arctic region where evidence of Early Iron Age iron metallurgy has been found.
Secondly, ancient Ust-Polui blacksmiths built bloomeries using clay and stone walls, used
charred animal bones as fluxes, and knew how to tap liquid slag. Thirdly, the identical geo-
chemical composition of slag from different excavations indicates that the same technol-
ogy was used all around the region and ores were mined from the same deposit. Limonites
in the lower reaches of Ob River could be such sources of ores, but this hypothesis is yet to
be verified in a separate study. Fourthly and finally, the development of ancient iron pro-
duction in the Arctic regions must have been prompted by migrations of metal-producing
cultures from the Eastern Urals, where iron metallurgy had developed long before it was
transferred to the lower reaches of Ob River.

This research was supported by ‘The Tomsk State University competitiveness improvement programme’ grant
(No 8.1.2.28.2018).
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New light on old iron: recent work on Iron Age
iron production, consumption and deposition in Britain

Staré Zelezo v novém svétle: nejnovéjsi studie vyroby, spotfeby

a deponovdni Zeleza v dobé Zelezné v Britanii

Peter Halkon - Zechariah Jinks-Fredrick

Over the last decade, there has been a noticeable increase in the number of projects and discoveries relating
to Iron Age iron in the UK. These include the discovery of one of the earliest smelting furnaces at Messing-
ham, North Lincolnshire, an extensive industry along the Thames Valley and finds of iron objects includ-
ing swords and spearheads within the graves of the Arras culture of Eastern Yorkshire, for example at
Pocklington. There has also been an encouraging increase of the number of PhD theses being undertaken
in UK universities on early iron objects and their production and deposition, including those supervised
and examined by the writer. This contribution will consider the origins of iron production in Iron Age
Britain and the relationship between iron production, its uses and the deposition of iron artefacts within
the landscape in the light of these recent discoveries.

iron — Britain — Early Iron Age — smelting — deposition

Béhem posledniho desetileti doslo k vyraznému ndriistu poctu projektii a objevii souvisejicich se Zelezem
doby Zelezné ve Velké Britdnii. Patii mezi né objev jedné z nejranéjsich tavicich peci v Messinghamu v se-
vernim Lincolnshiru, rozsdhla vyroba tradicnich ndstrojii podél iidoli TemZe a ndlezy Zeleznych predmé-
tit véetné mecit a hrotii kopi v hrobech arrasské kultury vychodniho Yorkshiru, napiiklad u Pocklingtonu.
Doslo také k povzbudivému ndriistu poctu doktorskych praci realizovanych na britskych univerzitdach (né-
které pod autorovym vedenim), zabyvajicich se nejstarsimi Zeleznymi predmeéty a jejich vyrobou a depo-
novdnim. Prispévek se zabyva pocdtky vyroby Zeleza ve Velké Britdanii a vztahy mezi vyrobou Zeleza, jeho
pouZitim a ukldddnim Zeleznych artefaktii v krajiné ve svétle téchto nejnovéjsich objevii.

Zelezo — Briténie — star3i doba Zelezna — taveni — deponovani

This article aims to provide a review of recent work being undertaken on iron in Iron Age
Britain, focusing on aspects of production, consumption and deposition. Some of the ear-
liest iron objects yet discovered are socketed axe heads, replicating copper alloy examples
(fig. I; Rainbow 1928; Manning — Saunders 1972; Boughton 2015). These demonstrates
considerable skill at this early period, as unlike copper-alloys, iron had to be forged and
pieces welded together. The process of iron smelting, bloom refining and forging of arte-
facts is more complex than the manufacture of non-ferrous artefacts. The pattern of dis-
tribution of these axe heads is interesting as the majority were found south of a line be-
tween the Wash and Severn estuary, with a concentration along the River Thames and in
South Wales (Boughton 2015; Jinks-Fredrick 2017). Further examples have been recorded
through the Portable Antiquities Scheme (https:/finds.org.uk/) in North Yorkshire (Collins
2014) and Norfolk (Rogerson 2016). Of the five Scottish examples recorded by Boughton
(2015, 144, fig. 5.59) all are near rivers or the coast.
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Other items usually made in copper alloy include sickles and pins, like those found in
the Llyn Fawr hoard, which was probably a ritual deposit in this south Welsh Lake around
750-600 BC, along with a range of copper alloy objects including cauldrons, weapons and
horse trappings (Fox — Hyde 1939; O’Connor 2007; Needham et al. 1997). The Hallstatt C
iron sword from Llyn Fawr is another example of the replication in iron of an item nor-
mally made from copper alloy and shows considerable skill on the part of the blacksmith
responsible.

The earliest recorded iron objects from East Yorkshire are a pin or part of an iron loop
and ring from Staple Howe (Brewster 1963) a small hill fort on the northern edge of the
Yorkshire Wolds dating from Cal BC 753—-402 (1 sigma) 765-350 (2 sigma) (Dent 1995;
2010). Further to the East along the North Sea coast, at Scarborough Castle, pieces of iron
rod were found with Ewart Park phase copper alloy objects in pits (Smith 1928; Challis —
Harding 1975, 46). Iron fragments were also discovered in ditch fills at Grimthorpe Hillfort
(Stead 1968, 166, 5-7) dating from 1150-400 BC.

A number of contenders have been proposed as the earliest place for the manufacture
of iron in Britain (fig. 2). At Hartshill Copse, Upper Bucklebury, Berkshire (Collard —
Darvill — Watts 2006) hammer scale was found in a late Bronze Age context dating from
the 10" century BC. Other early iron production sites include Aldeby, southern Norfolk,
where furnaces and slag were found during a watching brief along with later Bronze Age
and early Iron Age pottery (Trimble 2001). At Shooter’s Hill, London (Dungworth — Me-
pham 2012) 63 kg of slag from smelting was discovered in a ditch with later Bronze Age
or early Iron Age pottery dating from c. 700-400 BC. At Broxmouth, East Lothian, Scot-
land, extensive evidence for iron production was found associated with a hillfort dated to
800400 BC (Armit — McKenzie 2013).

In 2016, however, the earliest conclusive evidence for iron production in Britain so far
was found in the shadow of the Scunthorpe steelworks at Messingham, North Lincoln-
shire, consisting of a furnace and 630 kg of slag. Charcoal samples from within the furnace
structure and outside provided C dates of c. 780-590 Cal BC (Pitts 2016).

These sites share a number of characteristics. Both Hartshill Copse and Shooter’s Hill
are situated relatively near to the Thames Valley, Aldeby lies close to the River Waveney,
10 km from the North Sea at Lowestoft, and Broxmouth is near the Firth of Forth in Scot-
land, and the North Sea. Further north, a cluster of Iron Age iron production sites has been
identified around the Moray Firth (Cruikshanks 2017). Messingham lies close to the valley
of the River Trent and 20 km south of the Humber estuary itself.

All these rivers are tidal and connected to the North Sea basin, albeit at some distance
in the case of the Thames Valley sites. These locations provide access to already well estab-
lished European communication networks and although independent insular innovation is
possible, iron objects and perhaps iron production itself may have arrived by these routes
and that ‘connections across regions (are) implied by the sharing of new technologies and
artefact types’ (Webley 2015, 126). Cunliffe (1995) has proposed that the Atlantic seaways
of western Britain may have been a conduit for the introduction of iron technology from
the European continent, which appears to correlate with the distribution in Britain of later
Bronze Age iron objects and Carp’s tongue style swords (Collard — Darvill — Watts 2006).
A cluster of such swords in north-western France also supports Cunliffe’s (2005, 72) idea
of zones of influence and contact.
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Confirmation of the apparent relationship between early iron production sites and tidal
river systems can also be seen within the Foulness Valley, East Yorkshire where long-term
research has led to the discovery of a substantial industry (Halkon 1997a; 2012; Halkon —
Millett 1999). During a programme of field walking, 18 iron production sites were iden-
tified within an 8 x 8 km landscape block, the majority around the head of a tidal estuarine
inlet of the River Humber. This inlet was created by a combination of factors including
a tidal incursion somewhere between 800 and 500 BC and raised sea levels of around
0.7 m OD (Halkon — Innes 2005; Coles 2010). This opened up the region to trading net-
works established for a considerable time, as a number of Bronze Age and Neolithic items,
including All Over Corded Beakers, are thought to be derived from continental Europe
(Manby — King — Vyner 2003, 58).

The means by which such communication could be undertaken is well illustrated by the
Bronze Age North Ferriby boats found on the northern shore of the Humber. These date
from 1940 to 1680 Cal BC (Wright et al. 2001) and part of a similar vessel from Kilnsea,
on the Holderness coast dated to 1870-1670 Cal BC (Van de Noort et al. 1999). So far,
no Iron Age sea going vessels have been found in this region, although there is a cluster of
log boats around the Humber Basin. These include the Hasholme boat, constructed from
an oak with a felling date of 322-277 BC (Millett — McGrail 1987), the South Carr Farm log
boat (Halkon 1997b) and Brigg boat in North Lincolnshire (McGrail 1990). The Hasholme
and South Carr Farm boats sank in the tidal estuarine inlet and creek system mentioned
above and may relate to iron production sites at Hasholme and North Cave.

At Moors Farm, Welham Bridge, a slagheap was found which contained over 5.3 ton-
nes of slag (Halkon — Millett 1999). Charcoal within the slag was radiocarbon dated to
400-200 Cal BC (68%) and 410-170 Cal BC (95%) (HAR 9234) and 520-390 Cal BC
(68%) 770-370 Cal BC (95%) (HAR 9235). Further east along the Foulness Valley there
were clusters of iron production sites at Bursea and Hasholme, Holme-on Spalding Moor
(Halkon — Millett 1999) and to the east of the Walling Fen tidal inlet at North Cave (Dent
1989; Halkon 2014; McDonnell 1988).

To the east up the Humber estuary, Iron Age iron production was found along the River
Hull at Thearne (Campbell 2008; Halkon 2014), and Arram (Wilson et al. 2006). At Elms-
well, near the headwaters of the River Hull, a heap of around 1.5 tonnes of slag was exca-
vated on a site with Iron Age, Roman and Anglo-Saxon activity (Congreve 1938) although
it is not certain to which of these periods the heap belongs, the excavator’s description
implies that an Iron Age date is most likely.

The riverine and wetland distribution of these early iron production sites can also be
explained by the availability of raw materials, particularly deposits of bog ore. In the case
of the Foulness and Hull Valleys, recent analysis of smelting and smithing slag confirms
the use of high phosphorus bog ores (Hall 2017). In many general books on Iron Age Bri-
tain the ubiquity of iron ores is referred to (e.g. Harding 2014, 90; Cunliffe 1991, 453) and
the presumption made that any iron ore could be smelted using Iron Age technologies.
Subsequent experimental archaeology, however, has demonstrated that iron production
is much more complex than previously thought and some of the better-known ‘modern’
deposits were not fully exploited until the introduction of the Bessemer process. This is
supported by Schriifer-Kolb (2004, 16) who states, ‘... the economic assessment of ore
sources is a complex undertaking and the simple plotting of chemical data against each
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other is an over-simplification. Ancient resources must not be measured against modern
standards’. Ore resources, particularly siderite ores from the Jurassic ridge, which runs
from the Bristol Channel to the North Yorkshire Moors, were exploited during the Iron Age
and Roman periods, particularly in the East Midlands in Northamptonshire, with a site at
Great Oakley, near Corby, thought to be one of the earliest in this region (Schriifer-Kolb
2004, 52; Jackson 1982). The area around the hillfort at Hunsbury is thought to have been
a further centre for iron, although this is partly based on the concentration of currency bars
there (Schriifer-Kolb 2004, 105), artefacts which will be discussed later.

At Trevelgue Head, Cornwall, once thought to be the earliest large iron producing site
in Britain, siderite ores, from a lode running through the headland, with surface deposits
eroded to limonite and goethite, were exploited (Dungworth 2011) however the amount
of slag found there is relatively small compared to more recently discovered sites.

It is noticeable that in these early stages of iron production, objects made of iron tend
to be relatively small, and the full potential of the metal little understood. By the middle
Iron Age, there appears to be a radical change, demonstrated most clearly by the contents
of chariot burials, the earliest so far found in Britain being at Newbridge, Edinburgh,
dating from 5" century BC (Carter — Hunter — Smith 2010). The shrinking of iron tyres
onto wheel rims without nails represents a major innovation in blacksmithing. It had been
suggested that this technique was developed in the Aisne-Marne region of France, arriving
in the environs of Paris and East Yorkshire around the same time in the late 4™ century BC
(Anthoons 2007, 2011). New radiocarbon dates, however, show that the seven chariot
burials around Wetwang and the outlying Yorkshire example from Ferry Fryston (Brown
et al. 2007), date from ‘no more than a few decades around 200 Cal BC, some two centur-
ies after the main phase of vehicle burial in northern France and the middle Rhine’ (Jay
et al. 2012, 182; Hamilton — Haselgrove — Gosden 2015). All but two of the 27 chariot
burials known so far from Britain have been found in Eastern Yorkshire, most recently in
2017 at Pocklington (Symonds 2017) and on a site to the south of this region, between the
Yorkshire Wolds and the Humber banks (Paula Ware pers. comm.).

Over the last two decades, experimental archaeology has provided insights into Iron
Age iron production and demonstrated the considerable time and resources required for its
production (Crew 2013). It has been estimated that the chariot fittings including the tyres
would have needed around 36 kg of iron. Based on Crew’s calculation this would have
required a total of some 288 person days. A strong relationship between control of iron
production and social status within Middle Iron Age society in this region may be possible.
It may not be coincidental that the cemeteries with the most chariot burials at Arras and
Wetwang are relatively close to the iron producing zones of the Foulness Valley and Hull
Valley respectively.

Further south, the Thames valley remained important for the production of iron later
into the Iron Age. At Sadler’s End, Sindlesham, in Berkshire, the largest quantity of Iron
Age smelting slag yet discovered in Britain was excavated, the majority in a 10 m spread
weighing over 21,216 kg. This was estimated to be the residue from the production of 1.8
tonnes of iron, which could have been forged into c. 2000 currency bars (Lewis — Crabb —
Ford 2013). According to Crew (pers. comm.), this appears to be a very low iron-slag
ratio. Slag analysis showed that the raw material had been bog ore but not from the imme-
diate vicinity. A “C date of 185-50 Cal BC was obtained from charcoal in Furnace 303.
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The size of the Sadler’s End slag heaps far surpasses what was until recently the larg-
est amount of Iron Age slag from Britain, which weighed 6.5 tonnes (Crew 1998; 2009),
excavated 1990-1998 on a settlement with round houses at Crawcwellt West, Merioneth,
North Wales, with iron production being undertaken c. 300 BC to 100 BC. At Bryn y Cas-
tell, a small hillfort near Ffestiniog, Merioneth, bog ores were smelted at around the same
time, but the quantity of slag found here at 1200 kg was much less. A special feature of
this site was a snail-shaped stone structure in which blacksmithing had been undertaken
(Crew 1987; 2009). The high quality research undertaken on these two sites remains piv-
otal in our understanding of early iron production and led to Crew’s vital experimentation
(Crew 2013).

So far, much attention has been paid to iron production. A feature of both the East York-
shire and North Welsh production centres is the relative lack of ‘currency bars’, now gener-
ally accepted as a semi-product allowing the quality of iron to be assessed, rather than an
early form of monetary exchange (fig. 3). Of around 1500 known examples, which can be
divided into around 20 groups, few have been found in the north of England and Scotland
(Crew 1994). Five bars were included in the hoard of iron objects from Llyn Cerrig Bach
on Anglesey, which were of two types, one of which may be unique to North Wales (Crew —
Crew 2012). In East Yorkshire the only bar known so far was found at Gransmoor near
Driffield, close to the head waters of Hull Valley and the mouth of Wetwang/Garton Slack
(Halkon — Starley 2012). The Gransmoor bar is of particular interest, as it comprised two
smaller bars welded together. Analysis showed differences in quality between both sides of
the join. The tip comprised heterogeneous phosphoric iron/low carbon steel and the socket
section heterogeneous phosphoric iron/carbon below steel composition. It is almost certain
that it was made from local bog ores. Considering the scale of the East Yorkshire industry
there should be many such items and finished iron may have been traded in other forms.

The majority of currency bars have been found in hoards and the circumstances of their
deposition is a matter of debate. Hingley (1990) argued that many were deliberately depo-
sited as a form of structured deposition, particularly at boundaries and settlement and hill-
fort banks and ditches. A similar explanation has been put forward for other items made
of iron or a combination of iron and copper alloys. A recent example is a ‘special deposit’
of the chariot fittings from several sets of harness found in a reused pit at Burrough Hill
hillfort, Leicestershire. Here the fittings were laid in a box on a bed of chaff, which was
then burnt and buried in a reused pit (Farley et al. 2017).

Current research on iron objects from non-burial context in Britain (Jinks-Fredrick
2017) is showing variations in the types of tools and weapons deposited, with certain loca-
tions preferred for specific object types (fig. 4). The distribution of all types of smith’s tools,
i.e. hammers, tongs and pokers, broadly matches that of currency bars, with a concentra-
tion in the Midlands between the Severn Estuary and the Wash (fig. 5). Iron objects, in-
cluding currency bars, were deliberately deposited in the grain storage pits at Danebury
(Crew 1995; Hingley 2006), and have been interpreted as some kind of offering in return
for the successful preservation of grain, a pattern of deposition noted in other Wessex hill-
forts (Sharples 2010, 134).

An outlier from this distribution are the tongs, poker and possible forge spoon from
a grain storage pit at Garton Slack in Eastern Yorkshire (Fell 1990; 1991; Brewster 1980,
Halkon 2012). Weapons, particularly swords (Stead 2006) are often associated with watery
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places following Bronze Age practices (Bradley 1990; 2016), but by no means exclusively
as in the case of the remarkable weapons cache from South Cave (Evans 2006; Marchant —
Halkon 2008) which contained five swords in decorated sheaths and 33 iron spearheads,
placed in a settlement ditch. Various interpretations have been put forward for its deposi-
tion. Carefully wrapped in organic material (long since decayed) and covered by sherds of
Dressel 20 olive oil amphora, it may have been hidden ready for retrieval in a last act of
resistance against incoming Roman forces around AD 70. Conversely, its location close
to springs and overlooked by a possible hillfort at Mount Airey, may relate to some act of
structured deposition (Halkon 2008; 2013). Whatever the reason for disposal the swords,
with their confident embellishment with exotic materials including enamel, sperm whale
tooth, and elephant ivory, they mark a high point of metalworking in Iron Age Britain,
following the expertise demonstrated in the earlier Kirkburn sword, which accompanied
a burial in a large Iron Age cemetery in East Yorkshire (Stead 1991).

Given the probable size of [ron Age populations in Britain, the lack of inhumation bur-
ials is noteworthy, with other options chosen for the disposal of the dead in many regions
(Whimster 1981; Harding 2016). Eastern Y orkshire has the largest concentration of inhu-
mations, generally enclosed by small square or, in some cases, circular ditches. Iron in
chariot burials has been referred to above. Of the less than 2000 burials in Iron Age Britain,
excluding Eastern Yorkshire, only around 5 % of these contain iron artefacts, 30 % being
weapons, with around 17 % being items of personal adornment and the same percentage of
utensils. This contrasts greatly with Eastern Yorkshire were over 17 % of the around 1070
burials contained iron objects, most of which were brooches and spearheads (Halkon 2012;
Inall 2016). Of around 80 burials with weapons in Iron Age Britain, more than half are in
eastern Yorkshire (Inall 2016, 44) the most recently discovered by Northern Archaeolog-
ical Associates between Burstwick and Rimswell in Holderness during an excavation prior
to the laying of a pipeline (Turner — Cooper 2017, 10). This crouched burial resembled
others in the Arras Culture tradition, as it included pig bones, a shield and more remarkably
a sword, which had been deliberately bent almost double. It is not clear whether the spear
in this and a burial close by followed the so-called ‘speared corpse’ ritual characteristic
of eastern Yorkshire (Stead 1991; Giles 2012; Halkon 2013; Inall 2016).

So far two burials are recorded as containing blacksmiths tools, both accompanied by
weapons, Burial 154 at Rudston, East Yorkshire (Stead 1991) and at Whitcombe, Dorset,
which included a spearhead, a sword, a file and an iron hammer (Stead 1990). Not only
finished artefacts were included as grave goods; at Pocklington (Halkon 2017), several
burials contained iron slag, a phenomenon also noted in Ireland (Williams 2015).

In the space available it is only been possible to provide a brief overview. There is still
much to be done. A priority, following recent French and German initiatives (Dillmann et
al. 2017) should be trace element analysis to facilitate more precise provenance studies.
Further characterisation and metallurgical analysis of slag is also essential (Stetkiewicz
2016). More controlled experiments particularly on slag-pit furnaces and assessment of
the different qualities of iron objects are also needed. Above all, there needs to be better
communication between archaecometallurgists and conventional Iron Age archaeologists
to explain the complexity of iron production and its great potential for understanding past
societies. Conferences such as ‘Iron in Archaeology’ at Prague will hopefully facilitate this
process and continue the work of one of early iron’s greatest pioneers, Radomir Pleiner.
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Milanéwek/Falecin — a settlement of iron-smelters
from the Late Antiquity

Milanéwek-Falecin — sidlisté hutnik( Zeleza z doby fimské
Marcin Wozniak

The settlement at Milanowek/Falecin is a part of large centre of iron production of the Przeworsk Culture,
dating from the Late Pre-Roman and Roman Periods, and located in the western Masovia (central Poland).
The site was discovered in the 1960s during surface surveys, and its area is estimated to 9-12 hectares.
Over time, various non destructive archaeological methods have been employed at the site (e.g. aerial
photography, geomagnetic surveys, advanced surface prospection), and excavations were carried out over
an area of ca 1500 m?. There have been found remains of nearly 1000 slag pit furnaces, 4 lime kilns, 1 ‘horse-
shoe-shaped’ kiln, 2 buildings and several pits. The excavation yielded also a large set of artefacts, of which
some were subjected to expert analysis (e.g. chemical composition of slags, mineralogical composition
of clay of relic of shafts). On the basis of geomagnetic surveys and excavations it is presumed that the
settlement at Milanowek Falecin may contain remains of about fifteen thousand slag-pit furnaces.

Przeworsk culture — iron metallurgy — Roman Period

Osidleni v Milanowek-Falecinu bylo soucdsti rozsahlého centra vyroby Zeleza prevorské kultury, nachdze-
Jjict se v zapadnim Mazovsku (stfedni Polsko) a pochdzejici z pozdniho prediimského a rimského obdobi.
Lokalita byla objevena v Sedesdtych letech 20. stoleti pomoci povrchovych priizkumii a jeji plocha se od-
haduje na 9—12 hektarii. V priibéhu casu byla lokalita zkoumdna riiznymi nedestruktivnimi archeologickymi
metodami (napr. letecké snimkovdni, geomagnetické priizkumy, povrchovd prospekce), vykopové prdce
byly provedeny na plose ca 1500 m>. Odkryty byly relikty témér tisicovky pect se zahloubenou nistéji, Ctyri
vdpenické pece, pec ve tvaru podkovy, stopy dvou nadzemnich staveb a nékolik jam. Vykopy prinesly také
velky soubor artefaktii, z nichz nékteré byly podrobeny odborné analyze (napr. stanoveni chemického slo-
Zeni strusek a mineralogického sloZeni hliny reliktii Sachet peci). Na zdkladé geomagnetickych priizkumii
a vykopui se predpoklddd, Ze osidlent v lokalité Milanéwek-Falecin miiZe obsahovat poziistatky zhruba
patndcti tisic pect se zahloubenou nistéji.

prevorska kultura — metalurgie Zeleza — doba fimska

In the late 1960s and early 1970s, a cluster of settlements of the Przeworsk Culture dating
to the Late Pre-Roman Period and the Roman Period (2" century BC — 4/5" century AD)
was discovered in the western Mazovia (central Poland). It was a result of a comprehensive
field survey programme known as Archeologiczne Zdje¢cie Mazowsza i Podlasia (Archae-
ological Map of Mazovia and Podlachia). A dense concentration of around 240 archaeo-
logical sites, spread across the area of approx. 300 km?, where traces of an extensive iron
production were uncovered, was registered in the eastern part of the cluster (fig. I). This
concentration is called the Mazovian Centre of Metallurgy.

Surface surveys allowed to determine territorial borders and structure of this phenom-
enon as well as to distinguish from within hundreds of newly discovered sites those of key
importance for identifying the characteristic features of local settlement. A selected number
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Fig. 1. A site in Milanéwek/Falecin (blue dot) on the background local settlement cluster of the Przeworsk Culture from the Late Pre-Roman and Roman Periods
(acc. Woyda 2002, with modifications).

Obr. 1. Lokalita Milanéwek-Falecin (modréa te¢ka) na pozadi uskupeni mistnich sidli3t prevorské kultury z pozdné predfimského a fimského obdobi (podle Woyda
2002, upraveno).
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Fig. 2. Location of the settlement in Milanéwek/Falecin (black dotted line — presumed range of a site; dark
blue dots and triangulars — fragments of slag and pottery shards on surface of ground; red outline — area
of geomagnetic research).

Obr. 2. Poloha sidlisté v Milanéwku-Falecinu (¢erné teckovand c¢éra — predpoklddany rozsah sidliste; tmaveé
modré tecky a trojuhelniky — Glomky strusky a keramickych stfep na zemském povrchu; cerveny obrys —
geomagneticky prozkoumané plocha).

of most promising sites was the object of a pioneer programme of non-destructive archae-
ological prospection!, and the results were later verified during excavations. A vast settle-
ment discovered at the border of Milanéwek, Grodzisk Mazowiecki County, and Falecin,
Pruszkéw County, approx. 25 km south-west of Warsaw, was one of such sites. It is situat-
ed on a sandy hill bordered to the north and east by the wetland of the valleys of the river
Rokitinica and its unnamed tributary and to the south by a gentle slope from where another
small watercourse flows to the west. At the moment of discovery, the site was identified
by numerous pottery sherds, pieces of daub and especially lumps of slag present on the
surface of the ground. Based on the spread of the material, the size of the site was estimated
at 9-12 hectares (fig. 2 and 5: A). The material was spread unevenly. Pottery dominated in
the central part of the hill. Slag was predominant in the central-western and southern parts
of the site. This particular spread of artefacts led to the idea of a dual — production/habita-
tion — character of the settlement, with the production zone clearly separated.

! E.g., aerial photography, electrical resistance, geomagnetic, thermal radiation, geological and geomorpho-
logical surveys, etc.
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A large part of the settlement (3 ha constituting 20-30 % of the site) where the archae-
ological material was most dense on the surface was subjected to a geomagnetic survey
(fig. 2). The goal of the survey was to detect possible anomalies which — as was assumed? —
would be the indication of the presence of the remnants of bloomeries at the site. As a re-
sult of the survey, a magnetic anomaly about 300 meters long and 10-30 meters wide with
clearly defined borders (particularly on its western side) was detected in the area (fig. 3).

The results of the prospection were then verified during the excavations conducted by
S. Woyda in the years 1974-1975 and 1987-1988. The excavations took place in the
central part of the site, slightly to the west of the hill peak, where the strongest anomalies
were registered by the measurement equipment. It covered around 1550 m? of the surface
(fig. 3). The biggest trench measuring 1240 m? was positioned across the length of the
magnetic anomalies and alongside its western border. The rest of the excavation units, much
smaller in size, were also situated within the range of the anomalies — in the centre or near
its western edge. Excavations confirmed the results of the geomagnetic survey. In all of
the units which were at least partially positioned within the field of the bigger magnetic
anomalies, remnants of bloomeries — in form of pits containing lumps or blocks of slag —
were found. In the areas were the equipment did not indicate significant anomalies, little
to no remains of iron smelting furnaces were discovered. However, there were other
features detected there, e.g., lime kilns.

The last excavation at the site took place in 2009. It was a rescue excavation preceding
a construction of a water pipe meant to supply modern homesteads located within the bor-
ders of the site. The trench was almost 340 meters long and 0.8 meters wide — it dissected
the NE part of the site (including the top of the hill) along the NW-SE axis (next to north-
ern edge of road leading to houses lying in the area of site). In its NE part, several tens of
pits divided into two groups by a small strip of empty land were discovered. A lime kiln
was unearthed in the middle of the empty space. These features can be connected with the
furnaces field registered during the geomagnetic survey. A ‘new’ furnace cluster consist-
ing of more than 30 furnaces (registered over a 50-meter-long distance) was discovered
in the SE part of the trench (to the SE of the hill peak), outside the area covered by the
geomagnetic survey. Both clusters were divided by a 150-meter-long strip of land with no
traces of iron smelting production. The furnace cluster newly discovered in 2009 is prob-
ably a part of a separate iron smelting workshop. Its shape and size, and, consequently, an
estimation of a number of remnants of bloomeries to be found there, require a wide range
of verification in the field. During all the excavation seasons, about 1000 traces of iron
smelts were registered altogether.

All iron smelting furnaces discovered in Milanéwek/Falgcin so far were one-time use
units of the pit type. The majority of the features found within the range of the magnetic
anomalies formed a vast slag-pit furnace cluster characteristic of the Mazovian Centre of
Metallurgy: station of the so called ‘disorganized’ type, with an elongated and quite nar-
row shape. It was situated along the north-south axis. Its particular feature was a straight
western border several hundred meters long (fig. 4 Il and 5: B). The highest density of

2 Based on the results of earlier surveys of bloomery sites discovered in the Holy-Cross Mountains (cf. Biele-
nin 1992, 44-48).
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Fig. 4. Plans of archaeological trenches |-V (red — slag-pit furnaces; green — lime kilns; black — postholes;
orange — relics of house with ‘horseshoe-shaped’ furnace; dark grey — house; light grey — other pits; dotted
line — western border of ‘huge’ cluster of slag-pit furnaces).

Obr. 4. Plany archeologickych sond I-IV (Cervené — pece se zahloubenou nistéji; zelené — vapenické pece;
cerné — klilové jamky; oranZové — pozustatky domu s podkovovité tvarovanou peci, tmavosedé — dalsi jamy;
teckovanéa cara — zépadni hranice rozséhlého shluku peci se zahloubenou nistéji).

slag-pits, in places exceeding 180 items per 100 m?, was registered along this border.
The presence of such a distinct line with furnaces positioned alongside it is difficult to
explain®. The most often used explanation points to the beliefs of the local population which
might have been manifested in such a particular separation of the production zone from
the rest of the settlement (Woyda 2005, 141-142; Orzechowski 2013, 219-220). Moving

3 Similar arrangement can be seen at other, better researched, iron smelting sites from Mazovia (Woyda 2005,
135, 137).
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B

Fig. 5. Milanéwek/Falecin. A—an aerial view on site from the east, 1981 (photo Woyda); B —view on S—E part
of trench Il with well visible western border of ‘huge’ slag-pit furnace cluster (photo Woyda).
Obr. 5. Milanéwek-Falecin. A — letecky pohled na lokalitu od vychodu, 1981; B — pohled na jihovych. ¢ast
sondy Il s dobfe viditelnym zdpadnim okrajem rozséhlého shluku peci se zahloubenou nistéji.
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several meters to the east of the western border, the concentration of furnaces becomes
noticeably less dense (fewer than 100 items per are). Unfortunately, the eastern border of
the cluster was not registered during the excavations. Based on the excavations and geo-
physical prospection, it appears that several thousands of bloomeries could have been in
use in the area of the ‘huge’ slag-pit furnace cluster.*

Another concentration of furnaces, much smaller and less dispersed, was situated next
to the western border of the great slag-pit furnace cluster. The functioning of this station
is difficult to interpret. Its location didn’t follow the pattern according to which several
thousand neighbouring furnaces were built. The main issue hindering any attempt at an
explanation of this phenomenon (and not just this one, see below) is the inability to pre-
cisely indicate the time at which each furnace was constructed. This applies to both the
furnaces lying within the great slag-pit furnace cluster as well as those outside its borders.
It is possible that these two different clusters are an evidence of two unrelated, chronologi-
cally distinct phases of development of the settlement that functioned for at least two hun-
dred years. More research into this matter is needed, and, above else, a better exploration
of the site, beyond the metallurgical production zone, is required.

As mentioned before, the characteristic feature of the ‘huge’ slag-pit furnace cluster
was a high density of bloomeries alongside its western border. The features discovered
here formed complex, often multi-level stratigraphic sequences. Pits of the younger fur-
naces were dug into the older ones which in turn had also been dug into even older ones.
Thus, the state of preservation at the time of discovery differs between features. The oldest
features had often been almost completely destroyed. Their only remains are the bottoms
of the pits — circular in shape, with black fill containing sparse pieces of slag. They were
usually registered only after fully excavating the younger features. It is difficult to assess,
however, if the features were destroyed on purpose, e.g., to prepare room for new units or
if it happened by accident during the construction of new furnaces. Younger features were
characterized by the presence of slag blocks. Some of the blocks were preserved in full,
others were damaged to various degrees — either by the younger features or perhaps much
later, e.g., by field cultivation in the modern times. In most cases, the outlines of the upper
parts of the pits dug into the deep dark cultural layer were not visible. They could only be
distinguished at their lowest part, i.e., at the level of the sandy sterile ground. Their con-
struction was then mostly recreated based on the shape of the lateral surface of better pre-
served slag blocks which gave an inverted image of the walls of the pit. The pits usually
measured 30—40 cm in diameter at the opening and were 40—-60 cm deep. They were usual-
ly conical in shape, sometimes cylindrical. At times, they had an additional side channel.
In many cases, the shape of slag blocks was irregular and disjointed at the top, possibly
aresult of a disturbance into the pit. It is speculated that this digging in was intended to
enlarge the pit. A separate question is when it was done — before or after the smelting begun

4 Based on surface prospection, geophysical surveys and excavations, S. Woyda, who researched the Milané-
wek/Falgcin site, estimated the number of smelts at over 15,000. It should be emphasized that this estimation
applies to the entire area of the site. In the parts of the site covered by the geophysical survey, that number
was certainly lower. In the areas excavated in the 1970s and 1980s that lay within the range of the slag-pit
furnace cluster, the number of furnaces per are differed from 180 (near the border) to 60 (several tens of meters
from the western border of the cluster). Assuming a high density of around 90-100 furnaces per are in the
entire area of the magnetic anomaly, the number of furnaces is unlikely to be more than 67 thousands.
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(cf. Woyda 2002, 131; Orzechowski 2013, 103). No traces of any attempts at protecting the
wall of the pit (e.g., with clay lining)®, as can be observed in other regions (Bielenin 1973,
55-56; Orzechowski 2013, 97-98), were found during the excavations.

Fragments of fired clay from the broken down shafts were found in the area of the fur-
nace cluster described. Some of them were found in situ, i.e., where they were at the moment
of the shaft collapse after smelting had been finished. Others were found in the secondary
deposit, mainly in the cultural layer. The preserved fragments allowed for a reconstruction
of the shaft structure and for a specialist study into the subject. The aim of the research
was to determine the methods of preparing the raw material, establish its composition
and origin, and also to recreate the temperature in the shaft during the smelting process.
Furnace shafts in Milanéwek/Falecin® were made of clay bands. Raw material used in
their construction was tempered with shredded grass and/or straw and sand. Mineralogi-
cal analyses indicate that the material originated from clay outcrops situated near the site
(Kowalczuk et al. 1980, 20-23). Clay bands measured approximately 10-20 cm in height
and from 6-10 cm (at the bottom of the shaft) to 3—4 cm (near the top of the shaft) in
thickness. The bottom clay bands contained small holes, through which air could flow into
the shaft. They were usually vitrified on the inside. The bands in the upper parts of the
shaft were only fired. Fragments from different parts of the shafts were included in a spe-
cialist study (Daszkiewicz — Bobryk 1994; Daszkiewicz — Jelitto 1994).” Two samples were
obtained from the bands constituting the bottom of the shaft, one from the middle part and
one probably from the vicinity of the top of the shaft. In order to determine the tempera-
ture affecting the interior walls of the shaft, the research material was divided into pieces
that were then re-fired in different temperatures. The samples were compared with re-
gards to colour and ceramic characteristics before and after firing. After firing, the frag-
ments were also subjected to a derivatographic analysis, X-ray phase analysis and obser-
vation in the scanning electron microscope. As the result of the research conducted and
with an assumption that shaft parts were used only once, a range of temperatures affecting
the inner shaft walls during smelting was determined. For the top and middle parts of the
shaft, the temperatures were 950—1000 °C and 900-950 °C respectively. In the case of the
two samples from the bands at the base of the shaft it was determined that they were fired
in the temperatures of 900-970 °C and 980-1000 °C. The latter two values are surprising-
ly low and raise doubts. The inside surface of the samples from the bottom parts of the
shaft is vitrified, which was not observed in the samples from the upper parts of the shaft.

3 Contrary to S. Woyda’s (2005, 149) opinion, it was not necessary as clearly proved by the research conduc-
ted in the recent years by the friends and employees of the Muzeum Starozytnego Hutnictwa Mazowieckiego
(Museum of Ancient Mazovian Metallurgy) in Pruszkéw. Their experimental research into the reconstruction
of the furnace and the smelting process, based on the local archaeological material, showed that none of the
several dozen experimental furnaces had been destroyed during the smelting process due to a collapse of
unsupported pit walls.

6 As was the case in other settlements of the Mazovian Centre of Metallurgy (Woyda 2002, 134, fig. 26).

7 The research into the temperatures affecting the shaft walls of the Mazovian furnaces began in 1980. Two
out of five shaft fragments that were analyzed back then came from the settlement in Milanéwek/Falgcin.
Based on the structural changes in the loamy materials, it was concluded that one of them was fired in the
temperature of approx. 800-900 °C (Kowalczuk et al. 1980, 16). Unfortunately, there is no information from
which part of the shaft the sample had been obtained, which limits further use of these results. It probably
came from the upper parts of a shaft as indicated by the description of its structure which does not mention
a liquid phase.
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It is unlikely that fragments so different with regards to their morphology could form in
similar conditions. This is supported by the results of a research?® into materials discovered
at a settlement site in Biskupice, Pruszkéw County, and situated approx. 3 km to the east
of Milanéwek/Falgcin. Four samples obtained from different parts of a shaft were ana-
lysed — all of them had their inside surface vitrified. The results achieved (1000-1100 °C;
1010-1100 °C; 1100-1200 °C and ca. 1200 °C) indicate visibly higher temperatures at
the hearth level than could be observed based on the analyses of the samples from Milan6-
wek/Falecin. They are similar to the findings of Hensel (1986), who determined, based on
the analyses of a slag block from Milanéwek/Falecin, that the temperature during the smel-
ting approximated 1100 °C (see below). In this light, the results of the analysis of the shaft
parts from the settlement discussed herein are disputable and should certainly be verified
on a bigger sample of archaeological material.

The main goal of the previously mentioned physicochemical analyses of slag was to try
and recreate the bloomery process that took place in the settlement in Milanéwek/Falgcin,
and the Mazovian region in general (Hensel 1986). The analysis was preceded by establish-
ing the chemical composition of two iron ore fragments from the area near Milanéwek.
The samples were characterized by a high level of phosphorus content (PO, 2.7-3.78 %)
and low iron content (Fe,0, 23.0-30.0 %) (tab. 1, nos. 1, 2). Three slag blocks from the
site in question were analysed. They were observed under a microscope and subjected
to a thermal analysis. Their composition was also determined. Additionally, the melting
point of slag in an argon and air atmosphere was measured. The analysed slag contained
high levels of P,O, (46 %) and slightly lower of CaO (2—4 %)° (tab. 2). The maximum
melting effect when heated in the neutral atmosphere was achieved at the temperature
of 1160-1180 °C, and when cooled in the neutral atmosphere — at the temperature of
1030-1080 °C. The values are lower than in the case of the slag from the Holy-Cross
Mountains which melted in the temperatures between 1150-1220 °C (lately Orzechowski
2013,76). According to Hensel (1986, 63, 78), low melting point of slag, and, consequent-
ly, the temperature of the smelt, in the furnaces from Milanéwek/Falecin, was a result of
using ore with high phosphorus content and utilizing lime as flux. More so, Hensel saw
lime as means to de-phosphorize the iron during the smelt (Hensel 1986, 63; cf. Woyda
2005, 146). However, the possibility to precipitate phosphorus with calcium oxide in an
ancient bloomery has been questioned by other researchers (Piaskowski 1981, 439-444;
see also Orzechowski 2013, 73-75). They emphasize that the presence of a few percent
of CaO in the contents of the Mazovian slag could be attributed a specific composition
of local ore rather than be an indication of an intentional action.

Geologists studying local ore have seen this problem slightly differently. An advanced
field reconnaissance was undertaken in the area of the western Mazovia in the 1970s and
the beginning of the 1980s, with a goal of identifying the supply network of the local iron

$ What is important, the analysis was done as a part of the same programme, by the same group of researchers
and using the same equipment.

° Supplementing Hensel’s research on the chemical composition of slag are the analyses done by E. Nosek
on two slag blocks from Milandéwek/Falgcin. First block contained 3.68 % CaO and 0.91 % P,O, (averages
based on 3 samples). The second one showed significantly higher content of phosphorus oxide — 2.69 %
(average based on 2 samples); in this case CaO was not marked. Analysis report in the Science Department
Archive of MSHM, inventory no. MSHM/ADN/221 (see also Woyda 2002, tab. 5).
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No. sg;p"lg V205 | SiO; | FeO | MnO | Cr,0;s | Fe:0; | Al,0; | TiO; | CaO | MgO | P:Os | NiO | CuO
1 R2 - 5551 0.7 1.2 | 0.01 | 23.0| 24 | 019 | 0.8 0.1 2.7 | 0.02 | 0.02
2 R3 - 240 | 0.7 | 13.5|0.01 | 304 | 3.4 | 015 | 2.2 0.3 | 3.78 | 0.03 | 0.01
3 5 indefi- 53.2 inc!eﬁ- 2.75 inc%efi- 23.24 indgﬁ- ind.eﬁ- 077 | 0.61 | 0.4 inc%efi- inc%efi-
nite nite nite nite | nite nite | nite

Tab. 1. Chemical composition of bog iron ore from vicinity of Milanéwek/Falecin (nos. 1-2 acc. Hensel 1986;
no. 3 acc. Kowalczuk et al. 1980).
Tab. 1. Chemické sloZeni bahenni Zelezné rudy z okoli Milanéwek-Falecin (€. 1-2 podle Hensela (Hensel 1986;
¢. 3 podle Kowalczuk et al. 1980).

s’;‘z‘;li SiO; | FeO | MnO | Cr:0; | Fe;0s | Al,O; | TiOz | CaO | MgO | P:Os | NiO | CuO
Block |
1 186 | 492 | 16 - [ 187 ] 12 [004] 29 | 1.7 | 50 | 004]| -
2 | 215 | 461 | 18 - w4l 14| - |39 ] 06| 71 |003]| -
3 153 | 516 | 1.4 - | 199 | 16 |008| 27 | 11 | 55 | 003 | -
4 | 187 | 482 17 - | 189 ] 15 [002] 40 | 10 | 55 | 006 | -
5 | 236 | 451 | 17 - | 138 ] 17 [009] 39 | 10| 74 | 006 | -
6 | 259 | 466 | 1.5 ~ | 145 ] 29 [023] 30 | 10| 54 | 008 | -
7 | 148 | 355 | 1.2 - 353 ] 21 [ 018 | 23 | 08 | 46 | 008 | -
8 | 181 | 498 | 17 - | 182 13 | 018 | 31 | 06 | 59 | 007 | -
9 | 210 | 497 | 17 - | 135 ] 10 | 014 | 43 | 08 | 73 | 008 | -
Block Il
1 [ 222467 ] 30 ] - [167] 15 [007 | 32 | 09 | 46 | 009 | -
2 | 221|488 | 29| - |150 ] 32 |012| 35| 10| 47 |o010]| -
3 | 224 | 486 | 25 - | 206 | 18 [009] 32 | 08 | 45 | 010 | -
4 | 228|482 29| - | 174 | 30 | 007 | 28 | 11 | 41 | 013 | -
5 | 169|531 20| - [196]| 14 | o | 22 | 13| 27 |o007 | -
6 | 301|389 28| - |162| 28 | 018 | 26 | 07 | 42 | 013 | -
7 | 229 | 477 | 28 | - [ 179 | 27 | o018 | 28 | 09 | 42 | om | -
8 | 206|496 29| - [159| 18 | 010 | 38 | 08 | 46 | 013 | -
9 | 208|464 | 29 | - | 177 | 30 | 009 | 40 | 008 | 52 | 013 | -
Block 111 (V1)
1 16.6 | 383 | 068 | 002 | 321 | 1.7 | 016 | 1.4 | 02 | 2.56 | 0.05 | 0.02
2 | 210|484 | 110 | 002|127 | 17 | 016 | 37 | 03 | 678 | 0.07 | 0.02
3 | 208 | 449 | 1.07 | 002 | 158 | 22 | 016 | 3.4 | 003 | 6.87 | 005 | 0.02
4 [ 192 ]300 094 001|307 17 | 013 | 32 | 03 | 543 | 006 | 0.02
5 | 256391 ] 113 ] 001|182 1.8 | 019 | 34 | 05 | 440 | 0.07 | 0.02
6 | 129 | 550 | 0.88 | 001 | 199 | 09 | 009 | 24 | 02 | 3.82 | 005 | 0.02
7 | 228 | 431 ] 110 [ 002 | 170 | 1.8 | 003 | 48 | 022 | 66 | - -
8 | 210|500/ 110004140 18| - | 36 | 023]| 58 | 003 | -
9 | 203|502 09 | 002/ 148 ]| 12 — | 41 Jois | 6 | 0.02 |traces

Tab. 2. Chemical composition of slag-blocks from a settlement in Milanéwek/Falecin (acc. Hensel 1986).
Tab. 2. Chemické sloZeni struskovych bloku ze sidlisté v Milanéwek-Falecin (podle Hensel 1986).
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smelting centre. Initially, the research encompassed the areas in the direct vicinity of the
iron production sites (e.g. Kowalczuk et al. 1977, 13-22; see also Leciejewicz 1978). Next,
the survey spread to the entire area covered by the local settlement cluster of the Przeworsk
Culture. In the years 1979-1980, a team of geologists prospected an area close to 200 km?,
where they made multiple'® test pits alongside almost all of the watercourses running in
this region (Kowalczuk et al. 1979; 1980). As a result, present day deposits of bog ore were
localized and their size established.!" A dozen samples of raw material were extracted
in order to determine their chemical composition. The local bog ore consists of limonite.
Presently, it creates vast outcrops sometimes covering many hectares. It is usually found in
form of rocky concentrations or lumpy layers. Its characteristic feature is its high porosity.
Individual deposits are internally varied, both in terms of morphology as well as chemical
composition (composition of sample from vicinity of Milanéwek/Falgcin — table 1, no. 3).
On average, they contain 38 % of Fe, O, and approx. 37 % of SiO, as well as low amounts
of other oxides, e.g., CaO — 1.3% on average (0.7-6.45 %); P,O,— 0.8 % on average
(0.4-1.6 %). According to the researchers (Kowalczuk et al. 1980, 8-9), due to its high
acidity — it contains less than 40 % of Fe,O, and more than 30 % of SiO, — it would have
been impossible to smelt iron from the local ore without using any type of flux (e.g., CaO).

What is mainly indicated when discussing the part lime played in the bloomery process
in Mazovia is the presence of lime kilns registered in the local settlements. They were dis-
covered at all of the better researched sites. Four features of this type were found in Mila-
néwek/Falgcin. Two of them were located next to the western border of the great slag-pit
furnace cluster (fig. 4: II; 6: C). There were a dozen post holes registered around them
which may be an evidence of some kind of a surrounding structure, e.g., a roof. Another
kiln, partially destroyed by later features, was located in the central part of furnace sequence
(fig. 4: II). The fourth kiln, only partially investigated, was registered during the rescue
excavation in 2009. It was situated between the two furnace clusters. The first three features
were oval or circular in shape, 2—2.5 m in diameter, with a semicircular cross-section, and
depth of approx. 1.5 meters. Their construction consisted of a hollow with stone-lined walls
dug into ground, and, most probably, of a clay dome towering over it, from which multiple
pieces of daub were recovered. The kiln discovered in 2009 lacked any stone structure,
which differentiates it from the rest. Layers of lime were found in the bottom parts of all
these features. Raw material used for its production probably came from the local marl
(marlstone) deposits (Woyda 2005, 146; see, e.g., Palmirski 1880, 534).

When considering the production and utilization of lime by the inhabitants of the sett-
lement, one more feature connected with this matter should be mentioned here. It was dis-
covered in the central part of the ‘huge’ slag-pit furnace cluster. Its remains indicate that
it used to be a square building measuring 11 x 4 m with clay-covered walls constructed

10 The test pits were dug every 200-300 m, at the both sides of the watercourses, in the area of their flood-
plains. Once bog ore deposits were discovered in a given place, the number of open pits would be increased.
1080 test pits were dug in 1979. While no precise number is known for 1980, considering smaller scope of
the survey, there were probably slightly fewer of them than the year before.

1 Near the settlement in Milanéwek/Falecin, vast deposits of bog ore were found alongside the small tri-
butary of the river Rokitinica, approx. 1 km east of the site, and — slightly smaller ones — alongside the river
Rokitinica approx. 2 km west of the settlement. In the direct vicinity of the settlement, bog ore was found
in only one of the test pits.
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Fig. 6. Milanéwek/Falecin. A — view on trench | (photo Archive of MSHM); B — trench Ill — ‘horseshoe-sha-
ped’ furnace during exploration (photo Archive of MSHM); C — trench Il — lime-kiln during exploration
(photo Woyda).

Obr. 6. Milanéwek-Falecin. A — pohled na sondu | (foto Archiv MSHM); B — sonda Il — podkovovité tvaro-
vana pec béhem prizkumu (foto Archiv MSHM); C — sonda Il — vapenicka pec béhem prazkumu.
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from posts (fig. 4: I1I; fig. 6: B). A large, strongly elongated, slightly oval in shape furnace,
2.7 mlong and 1.2 m wide, was situated in the western part of the building. It was dug slight-
ly into the ground and was initially covered by a massive clay dome built over a wooden
frame. At its base, the walls of the dome were 0.4 m thick. An opening in the eastern part
of the dome allowed for the manipulation of the charge. After removing the remnants of
the destroyed part of the dome, a uniform layer of lime about 10 cm thick deposited on
clean, strongly annealed sand was discovered inside the furnace. Several pottery sherds
and a single nodule of magnetic slag or iron were found in the top part of the lime layer.
The function of the feature described is still unclear. Woyda (2002, 131; 2005, 156) inter-
preted features of this type (most often called ‘horseshoe-shaped’)'? as furnaces used to
re-heat iron blooms in contact with lime. It is difficult to agree with this idea, more so that
the author did not support it with any arguments. In the most recent literature on the sub-
ject, attention is drawn to the post-reduction phases of iron smelting (Bielenin 1992, 132;
Woyda 2002, 136-137; 2005, 154-158; Orzechowski 2013, 81-91). They included, among
others, multiple re-heating and hammering of the raw bloom in order to remove the remains
of slag and charcoal. It is assumed that hearths, where the smelted blooms were re-heated,
were used for that purpose. Such hearths are characterized by the presence of distinctive
lumps of slag, which dripped off the heated bloom, as well as of occasional iron flakes
in their fill; however, no traces of lime have been found there. Conversely, no traces
of activities related to iron metallurgy have ever been found in the features interpreted
as ‘reheating furnaces’ by S. Woyda. However, traces of lime (or a similar substance)'?
have been observed in the better preserved of the so-named features. The remarks above
indicate that furnaces from Milandwek/Falecin as well as analogous features from neigh-
bouring settlements cannot be directly associated with any of the phases of the iron smelting
process. It would rather appear that they are a different type of a lime kiln.

The features discovered in Milanéwek/Falgcin are evidence of a local production and
utilization of lime. In the current state of research, however, it is unknown if the need for
lime in the iron smelting was the reason for its production. The presence of lime kilns next
to bloomeries may have different origins, e.g., it may be a result of separating the entire
production zone, not just the metallurgical workshop, from the inhabited parts of the set-
tlement. Lime production was an important part of the economy of that time, and shallow
deposition of marl in the western Mazovia made it easy to exploit. Hence, the discovery of
lime kilns in the local settlements should not come as a surprise. As it is, further research
into the utilization of lime in the bloomery process is required. Small scale analytical re-
search that has been conducted up to this moment on the randomly selected material should
be complemented with a series of modern analyses. What would be of fundamental im-
portance are the comparison studies of chemical composition between the slag blocks and

12" Similar features described also as ‘reheating’ or ‘niche’ furnaces were discovered in several other Mazo-
vian metallurgical settlements, e.g., Reguty, Pruszkéw County, feature 1/are 27/2007; feature 1/are 29/2007,
Biskupice, Pruszkéw County, feature 1/are 35/sector 10/1979; Stare Babice, Warsaw West County, feature
54/2006 — research by MSHM, documentation and artefacts in the museum collections.

13 Only material from a feature in Biskupice (feature 1/are 35/sector 10/1979) was the subject of chemical
composition analysis. The composition of the sample tested (39.1 % CaO) corresponds with that of the lime
obtained from the four ‘common’ lime kilns discovered at the same site (CaO content in the range of 35.5—
48.2 %) — analysis report W. Rusek and A. Zurada in the Archives of MSHM.
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bog ore deposits found within the boundaries of the site, which, in theory, should be the
closest match to the raw material utilized when the ancient settlement was in use. Fast
regeneration of the local bog iron deposits means that starting material used for analyses
was composed of samples that could have precipitated in the last several hundred years.
Consequently, their composition might differ significantly from the raw material available
in the ancient times.

Archaeological research in Milanéwek/Falecin was focused on the area of the produc-
tion zone. Thus, the excavated area is dominated by production related features. Remnants
of a building found in the trench IV, and several pits of undetermined purpose found next
to this building and in the western part of trench II, are the only exceptions. The feature con-
strued as a building was square in shape and measured around 16 m?. Remnants of a stove
made of stone, clay and pieces of slag blocks were found in its northern part. Numerous
animal bone fragments, two weaving weights and a significant collection of pottery sherds,
some of which — found in the vicinity of the stove — were re-fired, were recovered from
the fill of the building. Ceramic material is mostly composed of sherds of thick-walled clay
vessels with coarse surface. Scarce pieces of vessels with thick, non-facetted rims charac-
teristic of the second ceramic phase of the Przeworsk Culture (e.g., Dgbrowska 1973, 499,
520; 1988, 30-31; 2008, 63—-64; Andrzejowski 2010, 3) as well as pot sherds ornamented
with incised lines made with a comb'¥, date this feature probably to the late stage of the
Late Pre-Roman Period. The time when the building was in use constitutes gives a terminus
post quem for the bloomeries whose pits were dug into this structure.

This is linked inseparably with the matter of dating the Milanéwek/Falecin settlement
and establishing the time period when its metallurgical workshop, manifested by the ‘huge’
slag-pit furnace cluster, was actually in use. Studying the chronology of the site is made
more difficult by the small scope of the excavations limited only to the production zone.
The next remarks are then based on a very humble collection of data, and as such can only
be considered initial observations that must be verified in the course of future research.
Pottery sherds discovered in a thick (20—40 cm in depth) cultural layer that was registered
in all the excavated areas, as well as the ceramic material found in the building described
above were the main source of material used for relative dating of the explored part of the
site. The biggest collection is composed of highly fragmented sherds of big thick-walled
clay vessels with a coarse body surface and a smoothed part near the rim, corresponding
with the groups Il and V of T. Liana’s (1970) classification. Some of the rims were thick-
ened to a greater or lesser degree, others have edges that are indistinct or only slightly bent
out. Such vessels can be encountered both in the Late Pre-Roman Period as well as in the
Roman Period, usually in its early phase (Liana 1970, 439). Amidst the scarce examples
of thin-walled pottery, vessels with thick rims, characteristic of the second ceramic phase
of the Przeworsk culture dating to the phase A3 (Dgbrowska 1988, 30-31), are predomi-
nant. A small collection is composed of vessels showing characteristics of an even older
style, namely vessels with thick facetted rims that appear in the phases A1-A2 as well as
at the beginning of the phase A3 (Dgbrowska 2008, 8). What is peculiar in the ceramic

14 This ornamentation is seen as an imitation of the decorative patterns used by the people of the La Téne
Culture (Dgbrowska 2008, 75).
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material obtained is the small number of thin-walled vessels typical of the younger phase
of the Early Roman Period and the beginning of the Late Roman Period such as vases and
bowls with a biconical body, vessels with a distinct foot, etc. (see Liana 1970, 438-440,
tables I-II). Only few fragments of wheel-made pottery were found either. Such pottery is
encountered relatively often in local settlements from the Late Roman Period, e.g., Bisku-
pice, Pruszkéw County (MSHM collection) or Izdebno KoScielne, Grodzisk Mazowicki
County (Machajewski 2016, 235-244); Krasnicza Wola, Grodzisk Mazowiecki County
(MSHM collection). The data above indicate that the part of the Milanéwek/Falgcin site
studied so far was utilized in the Late Pre-Roman Period and the Roman Period. Small
participation of vessels characteristic of the phases A1-A2 and the forms clearly typical of
the Late Roman Period allows the dating to be narrowed to the latest phase of Pre-Roman
Period to the beginning of Late Roman Period.

Trying to establish when the vast metallurgical workshop was formed is a separate
matter. Woyda thought that the settlements in the area of the Mazovian Centre of Metal-
lurgy were founded for the purpose of production. Thus, he dated the beginning of the local
metallurgy to the same time as the oldest settlement horizon of the Przeworsk Culture
people in this area (Woyda 2005, 122), i.e., at the end of the phase Al or in the phase A2
(lately Dgbrowska 2008, 101-104). The idea of the contemporaneity of the developed
metallurgical production and the solidification of the local settlement of the Przeworsk
Culture was mostly based on the supposition that the clear division between the production
and habitation zones must have been a result of a preconceived vision that directed the
establishment of new settlements (Woyda 2002, 122; 2005, 134—135; see also Orzechowski
2013,216-217). In this light, the beginning of an intense iron smelting production in Mila-
néwek/Falgcin should be placed in the phase A3 at the latest. The results of the research
conducted at the settlement site do not fully support the above-mentioned statement. In the
excavated area of the ‘huge’ slag-pit furnace cluster, most of the pits were dug into the
cultural layer. The bottoms of many features did not even reach the sterile ground, and the
top surface of the slag blocks, which would have been situated at the level of activity at the
site at that time, were registered around 20-40 cm above the bottom surface of the said
cultural layer. This also applies to the nethermost features situated alongside the sharp
western border of the furnace cluster that were often preserved only in part and usually
disturbed by later furnace pits. If Woyda’s (2002, 128) supposition — that the furnaces were
constructed in straight rows in the first phase of metallurgical activity — is correct, then it
should be stated that the oldest part of the excavated area of the furnace cluster was estab-
lished in a place that must have been previously used by local population. However, the
origin of this cultural layer is difficult to determine. Numerous pieces of slag and daub dis-
covered in the layer indicate that it was mostly formed at the time when the furnace field
was already in use.'

The presence of an anthropogenic layer older than the furnaces raises doubts about the
simultaneous beginning of habitation and metallurgical centre at this site. However, this

15 Archaeological material from the, mostly uniform, cultural layer is divided into collections obtained from
the consecutive ares. At this moment, it cannot be stated which of the artefacts come from the lower and
which from the upper levels of the layer. It makes it impossible to determine the characteristics of the oldest
level of the layer into which the pits had been dug.
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matter requires further in-depth studies. Attempts at absolute dating (e.g., radiocarbon
dating'®) of the remnants of the furnaces will be of key importance. The inability to date
even relatively, using classic methods, the majority of the furnaces themselves is the rea-
son that the rthythm of the metallurgical production is being closely connected with the
pace of the settlement development at this site. As it is, at the present state of research, the
beginning of the intensive iron production in Milandwek/Falecin can be seen in the Late
Pre-Roman Period, and its peak in the Early Roman Period. It corresponds to the situation
registered in the other, better researched, settlements in the region of the Mazovian Centre
of Metallurgy (Woyda 2005, 131).

The site presented here is one of the most important settlements of the Przeworsk
Culture people in the western Mazovia. The results of the research conducted at the site
are, in many places, a reference point for the studies of the economy of local populations,
especially with regards to the iron metallurgy in the region. They have also confirmed the
validity of non-destructive prospection of iron smelting sites. A complete study of obtained
materials, and, in long term, resuming the large-scale archaeological exploration of the site
will be of crucial significance to further research. Excavations so far have only covered
a limited area focused solely in the production zone of the settlement, a result of a drive to
explore this newly discovered phenomenon — a local iron smelting centre. The favourable
location of the site, situated away from the rapidly expanding infrastructure of small sub-
urban towns near Warsaw, protects it from severe devastation. The presence of a cultural
layer partially situated below the present-day field cultivation level is also of great signif-
icance. Features located in or under the layer are all well preserved. By employing modern
technology not available several decades ago, future studies at the site will let us examine it
more thoroughly and verify if any of the previously stipulated theses have in fact been true.
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Before or after? Stratigraphic relations of Iron Age
slag-pit furnaces in the Mazovian Centre of Metallurgy

Pfed nebo po? Stratigrafické vztahy peci se zahloubenou nistéji
z doby Zelezné v Mazovském metalurgickém centru

Robert Janiszewski

Chronology of the bloomery fields of the Iron Age is a very complex and interesting subject. Usually it can
be established by radiocarbon analysis of the organic debris, mainly charcoal fragments, found at the bot-
tom of slag-pit furnaces or by dating archaeological material collected from the sites during excavations.
Both methods however, based on very limited material, often provide only broad time frames for the occu-
pation of the sites. In Mazovian Centre of Metallurgy, where several large bloomery fields were located very
close to or even within the Iron Age settlements, frequently a number of slag-pit furnaces were recorded in
stratigraphic relations with other archaeological features. The chronology of those features could be estab-
lished more precisely by analysing their archaeological contents. The aim of this paper will be to discuss
the chronological implications for the slag-pit furnaces found in such relations. The results of this assessment
will be compared with series of radiocarbon measurements from the Mazovian Centre which haven’t been
published so far.

Late Iron Age — Przeworsk Culture — Mazovia — iron production — slag-pit furnaces

Chronologie Zelezarskych huti doby Zelezné je sloZité téma. Obvykle ji Ize stanovit radiokarbonovou analyzou
organickych zbytkii, zejména iilomkii drevéného uhli ze dna zahloubenych nistéji nebo datovdanim dalstho
archeologického materidlu. Obé metody, zaloZené na velmi omezeném materidlu, vsak casto poskytuji velmi
Siroky casovy ramec osidleni lokality. V Mazovském metalurgickém centru, kde bylo nékolik velkych Zele-
zarskych huti umisténo velmi blizko, nebo dokonce v prostoru sidlist doby Zelezné, bylo casto zaznamendno
mnoho pect se zahloubenou nistéji ve stratigrafickych vztazich s jinymi archeologickymi objekty. Chronolo-
gii téchto objektit Ize presnéji stanovit analyzou jejich archeologického obsahu. Cilem tohoto prispévku je
diskutovat dopady na chronologii Zelezdrskych peci nalezenych v takovychto souvislostech. Vysledky tohoto
hodnoceni budou porovndny s radou dosud nezverejnénych radiokarbonovych méreni z Mazovského centra.

pozdni doba Zelezné — prevorska kultura — Mazovsko — vyroba Zeleza — pece se zahloubenou nistéji

One of the biggest challenges for archaeologists interested in iron production during the
Pre-Roman and Roman Periods of the Iron Age is to indicate precisely when such activity
took place within the time span which lasted for more than 500 years (tab. 1; Andrzejowski
2010). The radiocarbon analyses of organic samples, mainly charcoal fragments from
bottoms of slag-pit furnaces or found stuck in slag fragments usually produce results with
rather broad timeframes, often insufficient for the study of these periods and frequently
inconsistent with the chronology of archaeological material collected from the sites (Pleiner
2000, 162; Orzechowski 2013, 174). Such a chronological gap between the radiocarbon
measurements and archaeological material is well known as the so called ‘old wood’ effect
(Bowman 1990, 51-53). Therefore the chronology of iron production is based primarily on
comparative analysis of datable artefacts, mainly ceramics. On many occasions however,
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CULTURAL LUSATIAN / CLOCHE GRAVE / PRZEWORSK
HORIZONS CULTURE / CULTURE / CULTURE
PHASES I Al/ /A3/B1/B2/B2-c1i/C1/C2 /C3
RELATIVE Halstatt / Early Pre-Roman / ate Pre-Ron / Early Roman / Late Roman
CHRONOLOGY D / Period / Perioc /  Period /  Period
ABSOLUTE | | | | | | | | |
CHRONOLOGY 400 B( 200BC BC/AD 200AD

Tab. 1. Archaeology and chronology of the Iron Age in Western Mazovia.
Tab. 1. Archeologie a chronologie doby Zelezné v zédpadnim Mazovsku.

when both occupational zones, production and residential, were distant from each other
researchers face additional difficulty to convincingly set the chronology of iron produc-
tion. In such situations archaeological material coming from the bloomery fields is quite
rare, often with its chronology difficult to assess. Frequently, when scholars deal with the
sites occupied for a long time it is also difficult to link firmly production activity with any
of the chronological phases within the wider period of occupation. Such dating problems
are familiar to the archaeologists focused on the phenomenon of iron production in the
Mazovian Centre of Metallurgy, one of the largest iron production centres in the Barbarian
Europe during the Iron Age.

The Mazovian Centre of Metallurgy was identified relatively late, during the 1960s and
1970s, as aresult of a large scale archaeological survey project initiated and carried out
by S. Woyda who held the position of the Heritage Officer for Warsaw Voivodeship at that
time. The Centre is located in central Poland between Vistula River and Bzura River which
is one of its left bank tributaries in the western part of the Blonie Plain, geographical region
of approximately 1,500 km?. This, mainly flat, land stretches between the valley of Bzura
River on the west and the Vistula Valley on the east. In the northerly direction it is limited
by the edge of the glacial formation of the Warsaw Depression and from the south by the
elevation of the Rawa Plateau. This limited area consists of many bottom terraces of nume-
rous named and unnamed tributaries of the Bzura River and is characterized by a mainly
flat form of terrain with rare elevations of small height differences. Prior to the research
undertaken by S. Woyda only about 20 sites dating to the Iron Age were known from the
region (Niewegtowski 1966, 149—164). As an outcome of his project, that number of sites
multiplied by nearly twenty. In the late 1970s, due to S. Woyda efforts the Museum of An-
cient Mazovian Metallurgy (MSHM) was established in Pruszkow town as an institution
designated for protection and evaluation of the Centre.

According to its finder, the Mazovian Centre of Metallurgy occupied a compact area
of approximately 300 km? with over two hundred settlements (fig. 7). These sites were
divided into two types: permanent or seasonal self-sufficient settlements and other places
of occupations linked to these settlements, characterized by traces of short-lived working
activity, not exclusively dedicated to iron production. The size of the major sites varies from
hundreds of square meters to several acres of land. It is estimated that total production of
the Centre was more than a hundred thousand smelts. In S. Woyda opinion, mass scale pro-
duction begun in the Late Pre-Roman Period, had its peak during the first two centuries AD
and collapsed with the end of the Early Roman Period, by the beginning of the 3" century AD
(Woyda 2002, 121-154; 2004, 129-166). This short characteristic of the Mazovian Centre
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8. Mazgwiecki R
D

@+ [RON PRODUCTION SITES A CEMETERIES
@® SITES MENTIONED IN THE PAPER e  OTHER PLACES OF OCCUPATION
1. BISKUPICE; 2. MILANOWEK-FALECIN; HOARDS
3. BRWINOW; 4, REGULY LIMIT OF THE MAZOVIAN CENTER

Fig. 1. Mazovian Center of Metallurgy (after Woyda 2004, 130, il. 2).
Obr. 1. Mazovské metalurgické centrum (podle Woyda 2004, 130, il. 2).

of Metallurgy and estimation of its production was based mainly on the material and ob-
servations gathered during the survey phase and slightly corrected when more advanced
archaeological examination in form of research or rescue excavations were carried out.
The latter type of investigation however, was done only on a few out of over a hundred
major sites assigned to the relevant periods. In addition, no results of these excavations
have been published fully so far.

It is distinct for the Mazovian Centre that organization of iron production was arranged
in large production zones — bloomery fields consisted of hundreds or even thousands sing-
le-use slag-pit furnaces. Although, generally speaking, production was arranged in the so
called ‘unorganized’ fields there was in some instances very clear tendency to shape the iron
production, at least at some stage, in linear formations. Traces of such attempts have been
recorded on a few sites during the geomagnetic survey (Milandwek—Falgcin, Parzniew)
and confirmed to some extent by the excavations which followed (Milanéwek—Falgcin,
Reguly). During the initial survey phase it was also noticed that on some sites production
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zones were located close to the residential sectors, sometimes even occupying parts of the
same area. In several instances it created situations, confirmed during the excavations, that
slag-pit furnaces were in stratigraphic relations with other archaeological features, which
often contained datable artefacts. Detailed analysis of such situations would allow us to
establish stratigraphic sequence and relative chronology for single slag-pit furnaces or its
clusters found in such positions. Cases of these relations were recorded on several sites
excavated by the MSHM’s staff and this paper will discuss examples from four of them.
Lack of publications permits only to review a limited number of features with clear and
relatively precise chronology, although the base for such research is potentially much
broader. The results of this assessment will be confronted and combined with series of
radiocarbon measurements secured for three of these sites which haven’t been published
so far. Generally speaking there are three situations when slag-pit furnaces or their debris
could be in stratigraphic relations with other archaeological features:
1. Archaeological features were destroyed or truncated by slag-pit furnaces — in such cases
archaeological material coming from these features gives a terminus post quem for the
furnaces.
2. Slag-pit furnaces were destroyed or interrupted by other archaeological features — in such
situations archaeological material coming from these features provides a terminus ante
quem for the furnaces.
3. Debris of iron production, mainly slag blocks or fragments thereof, were re-used as
a packing material during construction of other archaeological features. In such instances,
we are not able to identify which specific furnaces these remains came from, but it justifies
the observation that the iron production phase was earlier or contemporary to the time of
construction of those features.

The first group of such examples comes from the Biskupice site (AZP No 58-63/5).
It was a large multi-period settlement occupying an elevated area near a small creek called
Zimna Woda. During several summer campaigns between 1976 and 1992 approximately
8 acres of the site was unearthed. During the excavations both residential and production
zones were documented, confirming observations based on surface and geomagnetic sur-
veys made prior to the excavations. The former zone, oval in shape, occupied a lozenge
plateau in the central part of the site, while the latter was divided into two parts located on
opposite (western and north-eastern) sides of the residential sector. Both production units
were connected by an almost straight line of slag-pit furnaces which crossed the residen-
tial area in its northern part. More than 3,500 slag-pit furnaces, in the form of slag blocks
preserved in situ or circular furnace pits with secondary fills, were recorded on the un-
earthed area. The first of the examples from that site, the oval hearth filled with stones
(S2/A4/Feat. 3a) had its southern half partially destroyed by the slag-pit furnace with a slag
block preserved in situ. Datable artefacts in form of pottery sherds included a pot (recon-
structed) which was in use during the Early Pre-Roman Period, before the Przeworsk cul-
tural horizon emerged. Another feature, possible hearth (S2/A5/Feat. 4), was also stratigra-
phically earlier than smelting furnaces represented by two oval pits with secondary fills.
Again, its chronology can be assessed by pottery sherds found in its fill. Black coloured
examples of a bowl with an ear handle and wide opening and fragments of a pot with facet-
ed rim indicate that that feature was in use during the A2 to the beginning of A3 phases of
the Late Pre-Roman Period. In the Biskupice site also the opposite situation was documen-
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BISKUPICE
S 3/A 38/FEAT.1
PLANS

Fig. 2. Biskupice S3/A38/Feat. 1: Plan 1 (2), Plan 2 (4). After: Dwgs # Bs. 236/82, Bs. 238/82, unsigned.
Obr. 2. Biskupice S3 /A38/objekt 1: Plan 1 (2), pléan 2 (4). Podle: Dwgs # Bs 236/82, Bs. 238/82.

ted, when archaeological features were constructed later than the iron production phase.
One such example is a large, oval hearth filled with a layer of burnt stones (S3/A38/Feat. 1),
which clearly was set on top of a few slag-pit furnaces (fig. 2). These furnaces apart from
their bases were almost completely destroyed by construction of the hearth. Among numer-
ous pottery sherds there were examples of wheel-thrown ceramics, production of which
could be placed not earlier than the beginning of phase C1 of the Late Roman Period. A third
situation from the list of possible cases is exemplified by remains of the square-planned well
(S3/A36/Feat. 28) with lining made of wooden planks preserved in the bottom part of the
shaft. During construction a number of fine stones and small slag fragments were clearly
used as packing material. Layers of secondary deposit within the well’s shaft contained
only a few pottery sherds, including a wheel-thrown piece. Lack of clearly Pre-Roman and
very Early Roman material might suggest that the well was in use during the later phase
of the Early Roman Period. More precise chronology of the well’s construction could be
provided by dendrochronological analysis of the preserved planks. The last example from
the site of Biskupice would also be one of the most intriguing. In northern part of the west-
ern production zone an alleged ritual horse burial, surrounded by slag-pit furnaces was



386 Janiszewski: Before or after? Stratigraphic relations of Iron Age ...

¥ Fig. 3. Milanéwek—Falecin
| Tr.1/74/Feat. 2. Plan. After:
| Dwg#M-FI/74/1, author:
S. Woyda.
Obr. 3. Milanéwek-Fale-
cin sonda | /74/objekt 2:
Plén. Podle Dwg # M-F 1/
74/1, autor: S. Woyda.
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recorded (S2/A15/Feat. 1). Its dramatic setting was emphasized by a block of slag depos-
ited intentionally on animal’s skull (Woyda 2004, 141-143). However, in absence of any
datable artefacts associated with that burial and lack of radiocarbon analysis of skeletal
remains its direct connection with iron production remains speculative.

Another important site investigated by the MSHM’s staff was Milan6wek—Falecin
(AZP No 58-63/14). A few seasons of research excavations in 1970s and 1980s took place
along the western limit of the site, mainly within its production zone, and test trench loca-
tions were based on the results of surface and geomagnetic surveys. During four seasons
of excavations just over 1,500 m? of the site was unearthed and approximately a thousand
smelting furnaces and their remains along with dozens of other archaeological features
were recorded. During the first season, in 1974, one of the most interesting examples of
stratigraphic relations between slag-pit furnaces and other features was recorded (fig. 3).
Small scale excavations in a rectangle trench of just 56 m? yielded about 40 slag-pit fur-
naces of which nearly half was set on the top of a square dwelling, preserved in its bottom
(Tr. 1/74/ Feat. 2). Fills of hut remains contained four conical ceramic loom-weights and
pottery sherds typical for final phases of the Late Pre-Roman Period. Another interesting
feature from that site, excavated during the following season, was a lime kiln (Tr. II/75/
Feat. 1), common on Iron Age sites, oval in shape with steep sides lined with stones. This
kiln was sealed in its eastern half by a group of four slag-pits furnaces. The kiln contained
a very small amount of uncharacteristic pottery sherds but its bottom layer, rich in char-
coal, produced radiocarbon date of 2450 (+ 180) BP (Gd-448).

Another site discussed in this study is located under the present day town of Brwinow
(AZP No 58-63/11). As far as existing conditions permit its interpretation, it also was split
into two distinct zones: residential and production, the latter situated in the western part of
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Fig. 4. Brwinow Tr.1/99/Feat. 1. Mid-ex 5 2
plan. After: Dwg # Br. 3/99, author:
P. Holub.

Obr. 4. Brwinow sonda 1/99/objekt 1:
plén objektu po caste¢ném odkryti.
Podle: Dwg # Br. 3/99, autor: P. Holub. e : [ o
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the site. Several small scale rescue excavations took place mostly within the production zone
and resulted in the recording of just over a thousand slag-pit furnaces along with several
other archaeological features. Among these features was a well (Tr. I/99/Feat. 1), circular
in plan with a wide layer of packing deposit consisted of stones in shaft’s upper half (fig. 4).
Among large stones, forming a ring situated on the top of the packing layer, one block of
slag was also deposited. Backfilled material from the well’s shaft included pottery sherds
dating from the B1 phase of the Early Roman Period and, hence, suggesting early disuse
of the well. Another feature from the site, an oval hearth with black charcoal-rich layer
(Tr.I/98/Feat. 52c), was cut through by a slag-pit furnace (Tr.II/98/Feat. 45) situated in
its central part. The fill of the hearth contained pottery sherds pointing to the Early Roman
Period as the time of its formation, but in this case artefacts mark a terminus post quem
for the construction of that slag-pit furnace. The last interesting structure from the site of
Brwinow, presented in this paper, is a cluster of three slag-pit furnaces (Tr.II/98/Feats. 29,
30, 31) with a pavement stretched between them (Tr.II/98/Feat. 32), consisting of a lay-
er of fine stones and a layer of burnt clay acting as a cover. Very limited ceramic material
suggests that the structure was set in the Early Roman Period. Stratigraphic relations within
this group were clarified by one of the sections showing that in order to construct the stony
floor of Feat. 32 an exit channel of one of slag-pit furnaces (Feat. 31) was terminated below
the ground level. Thus in this case, smelting furnaces were formed prior to the pavement
and served as its corners.

The last archaeological site included in this study is Reguly (AZP No 58-65/14), located
just out of Pruszkow town. Parts of the site were unearthed in series of rescue excavations
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CHRONOLOGY
SITE / FEATURE Early Pre-Roman R Early Roman Late Roman
Period Period Period
BISKUPICE
S2/A4/Feat. 3a terminus post quem S
S2/AS5/Feat. 4 term. post quent--=-----=-======-=======~ -—p
S3/A38/Feat. 1 « ;
S3/A36/Feat. 28 e ——— terminus ante quem |
S2/A15/Feat. 1 Chronology uncertain
MILANOWEK-F.
Tr. 1/74/Feat. 2 [erinus post quem ------------------- »
Tr. 1/75/Feat. 1 222222222227272 >
BRWINOW
Tr. 1/99/Feat. 1 <2 term. ante quem
Tr.1/98/Feat. 52¢ ferm. post queni--------- »
Tr.11/98/Feat. 32 « term. ante quem
REGULY
1/2007/A17/Feat. 5 Ry — >
1/2007/A27/Feat. 2 term. post queni----------—- »

I period of occupation of archaeological features
———————— possible time-frame for slag pit construction

Tab. 2. Chronology of archaeological features and their stratigraphic relations with slag-pit furnaces.
Tab. 2. Chronologie archeologickych objekt( a jejich stratigrafické vztahy s pecemi se zahloubenou nistéji.

in advance of the phases of residential expansion of the present day village. The first of the
analysed features (Tr.I/2007/A17/Feat. 5), a pit with circular plan and a single black fill,
was sealed by two slag-pit furnaces (Tr 1/2007/A17/Feat. 10 and A27/Feat. 5) with both
slag blocks partially destroyed but with very clear cuts and distinct fills layers. Regardless
of whether the pit’s fill was primary or secondary it was formed before both smelting fur-
naces were constructed and material from that fill, again solely in the form of pottery sherds,
suggests formation time during the final stages of the Pre-Roman Period or slightly later.
Another feature from that site, the last example presented in this assessment, was a possible
hearth (Tr.1/2007/A27/Feat. 2) heavily affected by later iron production activity and dis-
rupted by a cluster of slag-pit furnaces, out of which three had slag blocks still preserved
in situ. Ceramic material from the hearth’s layer suggests it was in use at the beginning of
the Early Roman Period.

Having discussed examples of stratigraphic relations between slag-pit furnaces and
other archaeological features from the Mazovian Centre some general observations can
be drawn. The overall picture suggests that results of this assessment correspond with the
chronology of iron production suggested in S. Woyda’s papers. Several slag-pit furnaces
were set on remains of various features dated by archaeological material, mainly pottery,
to the Late Pre-Roman or Early Roman Period. No slag-pit furnaces were stratigraphically
later than features dated to the Late Roman Period (from phase C1 onwards) while some
structures dated to that period clearly destroyed existing remains of iron production activity
(tab. 2). It has to be mentioned however, that there was no investigation carried out on the
sites which, according to the surface survey reports, contained pottery of the Late Roman
Period and frequent iron slag debris. Among the analysed examples there are also cases
which prove early production of iron; they are in the form of slag blocks or slag fragments,
which were re-used during construction of other archaeological features, mainly wells, or
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No | “Cident. | Feature

b type
1 Gd-436 slag — pit 2020 (+/-150) BP oo Y - - -~ mmmmmmmeee
2 Gd-437 slag — pit 1940 (+/-155) BP oo -
3 | Gd-447 | slag—pit 2400 (+/- 170) BP
4 | Gd-448 | limekiln 2450 (+/- 180) BP
5 | Poz-488 | slag—pit 1900 (+-30)BP
6 Poz-489 slag — pit 2050 (+/-30)BP
7 | Poz-490 | slag—pit 2030 (+-30)BP
8 Poz-491 well | ]
9 Ki-11157 | slag — pit 2110 (+/- 60) BP
10 | Ki-11158 | slag —pit 2170 (+/- 60) BP
11| Ki-11159 | slag — pit 2205 (+/- 50) BP
12 Ki-11160 | well 1890 (+/- 60) BP
13| Ki-11161 | slag — pit 1940 (+/- 50) BP
14| Ki-11163 | slag —pit 1940 (+/- 70) BP

Absolute 1 [ | [ | [

chronology cal. 600 BC __ cal. 400 BC __cal. 200 BC BC/AD cal. 200 AD___cal. 400 AD

B 16 probability (68%) - 2 ¢ probability (95%)

Tab. 3. Radiocarbon results from Mazovian Centre of Metallurgy.
Tab. 3. Radiokarbonové vysledky z Mazovského metalurgického centra.

which were disrupted by their construction. Datable material retrieved from the fills of fea-
tures suggests the Early Roman Period as time of their use. This might indicate an early
phase of iron smelting in the Masovian Centre, a phase which preceded the culmination
of the production during the Early Roman Period.

These provisional conclusions can also be compared with the results of radiocarbon
analysis of the samples from the sites discussed above. Although only four results, analysed
in the late 1970s have been published so far (Pazdur 1990, 98-99) in fact there have been
in total 18 results of carbon dating from the Mazovian Centre (archives ADN/254), and
14 of them might be useful for this review (fab. 3). These samples came from three major
sites discussed in this study: Milanéwek—Falgcin (tab. 3: 3—4), Biskupice (tab. 3: 1-2) and
Brwinow (tab. 3: 5-14), and were mostly taken from charcoal debris collected from the
bottoms of the slag-pit furnaces (11 cases) or from other features (3 cases: 1 lime kiln and
2 wells) allegedly associated with iron production. The analyses were performed between
1976 and 2004 in three different laboratories: in Gliwice (Gd-436, Gd-437, Gd-447,
Gd-448), Poznan (Poz-488, Poz-489, Poz-490, Poz-491) and Kiev (Ki-11157, Ki-11158,
Ki-11159, Ki-11160, Ki-11161, Ki-11163). More than a half of the results from slag-pit
furnaces (7 out of 11) seem to be in line with the general view on the chronology of iron
production in the Mazovian Centre and belong to the final phases of the Late Pre-Roman
or Early Roman Periods, while another one can be placed slightly earlier but still within the
Pre-Roman Period (tab. 3: 9). The results from Milanéwek, samples from slag-pit furnace
and the lime kiln (fab. 3: 3—4), have been questioned since its publication as both were dated
to the beginning of the 5™ century BC (Woyda 1981, 95-96). However, such early dating
will be less surprising when stratigraphic relations of both these features are re-assessed.
The lime kiln, mentioned in the study (Tr.I/75/Feat. 1), clearly preceded phase of iron pro-
duction as it was sealed by series of slag-pits and a smelting furnace chosen for charcoal
sampling (Tr.I/75/Feat. 41) was part of that cluster. In such a situation the mixing of fills
and its organic contents was quite possible and sample contamination with earlier material
is a likely explanation for such a premature date for a smelting furnace. Two other early
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results secured from slag-pit furnaces from Brwinow could mark a very early phase of pro-
duction in the community before the Przeworsk Culture emerged or, in author’s opinion
more likely, could exemplify the ‘old wood’ effect. Measurements from other archaeolo-
gical features recorded on these sites offer various results. The case of the lime kiln from
Milanéwek has been discussed above while results from timber samples collected from
two wells, recorded in Brwinow and located not so far from each other gave different dates.
While the younger one (fab. 3: 12) fits comfortably within the period of intense iron pro-
duction, the other well (fab. 3: 8) was probably in use before production on the site started.
This example, together with the lime kiln from Milanéwek, might suggest also that not all
archaeological features found on sites interpreted as iron production centres should simply
be linked with metallurgical activity.

Therefore, it can be concluded that in the case of the Mazovian Centre of Metallurgy
where both zones, production and residential, frequently coexisted on many sites, analysis
of stratigraphic relations between slag-pit furnaces and other features may provide useful
information on the relative chronology of iron production during the occupation of each site.
However, this information might be more effective and could provide better results only
with full publication of these sites. For future research it would be very helpful if chron-
ological conclusions based on stratigraphic relations could be combined with the results
of radiocarbon or dendrochronological analysis in order to verify research findings with
scientifically proved chronology.

1 would like to thank Aga Dzazdzynska and Jennifer Mack for their help with illustrative material and English
grammar respectively.
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Socio-economic determinants of iron production
on Polish lands during antiquity

The phenomenon of metallurgical smelting centres
of the Przeworsk culture

Socioekonomické determinanty vyroby Zeleza
na polskych uzemich v dobé Fimské

Fenomén hutnickych center pfevorské kultury

Szymon Orzechowski

Metallurgical activity of the peoples living in the area known as Germania Magna is characterized by an
extensive and ad hoc nature which clearly is different from the centralized Roman production model.
In the so-called Barbarian parts of Europe however, there were regions where there was a specialized and
identifiably large mass production of iron. On Polish lands three such centres were active — in the Holy
Cross Mountains, in West Masovia and in some regions of Silesia. The presence within a single cultural unit
of several large metallurgical centres functioning on the basis of different organizational patterns is a unique
phenomenon and warrants reflection upon the causes of their creation and the meaning of production for
their neighbouring areas. These enormous logistical projects indicate the existence of yet unknown to us
interdependent social structures of large work teams in the population, evident over a period of several
generations. Their reconstruction can help us understand at least some aspects of the social and economic
life on Polish lands towards the end of antiquity.

ancient metallurgy — Przeworsk culture — metallurgical centres — social structures

Hutnicka cinnost lidi Zijicich v oblasti znamé jako Germania Magna se vyznacuje rozsahem a ad hoc cha-
rakterem, ktery se jasné odliSuje od centralizovaného rimského modelu vyroby. V tzv. barbarskych cdstech
Evropy vSak existovaly regiony, kde probihala specializovand masovd vyroba Zeleza. Na polskych tizemich
piisobila tri takovd centra — ve SvatokriZskych hordch, v zapadnim Mazovsku a v nékterych oblastech Slezska.
Pritomnost nékolika velkych metalurgickych center v ramci jedné kulturni jednotky, fungujicich na zdkladeé
riznych organizacnich vzorii, je jevem vyjimecnym a opraviiuje k iivahdm o pricindch jejich vzniku a o vy-
znamu vyroby pro sousedni oblasti. Tyto obrovské logistické projekty naznacuji existenci dosud neznamé
vzdjemné zavislé socidlni struktury velkych pracovnich tymii po dobu nékolika generaci. Jejich rekonstruk-
ce ndm miiZe pomoci pochopit alespori nékteré aspekty spolecenského a ekonomického Zivota na polskych
tizemich v dobé rimské.

starovéké hutnictvi — prevorska kultura — metalurgickd centra — socidlni struktury

Enormous progress that has taken place in archeo-metallurgical research in recent years,
has also led to a very worrying phenomenon which is associated with the gradual dehuma-
nization of the discipline. Fascinated with the opportunities offered by natural sciences,
we gradually lose sight of man and the complex socio-economic and political processes
which created the reality surrounding him, and decided about the development of the field
of economy that interests us — metallurgy. The archaeological community has ceased to
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understand us, which results in alienating our discipline from the mainstream of archaeo-
logy. I do not oppose analytical research and I consider it to be an indispensable element
of modern science. We have to remember, however, that devoid of a broader cultural con-
text, our findings can become merely a set of empty technical data.

In the area of the so called European Barbaricum we have encountered two organisa-
tion models of iron production. The first is represented by small workshops fulfilling the
immediate needs of local communities (Pleiner 2000, 45-47). The other trend in produc-
tion was realised by specialised metallurgical centres operating to satisfy the demands of
external markets. In Poland among those there were the Swigtokrzyskie Mountains and
Masovia. Despite popular knowledge of those technologies, Silesia represents a rather
extensive production model. Only the Brzeg region alludes to the aforementioned regions
of specialised metallurgy (fig. I).

It is generally believed that the skill of iron smelting was commonly known and prac-
tised among the Przeworsk culture people. It is to be confirmed by the presence of slag
found on a relatively large number of sites of the culture. It should be remembered, how-
ever, that the majority of such finds has not been unequivocally defined and assigned to
a smelting stage, and it cannot be ruled out that at least some of them were related to the
so-called post-reduction phase of the metallurgical process, which comprised activities
involving purifying iron and its further processing. An unclear chronological context of
a considerable part of those finds could result in manifestations of metallurgical activity
from other epochs being included in that group. It is symptomatic that discoveries of
bloomery furnaces have become relatively rare, and on many systematically researched
sites no traces of any metallurgical activity have been found. More evidence seems to sup-
port the idea that metallurgical production in Polish territories was distinctly regionalised.
Besides the already mentioned centres of specialised metallurgy, production activity in this
respect was conducted in some larger and several smaller clusters, both in the Przeworsk
culture area, e.g. in Greater Poland — in the central and upper river basin of the Warta,
Prosna and Obra; in Kuyavia — in the valleys of the rivers Zgtowiaczka, Bachorza, Note¢
and Parchan; in central Poland on the Pilica and Radomka rivers; but also of the Wielbark
culture — in the Gniezno Lake District and further north on the River Drwegca, and in Pome-
rania and PowiSle (fig. I). It is symptomatic that there are practically no metallurgical sites
on the upper Vistula River and in the Lublin region, in the areas of intensive settlement of
the Przeworsk and Wielbark cultures (Orzechowski 2013, 271-277). In the west, the clear-
ly outlined metallurgical region in the vicinity of Zary on the Bobr River should be asso-
ciated with the Luboszyce culture, as it alludes to a larger cluster of that culture in Lower
Lusatia (Spazier 1996; 2007). There remain small production complexes associated with
the Bogaczewo culture in Masuria and the post-Zarubintsy culture on the Narew River.

Because of the character of this study, I will limit it to the general characteristics of
the largest metallurgical mass-production regions, taking into account the scale and speci-
ficity of the production carried out there. I will also recall elementary data concerning the
Przeworsk culture whose people were the creators of those immense production under-
takings.

The people of the Przeworsk culture inhabited the area of southern and central Poland
between the turn of the 3™ and 2™ century BC and the mid-5" century AD, and belonged
to the largest and longest-lasting political systems in the regions. In Roman records they
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Fig. 1. Bloomery centres (1, 2, 3) and smaller smelting centres (marked with a small hatching) operating
in Polish territories within the Przeworsk culture and neighbouring cultural units. 1 — Swietokrzyskie Moun-
tains metallurgic centre and its potential enclaves; 2 — Mazovia centre; 3 — metallurgic regions in Silesia
(3 Brzeg area).

Obr. 1. Hlavni (1, 2, 3) i mensi hutnickd centra pasobici na polskych tGzemich v rdmci ptevorské kultury
a sousednich kulturnich jednotek. 1 — hutni centrum ve SvatokfiZskych hordch a jeho potencialni enklavy;
2 — Mazovské centrum; 3 — hutni regiony ve Slezsku (oblast 3 Brzeg).
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are known as the Lugii (Lugiorum nomen), and later they can be at least partially identified
with Vandal tribes (see Andrzejowski 2010).

Among many original elements of these people’s culture, particular attention needs to
be paid to their achievements in black metallurgy. Apart from the economic aspect of this
production, one can say they had a special preference for iron, which was used for pro-
ducing not only the indispensable tools and weapon but also some elements of clothing,
traditionally made from other metals. Iron fulfilled its basic function in grave furnishings,
where its amount implied the symbolic significance of this metal. All the above features
led to giving the Przeworsk culture the name of ‘the culture of iron’ (Orzechowski 2007a).
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Obr. 2. Plany riznych typl organizovanych seskupeni zahloubenych nistéji ve Svatok¥izskych horach

(podle Bielenin 1992).

Fig. 2. Plans of various types of organised slag-pit clusters from the Swietokrzyskie Mountains (acc. to

Bielenin 1992).



Archeologické rozhledy LXX-2018 395

It has already been mentioned that besides a few traces of iron smelting in the settlements
which satisfied local needs, the Przeworsk culture people organized some huge production
centres geared towards producing huge amounts of the material to be exported. The huge
smelting centres operating in the Swigtokrzyskie Mountains area, in Western Masovia and
in Silesia might have fulfilled this function.

The Swietokrzyskie Mountains metallurgical centre undoubtedly holds a special posi-
tion. Approximately 8,000 metallurgical workshops with over 550,000 furnaces worked
in the area of almost 1,000 km?. Jointly they could have produced about 11,000 tonnes of
iron, and the heyday of its activity was in the mid-2" century AD (Bielenin 1992, 190-197,
Orzechowski 2013, 245-250). The other large metallurgical region of the Przeworsk culture
located in the western Masovia comprised the area of about 300 km?. It is estimated that
from the 1% to the mid-2™ century AD there worked here between 120 and 150 thousand
furnaces which jointly produced about 1400-1800 tonnes of iron (Woyda 2002, 123-125).

Each of the above mentioned production regions worked out its own methods of orga-
nising labour and production technologies. For the Swietokrzyskie Mountains area, a typ-
ical form was so called ‘organised’ bloomery ironwork containing two furnace clusters of
almost identical layout, usually located outside the area of permanent settlement (fig. 2).
In Masovia, on the other hand, there were created enormous production settlements which
grouped from a few to several thousand of bloomery furnaces, located on the outskirts of the
dwelling area. Frequently, the furnaces here were inexplicably set in ideally straight lines,
200 to 300 metres long (fig. 3). In the biggest settlement recognised so far, in Milanéwek—
Falgcin, there could have operated up to 15,000 bloomery furnaces.

In turn, in the Brzeg region in Silesia metallurgical workshops created ‘nest’ complexes
consisting of several sites, remote from the settlement zone. Most frequently, they includ-
ed a metallurgical workshop, a forge and less often a settlement serving as a traditional
dwelling place. According to S. Pazda (1994, 168), in the 4™ and 5" centuries about 130 ton-
nes of iron were produced here.

It is worth noticing that centres of specialised metallurgy, operating in various regions
occupied by the Przeworsk culture people, were present throughout practically the whole
period of its existence, for almost six hundred years. At the earliest that trend in produc-
tion shaped in Masovia where, already towards the end of the younger pre-Roman period
(1** century BC), huge settlement-production complexes began to emerge. The apogee of
that activity occurred mainly during the Early-Roman period and distinctly slowed down
only towards its end. It is surmised that the phenomenon was directly related to the appear-
ance of the Wielbark culture settlements, identified with the Goth migration in eastern
Masovia in the mid-2" century. However, it did not mean a complete abandonment of that
activity. It was indeed “moved” outside the settlements and was considerably fragmented,
yet on some sites it might have developed even until the beginning of the 4™ century (pha-
se C2; Woyda 2002, 122, 123, 140).

In the Swigtokrzyskie Mountains, the beginnings of organised metallurgy date back to
as late as the end of the early-Roman period, though the majority of organised slag-pit clus-
ters functioned mainly in the 2" and possibly at the beginning of the 3™ century (phases B2
to C1b) Also in this case, after that period the activity did not disappear completely, but
might have survived in the form of fragmented manufacture further into the late-Roman
period (Bielenin 1992, 167-179; Orzechowski 2007b, 72-91).
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Fig. 3. Plan of the examined section of the settlement in Biskupice with a characteristic borderline along

which the furnaces were concentrated (acc. to Woyda 2002).
Obr. 3. Plan zkoumané ¢asti sidlisté v Biskupicich s charakteristickou hranici, podél které byly pece koncent-

rovany (podle Woyda 2002).
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Slightly later than the beginnings of mass production in the Swigtokrzyskie Mountains
region, some metallurgical regions in Silesia also started to operate whose heyday occurred
mostly during the younger and Late-Roman period. More than 50 % of all smelting sites
in this region are associated with the phase C of the Roman period (mid-2" — beginning of
the 4™ c.). The end note of organised production was the so-called Brzeg metallurgic region
dating to the phase D (second half of the 4™ — mid-5" century; Madera 2002, 66, 67).

We do not know, however, whether they were created as a result of single decisions
of strategic character, or by evolution — as a result of increased demands for iron needed
by developing settlements. In the former case, one would have to assume the existence of
a thriving headquarters that would be responsible for it and find a motivation for making
such decisions. In the latter, one would have to explain how such specialized forms of
team-work organization could have spontaneously emerged in agricultural environments
and, what is more, in the domain so remote from pre-industrial economy?

The key to explaining the origin, the principles and the time when mass production
functioned is the issue of potential markets for the iron produced here. Indicating con-
sumers for the metallurgical regions in Silesia poses the least problems. One can see here
a clear correlation between the settlement development and the increase in metallurgical
production. The Brzeg region must have had the largest range of influence, though it worked
mainly to satisfy the needs of the Brzeg—Otawa settlement region, but might also have
supplied lands on the Widawa River, and between the Otawa and the Nysa Ktodzka rivers
(Pazda 1994, 171, 172). Upper Silesia was rather self-sufficient in this respect.

The centre in Masovia, operating mainly during the Early-Roman period, was at the
time the only region producing large surplus of the material within the Przeworsk culture
area. Among its direct consumers there must have been the neighbouring settlement region
on the Bzura River and through it probably also the central-Poland settlement cluster in the
vicinity of Lodz (Skowron 2006, 26, 162). The presence of early-Przeworsk sites in the
Vistula River valley might also indicate close ties between that region and the Sandomierz
Upland. One might assume that iron from Masovia stimulated the economic development
of the Przeworsk culture in its older stages of development.

Naturally, the intended purpose of the immense production of the Swietokrzyski re-
gion excites most controversy. If we assume that the time of functioning of the so-called
organised slag-pit clusters where mass production was carried out was relatively short,
i.e. was enclosed between the end of the 1% and the beginning of the 3™ century AD, then
the issue acquires a completely new dimension.

The idea of the iron export to Roman provinces should naturally be ruled out, but its
occurrence within the limes zone (Roman borderland) is more likely. The thesis that increas-
ed production in the Swictokrzyskie Mountains might have been related to the Marcomanni
wars seems very attractive (Woyda 1982, 112-116; Urbariczyk 1996, T; Bielenin 2002, 19;
Oledzki 2008, 165; Orzechowski 2013, 255-256). It seems to be indicated by numerous
premises, such as the inflow of Roman imports into metallurgical areas, the chronology of
the organized furnace clusters, and the political situation in the Roman borderland zone.
Cassius Dio (Historia Romana LXXI, 12) mentions an alliance from the year 171 between
the Romans and the Cotini who previously traditionally supplied that market with iron.
In the year 173 the foedus was already broken, and the rebellious Cotini were relocated
probably to the south bank of the Danube. It cannot be ruled out that after the end of the
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war and the fall of the Cotini in Slovakia, a new ready market opened in this area. It is also
possible that even earlier, at the height of the Marcomanni power, some amounts of iron
from the Swietokrzyskie Mountains might have arrived there as trade goods or a tribute
for that tribal union (compare Modzelewski 2004, 438—439).

However, if we assume that the whole of the enormous production was left on the site,
then we also have to accept that it must have triggered certain economic processes within
the Przeworsk culture itself. After all, ‘pumping’ such large amounts of strategic material
into the economy must have affected its development. Perceived at the turn of the early and
younger Roman period, acceleration of settlement processes within many regions of the
Przeworsk culture, as well as its expansion southwards might have been related to the mass
production of iron (compare Godtowski 1985, 81-87, 129-131).

Analysing the phenomenon of mass production of iron in the Przeworsk culture, one
has to ask the question how economic enterprises, the running of which exceeded the pos-
sibilities of individual manufacturers, or even of organisational structures such as family
or neighbourly community, might have functioned in the social conditions existing at the
time? The political system of the barbarian world towards the end of the antiquity created
a multi-stage social structure, defined as segmentary lineage (Modzelewski 2004, 349).
Besides a family and a territorial-neighbourly community identified with districts known
as pagus mentioned by Tacitus (Germania 6, 12, 39) and Caesar (Commentarii de bello
Gallico 1V, 1; VI, 23), there also existed superior units, namely a tribe civitas.

The majority of questions related to everyday functioning of those small communities,
such as undertaking economic activities, observing traditions, as well as social order, must
have been resolved at the level of those units. A community of a higher order, consisting
of many such organisations, namely a tribe civitas, operated mostly in the face of a threat
of warfare, or when undertaking migration. Social integration within that highest segment
was based on a variety of relationships: family ties, neighbourly, ethnic but also on a com-
mon tradition and cult. The permanence of such ties must also have been influenced by
a form of administrative constraint. Tacitus (Germania 7) mentioned limited royal power
which can serve as evidence that the binder and executor of obligations were not only pri-
vileged individuals.

It is assumed, that at least during the older periods they were egalitarian societies, and
the superior authority was limited to the issues of cult and warfare (Wolfram 1996, 72;
Kolendo 2008, 124-125; Heather 2012, 70). Who, therefore, made social and political de-
cisions and who enforced obeying certain decisions important for the society? According
to some researchers, the assembly served that purpose at the level of neighbourly, but also
tribal relations. How could huge metallurgical centres of the Przeworsk culture function in
such realities, and how can one explain the stability of economic activities they conducted?

Commodity production of iron in the Przeworsk culture reflects social interrelations,
unknown to us nowadays, connected to team work of large groups of people subordinate
to the superior idea, and realized for a period of at least a few generations. It is curious,
that metallurgic centres were generally located in areas previously undeveloped, with poor
settlement traditions, or on the proverbial cruda radice. One has to assume, that already
at the moment they were established, particular components of the created settlement
network were adjusted to realising specific production tasks on the above-regional scale.
At the same time, they were in direct vicinity of large settlement clusters.
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Activities relating to iron-smelting production were carried out on the considerable area
covering — as was the case of the Swietokrzyskie Mountains centre — almost 1,000 km?2.
The metallurgic zones in western Masovia and between the Odra, Otawa and Nysa Ktodzka
rivers — Brzeg region — were much smaller, yet even they occupied the area of 300 km? each.
Though not the whole area had to be excluded from agricultural use, a part of it suffered
natural degradation which made it useless for food production. The belief that large areas
of ‘no-man’s land’ existed within the already settled areas at the time is more and more
frequently challenged. All farmland, including pastures and woods, as well as land lying
fallow temporarily belonged to neighbourly communities and access to them must have
been restricted (Modzelewski 2004, 257-259; Rodziriska-Nowak 2012, 117-123). It seems
that locating metallurgical activity in wasteland or zones of dispersed settlement was large-
ly related to the restricted access to ‘free’ plots of land within the already developed zones.
Thus the threat already signalled by ancient authors, of conflict between miners, smelters
and farmers, caused by pollution of water, soil and air was postponed.

Let us look at the team work phenomenon in metallurgy, which had inevitable conse-
quences for the order and social relations existing at the time. In primitive communities
that were generally characterised by an egalitarian structure, aims requiring joint efforts
of large groups of people were fairly rare. Apart from defending the shared territory or
seizing new lands, it is difficult to find activities — especially of economic character — trig-
gering the need of cooperation on a larger scale. In the region of our interest one can point
out only two undertakings that required integrated activities of larger groups of people.
The first was associated with ‘servicing’ the Amber Road, the other with production of iron
in large metallurgical centres (Urbariczyk 1996, 4-8). In a certain way, though on a much
smaller scale, sites producing the so-called manufactured ceramics within the Krakow re-
gion allude to that model. It was also there that production settlements specialising in mass
manufacturing of pottery for sale were established.

In the case of such large logistic enterprises as those encountered while mass-producing
iron, there appears the question concerning the principles of its supervision and division
of profit. After all, it is generally known that those regions were not exceptionally affluent.
In settlements and burial grounds found in the specialised iron-smelting zone one cannot
see the wealth of the material produced here. If we observe a certain accumulation of
luxurious commodities, they are usually outside the production zone and bear evidence of
profits concentrated in the hands of a narrow privileged group. An excellent example here
is the valley of the Kamienna River, where large monetary deposits and numerous import-
ed objects were found (Orzechowski 2000). In this context it is difficult to agree with the
belief stating there was no fully hierarchical society during the first two centuries after
Christ, when the largest Przeworsk culture metallurgical centres operated. Another model
seems more likely, which assumes that already at the turn of the eras at least some tribal
organisations possessed clearly distinguished power structures in the form of the elders,
as well as ‘kings’ who did not limit themselves merely to representing and serving a cult
(Heather 2012, 56, 58, 61). It is confirmed by information documented in the sources, that
the Suebian people who arrived in Gaul, but also the Marcomanni, Quadi, or Cherusci were
led by rulers with a strong position. If we assume that the model of making decisions impor-
tant for particular communities was based only on the system of the assembly acclama-
tion, then how can one explain the stability of the discussed economic enterprises realised
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throughout the period of several generations and their perfect organisation? Only strong
executive authority could guarantee running such large economic undertakings.

Considering those conditions, it is also worth looking closer at the distribution of re-
gions of centralised metallurgy on maps of the Przeworsk settlement. We can see that they
were generally located outside the large stabilised settlement clusters (see Godtowski 1985,
maps 1-6, 9). However, it does not mean that they operated in complete isolation from
main settlement regions. The Swictokrzyskie slag-pit clusters from the Eysogéry range area
obviously leaned towards the great settlement macro-region in the Sandomierz Upland,
while western Masovia must have had various connections with the settlements on the low-
er and middle Bzura River, and possibly also with the area of eastern Masovia. Similarly
the Brzeg region was established between two largest clusters of the Lower and Upper
Silesia and, as has been mentioned before, might have served an ancillary part in relation
to the Bystrzyca-Otawa region regarded as the largest tribal territory in this area.

A close relationship between metallurgical centres and strong territorial organisations
was fully justifiable, or even necessary. Considering the then level of agriculture and its
low effectiveness, even temporary releasing a part of the population from the duty of ac-
quiring food and transferring them to production tasks in metallurgy, required primarily
large demographic reserves and appropriate economic stimuli, but also certain coercive
measures. If we accept, after K. Czarnecka (1990, 115), that about 30 % of the population
at the time were small children and elderly people who did not participate in the production
process, the problem of workforce for that very demanding branch of economy becomes
even more acute.

Respecting certain organisation principles by direct producers in such a vast territory
during a period of probably a few generations, indicates the existence of stable social and
political relations in the mass production regions. Only strong territorial organisations might
have legitimised and supervised such activity. Even if we assume, that iron produced by
the discussed metallurgic centres was distributed only in the Polish lands, iron trading must
have been approved of and protected by above-regional political structures. In the context
of the existence of stable roads for trading amber which had to travel even further from
its source to its purchaser, such an assumption appears highly likely. In the Przeworsk
culture area the freedom of such trade might have been guaranteed by the Marcomanni
rulers. The time of its decline partially overlaps abandoning the mass production and its
fragmentation, and consequently popularisation of the technologies in the whole area of
the Przeworsk culture.

With such a large-scale production, requiring collective efforts of specialists from vari-
ous fields — such as mining, preparing raw materials, smelting and iron processing — there
must have been diverse problems connected to storage, distribution and transport of large
amounts of that strategic material. Family institutions, and even neighbourly communities,
were too weak to ensure continuity of production with insufficient workforce, or the safety
for producers. Considerable food surplus must also have occurred, which allowed teams
of smelters and ore miners taking care of production to be, at least temporarily, excluded
from farming the land or animal husbandry.

There is much evidence of the long-distance iron trade, and not only in the organised
and centralised Roman world (Straube 1996; Bielenin 1999, 209-212; Serneels 2004,
206-213). Despite internal political division in pre-Roman Gaul, metallurgical regions of
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the Senones, Bituriges-Cubi or the Cenomani supplied iron to even very remote areas where
no traces of native metallurgy were found. It was possible thanks to the supervision of the
powerful Aedui tribe, who controlled more important trade routes between central and
eastern Gaul at the time (Orzechowski 2007c, 256, 257). In the Przeworsk culture lands
the freedom of such trade might have been guaranteed by the Marcomanni state. The time
of its decline partially coincides with abandoning the mass trend in production and its
fragmentation and, consequently, popularisation of those technologies on the entire area
influenced by the Przeworsk culture.

Finally, it is worth drawing attention to yet another social aspect of conducting produc-
tion activities on a scale exceeding everyday needs of local communities. It is believed,
that iron metallurgy was one of the first crafts to emerge from the trends of natural economy.
Specialist and arcane knowledge and technical skills, as well as expensive tools caused it
to be an occupation for a specialised professional group. A complicated and multi-stage
process of iron production made it necessary to split competence. The size of production
carried out within large metallurgical centres finally must have influenced establishing spe-
cialised groups of manufacturers providing production workshops with sufficient amounts
of raw material, or realizing subsequent stages of the metallurgic process. If we assume
that only one large organised slag-pit cluster in the Swigtokrzyskie Mountains needed
almost 20 tonnes of iron ore, and at least as much of charcoal, and its production capacity
might have equalled even 2 tonnes of iron, then we must also assume that the appropri-
ately numerous and prepared staff of ore miners, charcoal burners, smelters and black-
smiths must have been delegated to man it (Bielenin 1992, 190-197; 1999, 201-203).
Only such organisation of work, based on advanced job specialisation, might have man-
ages such a challenge and ensure continuity of production.

Iron production in the Przeworsk culture is a phenomenon of particular significance
for the history of Polish territories towards the end of the antiquity. An analysis of the
creation and functioning mechanisms of the mass trend of this activity is indispensable
for understanding the complicated social-economic and political processes occurring at
the time, not only within the Przeworsk culture but also in the whole central and eastern
Europe. Without a thorough analysis of mutual relations and references between that ex-
tremely important sphere of productive activity and the cultural development of the peoples
inhabiting the Polish lands at the time, we will not create a credible image of that realty.
In view of the lack of written records and limited significance of classic archaeological
sources from that period, determining economic indicators and organisation requirements
needed for the functioning of those enormous production enterprises would allow for
answering several questions concerning the character of the then existing social structures
and their mutual relations. The image of independent, but at the same time lazy, pleasure-
seeking and belligerent Germani, evoked in written sources, does not match their achieve-
ments in the field of metallurgy which required enormous workload and abiding by the
rules of teamwork. Broadening the range of research on the prehistoric iron metallurgy by
examining the previously neglected social-economic and political aspects of such activity,
can contribute new data to the image of a broadly understood cultural model of barbarian
communities of the so-called Barbarian Europe, we are trying to recreate.
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Early medieval iron bloomery centre
at Zamardi (Hungary)

Complex archaeometrical examinations of the slags

Rané stredovéké hutnické centrum v Zamardi (Madarsko)
Komplexni archeometricky prazkum strusek

Béla Torok - Zsolt Gallina - Arpad Kovacs - Ferenc Kristaly

Archaeological excavations at Zamdrdi (Hungary) revealed one of the largest early medieval iron smelt-
ing centres in Central Europe with about a hundred ore-roasting pits, twenty bloomery furnaces, reheat-
ing furnaces and a forge. In addition, a related Avar settlement dating from the 7" to 9" centuries was
also unearthed, with remains of carriage roads, about twenty houses with stone furnaces and a number
of open-air furnaces. The bloomery remains fit into the series of furnaces of the 7" and 8" centuries found
previously on other sites in former Pannonia. As a part of a complex research project, more than a hun-
dred slag samples from Zamdrdi were examined by XRF, ICP, XRD and SEM-EDS. Different slag types
and their metallurgical roles were identified. We concluded that the nature of archaeometallurgical sites
can be confidently determined by the typological examination of several kinds of slag.

Avars — iron smelting — bloomery — slag — archaeometry

Béhem archeologickych vyzkumii v Zamdrdi (Madarsko) bylo odkryto jedno z nejvétSich stredovékych
stredisek hutnictvi Zeleza ve stredni Evropé s asi sto jamami na praZeni rudy, dvaceti Zelezdrskymi pece-
mi, vyhiivacimi pecemi a kovdrnou. Kromé toho bylo objeveno souvisejici avarské sidlisté z 7.—9. stoleti
s poziistatky vozovych cest, asi dvaceti domy s kamennymi pecemi a radou venkovnich peci. Poziistatky
Zelezdrské vyroby zapadaji do série ndlezii peci ze 7. a 8. stoleti, které byly objeveny na jinych mistech
nékdejsi Panonie. V ramci komplexniho vyzkumného projektu bylo analyzovdno vice neZ sto struskovych
vzorkii ze Zamdrdi, a to pomoci XRF, ICP, XRD a SEM-EDS. Identifikovdny byly rizné druhy strusky
a jejich vztah k hutnimu pochodu. Dospéli jsme k zdavéru, Ze zdkladni rysy archeometalurgickych lokalit
mohou byt spolehlivé stanoveny typologickou klasifikaci nékolika druhii strusky.

Avafi — hutnictvi Zeleza — Zelezafska pec — struska — archeometrie

1. Introduction — historical background

There is no evidence for siderurgy on a vast scale in Roman Pannonia. Currently, there is
no archaeological evidence of furnaces associated with iron reduction and as few as one
and a half dozen of smithy workshops are known from this period (Gomdori 2000a, 220;
Rupnik 2014, 273). The smithy workshops in Pannonia might have been supplied with raw
material from the metallurgical centres of Noricum, Dalmatia and Siscia (Gomdori 20000,
220). The iron metallurgical centres in Dacia Ripensis province (East Serbia) were found-
ed at the end of the 3™ century, and were abandoned due to the attack of the Huns in 411.
These centres were reorganized by Imperial orders in the 5™ and 6™ centuries and might
have operated until the end of the 6™ century or the beginning of the 7" century (Gomdri
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Fig. 1. Roman routes and
Avarian iron working sites
in Pannonia — 1 Zamardi,
2 Kaposvar, 3 Bataszék,
4 Tatabanya (Avarian
smithy?), 5 Tarjanpuszta,
6 Surroundings of Neme-
skér and Zillingtal, K, S,
F, A Roman fortresses
(G6méri 2012, 28).

Obr. 1. Rimské komuni-
kace a avarské Zelezarské
lokality v Panonii — 1 Za-
mardi, 2 Kaposvar, 3 Bata-
szék, 4 Tatabanya (avar-
ské kovarna?), 5 Tarjan-
puszta, 6 okoli Nemeské-
ru a Zillingtalu, K, S, F, A
fimské pevnosti (Goméri
2012, 28).

2012, 26-27). Nevertheless, in the relevant iron reduction sites near Pannonia, the volume
of iron production was not consistent from the Late Antiquity through the Middle Ages.
It is notable, however, that the Avarian iron smelting sites commonly were established
in the areas of Roman settlements (vici, villae), which raises the possibility of continuity
(fig. 1, Szentpéteri 2009, 237; Gomori 2000a, 223; Gomori 2012).

Beyond the borders of the Roman Empire in the Carpathian Basin, in the territories of
the Sarmatians and Imperial Period Germans, archaeological data concerning iron smelting
is meagre. However, remains of smithy workshops have been recovered from Sarmatian
and German sites (Kulcsdr — Jakab 2009, 59; Lonhardt 2012).

After the fall of the Roman Empire, an identical situation seems to have occurred re-
garding iron production; that is, evidence of iron reduction is poor while iron working evi-
dence is common. Although fairly numerous iron objects are known from the 5-6"-centu-
ry burials of the Migration Period Germans in the Carpathian Basin (primarily Gepids and
Langobards), German bloomery furnaces have not been found in Hungary. As a result, it
is ambiguous whether the iron smelting technology of the Avars, who took over former
Pannonia succeeding the emigration of the Langobards in 568, is related to previous local
or western influence to any extent.
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A common feature of the iron and metal production culture of the Gepids and the
Avars, who moved to the Carpathian Basin during the final decades of the 6™ century, is
the presence of smith burials. The artefact inventories from these graves are very similar
in relation to the shape and amount of tools as well as for their weapons (Beninger 1966,
177-178; Tejral 2008, 71; Rdcz 2009, 75-80). A certain degree of correlation may be
assumed about iron working between the Germans and Avars, but the same cannot be
proposed for iron reduction. Additionally, some of the tools of the Avarian iron smiths,
including anvils of truncated pyramidal shape, hammers and flat pliers (Rdcz 2009, 79,
fig. 13), follow German types that had widely been used since the Roman Period (Rdcz
2009, 75, 79-80).

By tracking down the migration of the Avarians from the eastern steppe region to the
Carpathian Basin, as well as the movement of their various ethnic components over time,
it becomes clear that for several hundred years they could have been in contact with peo-
ples and empires having a sophisticated iron metallurgy, such as the Juan-juan Empire in
the 4"—6™ centuries and the succeeding Turkic Empire (552-745) (Gémdri 2008, 65-68;
Vidsdry 2009, 21, 34-37). The antecedents and analogies of the Avarian iron smelting fur-
naces (Semykin 2015, 13, fig. 31) are evident at Volga Bulgarian sites (Fjodorov-Davidov
1996, 15) and in villages and iron reducing centres dating to the 6™ and 7™ centuries in
the Podolian Upland, located to the East of the north-eastern Carpathians (Gomaori 20000,
179). Extensive iron metallurgy, indicated by the regular occurrence of smithy workshops
and iron reduction furnaces, also was pursued in the settlements of the Khazar Empire
(7M-10"™ centuries; Fodor 2009, 52). Their characteristic underground furnaces, supplied
with two subsurface tunnel-like bellows, do not occur either on Avarian or on later, Hunga-
rian Conquest Period sites in the Carpathian Basin (Pleiner 2000, 188, 190, fig. 51).

The population of the Avarian Kaganate became even more heterogeneous in the sec-
ond part of the 7" century. It was the Onogur group, settled around 670, who started ex-
ploiting the bog iron deposits of the Carpathian Basin for the first time. The culture of the
newcomers presumably led to important changes in the lifestyle of the already heteroge-
neous local Avarian population. During the second half of the 7" century, they might have
established iron working settlements exclusively on the territory of the Avarian fudun
(Princeps Pannoniae, western proconsul), in former Pannonia, in the territories of Roman
villae and vici, and, for easier transport, along Roman roads (fig. 7). The development of
these iron working settlements reached a peak in the 8" century and, as the available data
indicate, they survived the fall of the Avarian Empire. Their technological heritage lasted
up to the end of the 9™ century, with influences extending even to the Hungarian Conquest
period (Gomori 2000a, 221-239). Their iron working activities were centred in two main
regions, in northern Transdanubia of today’s western Hungary (mainly the Prealpine re-
gion) and in southern Transdanubia, mainly of the territory on today’s Somogy County
(Gomori 2012, 29). In some workshops south of Lake Balaton, e.g. Zaméardi and Kapo-
svar, iron workers and smelters might have lived and worked together. Although Avarian
iron production decreased if compared to the Roman period, it was still significant, since
they succeeded in reducing iron import dependency (Gomdori 2000a, 221-239).

The Avarian iron working technology stemmed from territories to the east of the Car-
pathian Basin. In addition to their ancient eastern roots, the influence of the Onogurs in the
Carpathian Basin is important as well and interactions with the Bavarians and the Moravi-
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ans also may have played a part too (Pleiner 2000, 276277, figs. 13, 49). After the fall
of the Avar Kaganate, lasting about 250 years, the territories north of the Rdba River were
annexed by the Carolingians to the Frank-Bavarian zone of influence under the name of
Pannonia Superior in the 820s. The local Avarian smelters were divided in several comi-
tates by the Bavarians, and were forced to pay their taxes in iron (Gomori 2008, 74).

2. Archaeology of the Avarian Age ironmaking
in the Carpathian Basin

The highly developed ironworking skills of the Avarians are indicated by the burial in-
ventories and by the vast amount, great complexity and wide variety of Avarian Age iron
artefacts. Gomori (2000a, 222-223) listed 33 archaeological sites related to Avarian iron
working, among which 26 are located in Transdanubia; their amount has increased during
the past twenty years. As a result of the significant earlier excavations of Avarian bloomery
workshops in Hungary (Gomdori 2000a, 102—-126, 210-216, 185-196,) and of the archaeo-
metallurgical studies, the historical background and main operating stages of the bloomery
process in the period were successfully outlined (Gomori 2000a, 221-256).

Among the early medieval iron working sites in Central Europe discovered in the past
few decades, the workshops at Kaposvér, Zaméardi and Bétasz€ék are most important. In
2001, the excavation at Kaposvar-Fészerlak unearthed more than 400 Avarian Age fea-
tures associated with iron working across a total of 17,500 m? area (Gallina 2002). This
is the second largest known Avarian ironmaking sites in Europe, featuring the most char-
acteristic structures recorded on iron reduction sites of the same period. The peculiarities
of the site include wells with well-preserved wooden constructions; the source of water for
iron working (Gallina 2002, 80-82). The adjacent late Avarian Age cemeteries and set-
tlements and the sizeable bloomery workshops, presumably owned through special rights,
shows that the site was a regional centre. The recovered bloomery workshops, found in
a single archaeological layer, might have operated over the course of a surprisingly short
period, between the end of the 7 century and the mid-8" century (Gallina 2002)

At Bataszék-Nagyorros, Avarian bloomeries (a total of 25 features in an area of 1,000 m?)
were better preserved than those at Kaposvar, thus their structures could be easily recon-
structed. Several types of furnaces of the 8Mand 9™ centuries were found in this site. They
forecast important changes in the previously somewhat rigid typology (Gomari 2000a, 242)
and also show transitions to the furnace types of the Hungarians (Czovek 2010, 213-241).
Traces of a furnace type were found that is structurally transitional between the so-called
‘Avarian type’ (Gomori 2000a, 242, fig. 157: 1: more or less free-standing bloomery, with
a subsurface base) and the 10™-century Hungarian ‘Fajsz-type’ furnace (Gomdori 2000a,
240,242, fig. 157: 4: fully built in the wall of the workshop). A 3D theoretical reconstruc-
tion of this transitional type is shown in fig. 2.

Two Avarian bloomery furnaces and their related workshop pits were unearthed recent-
ly at Zillingtal (Austria), near the Hungarian border. According to Mehofer (2010, 229)
these features also represent a transitional type between the free-standing and the built-in
types. Based on the recovered tuyere fragments and the amount of slag, the workshop
served the local iron market only.
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Fig. 2. Theoretical reconstruction of a transitional type bloomery at Bataszék (Cz6vek 2010, 239).
Obr. 2. Teoreticka rekonstrukce pfechodného typu Zelezarské pece v Bataszéku (Czévek 2010, 239).

At Zamardi, on the southern bank of Lake Balaton, four sites were excavated in 2005
and 2012. The nearly 1,500 archaeological features recovered from a total area of 27,700 m?
date to six periods. The Avarian Age is represented by 580 features, including nearly 100 ore
roasting pits, around 20 bloomery furnaces, as well as additional traces of a half-dozen
demolished bloomeries. Two reheating fireplaces and a smithy workshop also were un-
earthed. Beyond smelting-related features, 20 houses with built-in fireplaces and over
100 outdoor fireplaces were found too. The excavations revealed an iron working centre
and settlements of outstanding importance in the Avarian Age that stretched more than
1 km in length (fig. 3).

The various workshops and settlements at Zamardi occurred sequentially; since more
workshops were added southward, all the finds and features related to iron metallurgy found
in the southernmost area date exclusively to the late Avarian period. The settlement features
are only partially associated with the smelters’ centre, and were partly found in younger
archaeological layers. The complex of bloomery workshops and settlement, 1,100 m in
length and 150-200 m in width, was in used from the middle of the 6" century to the end
of the 9" century (much more longer period than that of Kaposvar), ranging from the
Langobard era to the Hungarian conquest (Gallina — Hornok — Somogyi 2007a, 153-168;
2007b, 71-81; Gallina 2011, 179-198).

The importance of the excavation at Zamardi is highlighted by the 2,500 graves found
just 400-500 m away from the settlement. They form one of the largest known early and
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Site 89

Fig. 3. Aerial photograph of the excavation sites at Zamardi and 3D-reconstruction (made by Pazirik Kft
based on Zs. Gallina’s instructions) of the southern part of site 89. Photos in figs. 3-5 by Zs. Gallina.
Obr. 3. Letecka fotografie vyzkumu v Zamardi a 3D rekonstrukce jizni ¢asti lokality 89.

late Avarian Age cemeteries in the Carpathian Basin (Bdrdos 1992, 55; 1996, 48). In this
cemetery, Germanic influences may be recognized, such as the characteristic sealed pot-
tery. Some researchers suppose that the seat of an Avar kagan was located at Zamardi
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Fig. 4. Traces of a bloomery workshop covered by a roof.
Obr. 4. Stopy zastieSené Zelezarské dilny.

(Szentpéteri 1995, 242-243) or at least the capital (ordu) of a high-status individual from
the closest entourage of the kagan (Bona 1986, 14), while others do not share this opinion
(about this subject see Gomaori 2000a, 221-223).

The remains of operational processes preceding the smelting at Zamardi are the round
hollows (workshops) with a diameter of 2-3 m and a depth of 20-35 cm. They can be found
in a relatively small area in a great number in groups. The bloomeries in the workshops,
with circular, oval or horseshoe-shaped bottom, were built with thick walls. Their hearths
had a foundation of finely polished clay that was mixed with sand. The diameters of the
hearths vary largely between 30 and 95 cm. The outer arc of the hearths reddened for
10-20 cm in thickness and their inner part turned into grey by the heat 5-10 cm in thickness.
On some occasions, larger slag blocks were found inside the furnaces. It was possible to
reconstruct their form which was cone-shaped or bottle-shaped, i.e. larger at the base with
a narrow upper section. It might reach a height of 70-80 cm. Large variations are evident
in the shape and position of their slag holes and breast-wall holes. The air blowing was
performed by using probably one bellows through a clay tuyere embedded in the middle
of the breast-wall. Sometimes these furnaces were restored and restructured. Among iron
working features, superpositions also occurred (Gallina — Hornok — Somogyi 2007a, 164).
The bloomeries are often found in groups of various size. At Site 89, two complex work-
shops covered by a roof with the ore roasting pits under it were unearthed (fig. 4; Gallina —
Hornok — Somogyi 2007a, 160).
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Semi-subterranean bloomeries with only their hearths dug in the ground, classified as
‘Avarian type’, were found at Magyaratdd (Gomori 2000a, 109-110), Zaméardi (Gomori
2000a, 211-213) and Tarjanpuszta (Gomori 2000a, 187-193; Pleiner 2000, 171, fig. 44: 1).
These sites date to the late Avarian Age. The Avarian furnaces at Zamérdi, Kaposvar and
Batasz€k were sunk into the ground, a substantial part of their height was built into the wall
of the workshop, equipped with breast-wall and tuyere (Czovek 2010, 213-224; Gallina
2011, 179-198). Thus, these features were somewhat similar to the 10™-century Hungarian
furnaces found at Somogyfajsz, 50 km from Zamardi (Pleiner 2000, 173, fig. 45).

The outcrops of near-surface bog iron ore with limonite concretions used for smelting
were probably along the neighbouring stream at Zamardi (Gomori 2000a, 258, fig. 159: a).
In the fill of some features large amounts of roasted iron ore were found. On the basis of
the investigation of related finds and the smelting experiments it can be presumed that ore
and charcoal were broken to a grain-size of 1-2 cm. The furnace was dried before proces-
sing with wood and charcoal, then it was heated to a constant high-temperature-profile.
The quantity of ore for one smelting process reached 10—15 kg. During the continuous air
blowing, the charcoal was further added in order to maintain the furnace temperature
(1150-1350 °C in the hearth) and reducing atmosphere. The use of slag forming materials
could not be detected but it cannot be excluded. The relatively high quantity of slag is
a characteristic feature of the bloomeries at Zamdrdi. A great number of large pieces of
tapped slags flowing into the slag-pit in front of the open tap hole on the bottom of breast-
wall and of furnace slags taken out of the furnace at the end of smelting were found. After
completing the metallurgical process, the bloom of a weight of 1-3 kg drawn through the
opened breast-wall was heated on the round mildly dished reheating fireplaces near the
furnaces and compacted and purified by hammering out the slag inclusions and gathering
ups by using a wooden hammer (Torok — Kovdcs — Gallina 2015, 236).

Surprisingly only one forge was unambiguously identified at Zamardi (fig. 5). The rea-
son could be, according to Gomari (2000a, 278), that these structures were timber-framed
constructions that tend to decay relatively quickly. Nevertheless, semi-subterranean forges
had been built at Tarjanpuszta already in this period and remained in use until the 12" cen-
tury.

Zamardi was both a settlement and an iron working site. The volume of iron production
was considerably larger on this site, with significantly larger furnaces and workshop pits
as well as many ore roasting pits, than at the shorter lived Kaposvar smelters settlement.
However, if compared to the amount of furnaces only, a small number of breast-walls and
tuyeres were recovered. The approximately 100 outdoor ovens for baking and meat smok-
ing, renewed several times, indicate daily activities connected with the smelters centre.
Large numbers of millstones were also found (Gallina — Hornok — Somogyi 2007a, 160).
The long period of continuous site use may imply the vicinity of a strong power centre;
this assumption seems to be supported by the above mentioned large cemetery. By con-
trast, at Kaposvar the scale of production was lower as indicated by smaller furnaces and
fewer roasting pits but aided with relatively high numbers of tuyeres and breast-walls.
Additionally, only a few residential buildings were unearthed on the smelters’ settlement
or in its vicinity at Kaposvar. Thus, it may be assumed that this site was specialized in
iron production. This also gives a hint about the different work management strategies in
the period (Gallina 2002, 75-86).
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Fig. 5. Smithy workshop of site 56 at Zamaérdi and its theoretical reconstruction (made by Pazirik Kft based
on Zs. Gallina’s instructions).
Obr. 5. Kovarska dilna v lokalité 56 v Zamardi a jeji hypoteticka rekonstrukce.
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3. Archaeometrical examinations of slag samples

3.1. Methods and materials

A complex research project coordinated by the Archaeometallurgical Research Group
of the Univesity of Miskolc (ARGUM) has been running for a number of years. The gen-
eral goal of this research is to gain deep insight into the technical, technological and en-
vironmental knowledge of Avarian Age ironworking in the Carpathian Basin. As one of
the main objectives of this research project, about 100 slag samples were analysed from
Zamardi and other Avarian Age sites related to iron metallurgy. Different slag types and
their chemical and mineralogical compositions, microstructures as well as their metallur-
gical roles were identified. By studying the properties of slag finds, the results can offer
useful information to determine the technological level of local methods and the quality
of raw materials and products.

The main analytical techniques include chemical analysis with ICP-OES (Varian 710-
ES), supplemented by using titration for separating the Fe?* and Fe** (the importance of the
relative proportions of Fe** and Fe** was demonstrated by Bachmann 1982, 8), textural-
chemical investigations with SEM-EDS microanalysis performed on both polished and
fracture surfaces (Zeiss EVO MA10 equipped with EDAX EDS, Amray 1830 I and Jeol
8600 JXA Superprobe) and mineralogical analysis (XRD Bruker D8 Advance diffracto-
meter with Bragg-Brentano and Gobel mirror for parallel beam, Cu-K,, source) performed
predominantly on powder specimens. In some cases chemical investigations can be supple-
mented by WD-XRF (Rigaku Supermini 200) analysis on powder pellets or fused beads
as well as by portable ED-XRF (XMET8000 Expert) on the sample surface.

In one of our previous studies related to the Zamardi sites (T6rok — Kovdcs — Gallina
2015, 229, 232), two different groups of slag were identified: tap-slags flowing out of the
furnace and furnace slags (cinder); Pleiner (2000, 257) used this term only with regard to
the unreduced ore grains embedded in this slag remaining in the bloomery up to the end
of smelting. However, in many cases significant difficulties may arise in distinguishing
the different kinds of slag from different steps of the bloomery process. Considering other
kinds of residues (purification slag, reheating and forging slags), which often have similar
chemical and mineralogical compositions, their investigation is even more difficult. There
are numerous scientific papers dealing with the analyses of late Antiquity and Medieval
iron smelting slags. Referring to those studies, Pleiner (2000, 252-253) provided a com-
prehensive explanation for the relatively wide ranges of chemical components and the
typical mineralogical constituents of bloomery slags. Pleiner’s (2000, 258) extensive sur-
vey has a schematic representation of the different slag types and of the furnace zones of
their occurrence inside and outside the two kinds of bloomeries (slag-pit and flat-hearth
tapped furnaces). Similarly to the majority of previous related works (e.g. Oelsen — Schiir-
mann 1954, 599), Pleiner (2000, 259-264) classifies the bloomery slags into two groups
(tapped slags and furnace slags) and distinguishes the slag-pit blocks formed inside the
bottom of the hearth or gathered in a subterranean slag-pit. However, Pleiner (2000, 257)
underlines that the different slag classifications are usually based on the authors’ archaeo-
logical, investigational and/or experimental experiences acquired by exploring finds of
a given period and site(s) as well as by using specific techniques.
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Buchwald’s (2005, 92, 96) comprehensive work gives also detailed descriptions of the
different types of iron smelting slags, as “production slags”. In addition to these materials,
the characteristics of the so-called purification and manufacturing (forging) slags, formed
typically in oxidizing atmosphere, are discussed as well (Buchwald 2005, 92, 97, 100, 138, 196).

3.2. Discussion and conclusions

As a preliminary step of the complex examination, the slag samples from Zamardi and
the other Avarian Age sites were divided into several groups. Based on their external fea-
tures, a part of the studied slag assemblage was classified as tapped-slag or furnace slags
from the smelting. Numerous furnace slags and slag-pit blocks were discovered in sifu on
the sites and some slag pieces were found in specific, well-definable contexts, e.g. were
stuck to a fragment of furnace lining or to a tuyere. A few examined samples were classi-
fied as purification slags or were considered as forging slags. The remaining slag pieces
had unclear or transitional characteristics.

A relatively low weight ratio (~10 %) of the unearthed slag finds can clearly be iden-
tified as tapped-slag. This kind of slag, heavy, compact and completely melted, usually
has a shiny black surface and sometimes bizarre forms due to their flowing. Minor gas
bubbles are found in their dark-grey fractures otherwise their inner structure is relatively
homogeneous. The chemical composition of the analysed tapped-slag samples shows that
the two dominant components are SiO, (on average 27-30 wt%, however, in some cases
it may reach 60-65 wt%) and FeO (iron-oxide with Fe*") generally 40-45 wt% (Torok —
Kovdcs — Gallina 2015, 232) but in numerous cases only 4-5 wt% FeO could be detected.
In general, the CaO-content was low (2-5 wt%). Based on their chemical composition,
a typical SEM-image of a tap-slag displays three phases: fayalite laths often having a dis-
tinctive pattern in the middle, iron-oxide (wiistite) dendrites and pyroxene network (or
glassy parts) around them. In some cases, wiistite dendrites were not observed or just in
the form of very small crystals. Very similar micrographs of this kind of microstructure
are presented by Buchwald (2005, 97, 127, 136)

In our tapped-slag samples (table 1), most of the crystalline phases formed around
750-800 °C as indicated by the pyroxenes. The smelting point of these slags is about
1100-1150 °C. The amount of amorphous material is directly related to their high SiO,,
silicate or quartz content, and with their low Fe and Mg content points to highly viscous
and quickly cooled slags. The higher the amorphous content, the faster was the cooling
(i.e., within a few minutes). Sample Z89-662 in Table 1 represents the characteristic
tapped-slag material: silica rich thus highly viscous. This kind of slag forms relatively
quickly, outflows and cools rapidly. Even if Z58b-227 has similar physical characteristics
to the previous one, the strongly dissimilar mineralogy would suggest a different classifi-
cation. The high amounts of fayalite and wiistite indicate a moderately slow cooling in the
1200-900 °C range, under oxidizing conditions. The textures of the examined tapped-slags
often contain glassy parts in great proportion, which is confirmed by the relative high
amount of amorphous phase (sometimes 55-60 %) calculated based on the XRD results.

Some SEM micrographs of the tapped-slag samples show an almost pure glassy struc-
ture with the characteristic conchoidal fracture with sharp edges. Tapped-slag forms during
the early period of the smelting process. However its flowing outside the furnace depends
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“ | Forsterite (Fe) (Mg,Fe?")SiO4 8,6
. | Leucite KAISi2O¢ 3,8 185|80]29 0,7
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2 Kalsilite KAISiO4 1,0 0,6 1,5 |28
Wouestite FeO 18,9 21,1|21,8|21,5 0,1
. | Titanomagnetite Fe?*(Fe™,Ti),04 1,7
.?é_ Magnetite Fe?'F**,0, 20 | 44|15 1,6 61|11 0,5
“ | spinel (Fe) (Mg,Fe)ALO. 7.5
g’ Monticellite (CaMg)SiO4 9,9 4,5 29,0
E Kirschsteinite (CaFe?*)SiO4 44,5
':? Srebrodolskite CazFe3*,0s 2,9
_ Cristobalite low SiO> 2,1 0,6 1,4
£ | Mullite AleSi,On 0,4 17
E_‘ Cordierite MgAl4SisO1s 0,3
g’ Anorthite CaAl;Si>Os 4,2
Diopside CaMgSi.O¢ 10,1
Quartz SiO: 271123 |11 1,807 65|47 155|328
Gehlenite Ca,Al(AISi)O; 0,3
Zoisite CazAlz3(Si04)30H 2,1
Sillimanite Al:SiOs 4,1 2,5
g Calcite (Mg) (Ca,Mg)COs 0,8 5,4
§ Dolomite CaMg(COs). 0,9 6,4
® | Siderite FeCO:; 4,3
;é g Hematite Fe,0s 0,3 (0,2 11,7 | 0,4
& ¥ | Goethite FeOOH 9,3 | 4,4 [100] 82|09
g 5 Muscovite KAI2(SizAl)O10(OH): 3,7
8 = | Kaolinite AL,Si,Os(OH)s 5,5
§ E Albite NaAlISizOs 4,3 | 0,2
amorphous 55,0/22,0/10,0|14,0|19,0|15,0|18,0|23,0|31,0| 61,0

Tab. 1. Results of the XRD examinations of some typical slag samples (T — tapped slag, F — furnace slag,
P — purification slag, S — smithing slag).

Tab. 1. Vysledky XRD analyz nékterych typickych vzork strusky (T — struska z pfedpecnich jam, F — pecni
struska, P — struska z procesu kovéiského zhutfiovéni Zelezné houby, S — kovarska struska).
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on the slag’s viscosity and temperature. Moreover, the shape of the furnace hearth, the
breast-wall and the tap-hole are also influential. Although some papers reported that pure
tapped-slag may contain up to 70 wt% FeO (Tylecote 1986, 176), numerous samples of the
Zamardi tapped-slags contain less (e.g. Z58b-227), in fact, sometimes insignificant FeO.
In a case study on iron smelting slags from Merovingian workshops, the slag samples were
distinguished according to their macroscopic aspect: compact material or porous slags,
moreover, slags formed by a single flowing or by a succession of so-called corded flowing.
The proportion of early wiistite facies was commonly high in compact slags, however, it was
very low in the single corded slags which were denoted as a special category of the compact
slags (Le Carlier — Leroy — Merluzzo 2007). The viscosity of the bloomery slag is inversely
proportional to its FeO-content (Buchwald 2005, 96-97), however in general, given the
thermal conditions of the early Medieval bloomery process in the hearth, a fayalite-rich slag
may have been liquid enough to flow out of the furnace. Fast cooling of the silica-rich slag
in the open air can cause an increased proportion of glassy parts in its texture. Because of
the lack of tapped-slag, Mehofer (2010, 228) supposed that in the furnaces of the Avars at
Zillingtal the temperature achieved was not high enough to form a sufficiently liquid slag.
Based on the mineralogical analyses of the furnace slag samples from Zamérdi, it seems
that the shape and the dimensions of the furnace were important to achieve this goal.

The furnace slags (Pleiner 2000, 262-263) belong to the other group of bloomery slags.
These materials do not flow out of the furnace, but remain inside it until the end of the
process. They are generally large, strongly indented, sponge-like slag-blocks with a lot of
gas holes, having a lower density and usually a very heterogeneous structure. Embedded
pieces of charcoal and furnace wall-fragment can be observed often. Most of the slags
(~ 80 %) found at the sites of Zamardi belong to this type. Some slag pieces coalesced with
a fragment of furnace lining also were unearthed at these sites. A significant difference
between the average chemical compositions of tapped-slags and furnace slags was not
observed, however, furnace slags usually have a lower iron(Il)/iron(III) oxide ratio. Nu-
merous samples of furnace slags have 20-35 wt% FeO with 20-30 wt% calculated Fe O,
(Torok — Kovdcs — Gallina 2015, 232). While XRD (and SEM-EDS) does not provide
information regarding Fe valence in amorphous components, we can identify crystalline
phases of Fe?* and Fe**. The source of Fe** denotes oxidation, which may be related to the
smelting process (e.g. unreduced ore grains or contact of incandescent slag with air), but
it may also be a late oxidation effect that occurred in the soil over the course of centuries.

The overwhelming majority of the examined slag (and ore) samples from Zamérdi,
in particular the furnace slags, have a relatively high MnO-content (6—9 wt%). This may be
considered as a regional feature as compared to the MnO-content of other examined early
medieval slags found in other parts of the Carpathian Basin (Torok 1999, 218; Gomori —
Torok 2002). In the SEM-images of the examined furnace slags, a great degree of varia-
tions in the three-phase microstructure, mentioned above, can be observed. If the fayalite
crystallized in blocks, it implies relatively slow cooling, while fayalite laths denote a fast-
er cooling (Torok — Kovdcs 2010, 457).

In some cases the composition of furnace slags has a significant phosphorous content
(0.3-0.6 wt% by EDS point analysis) in the moderate amount of amorphous content
(by XRD). Phosphorous associated with K and Na gives the slag a high liquidity even at
850-900 °C. According to Selskiené (2007, 23) P O, content is associated to tapped-slag
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Fig. 6. SEM-micrograph of sam-
ple Z89-468. Photo in figs. 6-7
by A. Kovécs.
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ku Z58b-48.

and furnace (bottom) slag, and smithy slags always contained much lower concentration
of phosphorous as compared to the smelting slags. According to our results, furnace slags
and smithy slags can be distinguished by their wiistite content, since wiistite will not appear
in furnace slags. The occurrence of fayalite with Mg, Mn and/or Ca substitution indicates
a temperature of ca. 1200 °C (Deer — Howie — Zussman 1997, 132); high enough to separate
the silicate slag from the bloom.

During the hammering of the hot and raw bloom, relatively small pieces of purifica-
tion slag are squeezed out of the bloom, which commonly have a plano-convex shape and
a heterogeneous, frequently layered structure (Buchwald 2005, 97-99). This kind of slag
may occur in shallow bowls that are very similar to the burning pits, about a hundred of
which were unearthed at the Zamardi sites. It is feasible that both the purification of the
bloom and ore pre-roasting were carried out in the same feature. A common chemical com-
position was not observed in the identified purification slag samples, however, a typical
SEM-micrograph of a purification slag sample can be seen in fig. 6.
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Since only one clearly identifiable forge was unearthed at Zamardi, the occurrence of
smithy slag was not really expected in large numbers. Smithy slags are characterized by
the presence of significant wiistite, a low amount of quartz and glassy phase as well as the
absence or very small amount of fayalite. Instead of fayalite, monticellite and kirschsteini-
te can be found, these phases crystallize <900 °C. Fig. 7 shows a layered structure which
can often be observed by the examinations of smithing or purification slags.

4. Summary

The workshops at Zamardi and Kaposvér are among the largest Central European archaeo-

metallurgical sites and the largest early medieval so far discovered in the Carpathian Basin.

The Avarian type workshop commonly shows several specific features, such as associated

work-stage features close to the bloomeries including: roasting pits, storage pits, wells,

very low number of smithies, and traditional settlement features. This overall picture, how-
ever, is coloured by variations in work management practices (Gomari 2000a, 223; 2000b,

163-164, 184, 190-193; Gallina 2002, 77-80).

Based on the so called barbarian servant population model (Gyorffy 1972, 269; Gomori
2000a, 221), the large area of smelters workshops suggests that they were craftsmen set-
tlements founded in close proximity to the central localities of important leaders and bog
iron ore deposits. It also implies that iron production and iron smelting were controlled by
a centralized authority. After the distribution of blooms from the centres, iron forging were
conducted in the smaller settlements where the final products were utilized, lacking further
centralized coordination.

Chemical and mineralogical analyses carried out on slag samples provide us useful
information for determining the nature of the metallurgical workshops and of the techno-
logies used. Our investigations can reveal the main characteristics which connect a slag
to a particular phase of the iron working process.

Fayalite, wiistite and leucite could be additional reference phases for slag classification:
1. High SiO, mineral and glassy phase content, without most of the minerals of 2 and 3

types: tapped-slag characterized by high viscosity, solidified with fast cooling of high

crystallization rate in the 800-500 °C range.

2. Fayalite with leucite, without a high amount of wiistite and low amorphous content:
furnace slag slowly cooled in the 1200-1000 °C range. Leucite is the solidus phase of
K-content introduced by hard wood ash. It should be noted that according to Selskiené
(2007, 24) many smithing slags, examined by them, had a larger quantity of leucite and
wiistite than smelting slags had.

3. Wiistite in significant amount with fayalite, low amorphous content: purification slag,
oxidizing cooling of an incandescent bloom in the 1100-900 °C range.

4. Waiistite with high (900-1000 °C) Ca-Mg-Fe silicates and moderate amorphous con-
tent: smithy slag.

This research was supported by the National Research, Development and Innovation Office in the framework of
the project entitled ‘Ironworking of the Avar period in the scope of interdisciplinary research’ (Identifier: NKFIH
K 116396).
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The haizeola and the origins of the ‘Catalan method’
The medieval iron metallurgy culture in the Pyrenees

Haizeola a pocatky ,katalanské metody”
Stfedovékd metalurgie Zeleza v Pyrenejich

Mercedes Urteaga - Xabier Alberdi - losu Etxezarraga -
Fernando Martin Suquia - Mertxe Urkiola - Jose Luis Ugarte

Recent research shows that furnaces characteristically used in the ‘Catalan method’, a direct system of
obtaining iron, are much older than they were thought to be. Archaeological evidence obtained in recent
years indicates that the same model of furnace, although with smaller dimensions, was part of the iron-
making culture of the pre-water-powered phase, when work was done by manpower. This phase has been
dated to between the 9" and 14" centuries and relates to installations known as haizeolas. They have been
recognized in the Basque territories of Biscay, Gipuzkoa and Alava, in a geographical area on the western
edge of the Pyrenees.

Catalan process — Middle Ages — Basque country — early ironworking

Novy vyzkum ukazuje, Ze pece pouZivané pri ,,kataldnské metodé*, primém zpiisobu ziskdavani Zeleza, jsou
mnohem starsi, neZ se predpoklddalo. Archeologické diitkazy ziskané v poslednich letech naznacuji, Ze stejny
model pece, byt mensich rozmérii, byl soucdsti Zelezdrské vyrobni tradice predchdzejici fazi zavddéni vodni
sily, kdy prdce byla vykondvana silou lidskou. Tuto fazi Ize datovat od 9. do 14. stolett, a souvisi se zarizenimi

zndmymi jako haizeola. Ty byly rozpozndny na baskickych vizemich Biscay, Gipuzkoa a Alava nachdzejicich
se na zdpadnim okraji Pyreneji.

katalansky proces — stfedovék — Baskicko — rané Zelezarstvi

1. Introduction

Until the beginning of the 20™ century, the Pyrenean region had its own ironmaking tradi-
tion based on the direct reduction process. It is known in literature as the ‘Catalan method’,
‘Catalan Forge’ and ‘Catalan hearth’ (Tomds 1999). This process took place in a low bloo-
mery with a square bottom and inverted tapered-pyramid shape in which iron was obtained
by the direct reduction system using hydraulic energy. In the final phase (17"-20™ centu-
ries), installations were divided into two groups: firstly, there was the Catalan forge group
in the eastern zone, which was characterized by having a water-powered trompe to inject
air into the furnace and, secondly, the Basque forge group (ferrerias) in the western zone,
which used bellows as a forced ventilation system until their disappearance. Both types
produced good quality iron ingots intended for both the European and American interna-
tional market, competing with the iron produced in blast furnaces.

The same type of furnace, but in a smaller version, has been discovered in non-hy-
draulic establishments, mostly located in the mountains near mining areas. These are the
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Fig. 1. Location of the area with indication of the places mentioned in the text: Drawing by M. Urteaga.
Obr. 1. Poloha oblasti s vyznacenim mist uvedenych v textu.

1 - Larla, 2 — Pefia de Aya-Oiartzun, 3 — Legazpi-Segura, 4 — Mutriku, 5 — Arrasate/Mondragén, 6 — Muskiz-
-Trapagaran, 7 — Galdames, 8 — Artzentales-Sopuerta, 9 — Arrazua-Ubarrundia.
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so-called haizeolas, the archaeological records of which date back to at least the 9™ cen-
tury.

The incorporation of water wheels and waterfalls must have begun in around the
11" century, although it seems to have spread and become more common place later, in
the 13" century. The application of hydraulic drive power made it possible to increase the
injection capacity in furnaces and the furnaces to increase in size. In this new technolog-
ical context, installations came down from the mountains and were located next to rivers.

2. The name haizeola and pre-water-powered ironworking

In the 1950s, the engineer Manuel Laborde interviewed an elderly man in the Zerain area
of Gipuzkoa who reported the use of the two Basque words haizeola and gentilola. Both
terms had been used by his ancestors to refer to the old iron smelting furnaces from which
abundant accumulations of slag were still extant.

Laborde (1956; 1979) incorporated the term haizeola into the technical language of
early Basque ironworking, using it to refer to the iron slag heaps found in mountain areas.
From the location of the slag heaps and the characteristics of the slag itself, he also estab-
lished a relationship with forges not powered by water.

These slag heaps have long been identified with manually-powered iron works. In the
sixteenth century, the chronicler Esteban de Garibay (Garibay y Zamalloa 1556, 96) wrote
that the first installations for making iron were located in the ‘high areas of these same
mountains’ and that they were powered by hand rather than by water. He based his deduc-
tion on the fact that the slag heaps stood at a considerable distance from the river courses.
Soon afterwards, Lope Martinez de Isasti (Martinez de Isasi 1625, 236) repeated Garibay’s
suggestion that the water-powered iron works were preceded by ones in which the iron was
worked ‘by hand’ in the mountains. Villarreal de Bérriz (Villarreal de Berriz 1736, 43)
and Larramendi (1756, 64—65) gave similar reports, as did other twentieth-century histo-
rians such as Caro Baroja (1949, 259-260) and Laborde who, as mentioned, introduced
the term haizeola.

3. Archaeological identification of the haizeola:
The catalogue of mountain slag heaps

Calle Iturrino (1963) published the first list of iron slag heaps in the Basque Country in
the middle of the last century; in this chapter of precedents, mention can also be made of
the group of 10 slag heaps recorded in Legazpi (Arbide et al. 1980). But in these cases,
there was no identification of the site by means of geographical coordinates, and there was
no description accompanying the location. These requirements were fulfilled for the first
time in the work of Gorrochategui and Yarritu (1984), in which 34 slag heaps were cata-
logued in 6 geographical areas of Biscay.

A new episode in the evolution of the archaeological knowledge of haizeolas took place
in 1988, with the archaeological work carried out at the Ilso Betaio slag heap in Artzenta-
les/Sopuerta, Biscay. The program lasted until 1990 and included anthracological analyses
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of carbon samples, palynological analyses and radiocarbon dating. Among the discoveries
are two calcination furnaces, dust ore residue and structures with unknown functions. The
slag heap dated to between 940 and 1100 AD (Gorrochategui et al. 1995).

After this first initiative, excavations followed at the Oiola slag heap in Trapagaran
(Biscay) between 1990 and 1993 (Aldama — Lorenzo 1991), resulting in a corpus of refer-
ence information for learning about the metallurgical process that took place in these fa-
cilities between the 11" and 13" centuries (Pereda Garcia 1997; Larrazabal 1997). After
those dates, archaeological work became commonplace in slag heaps, also moving to other
regions. In Gipuzkoa, work started in 1993 (Urteaga 1996; Alberdi — Etxezarraga 2014),
in Lower Navarra in 1998 (Beyrie 2002) and in Alava a few years later (Alberdi — Etxezar-
raga — Artetxe 2013).

As aresult of this activity, there is a catalogue of 500 slag heaps, 250 of which have
been registered in Gipuzkoa, 170 in Biscay, 55 in Larla (Saint-Etienne-de-Baigorry,
Lower Navarra) and 25 in Alava. Archaeological operations have also been carried out in
52 of them, 21 in Biscay, 17 in Gipuzkoa, 13 in Lower Navarra and 1 in Alava.

It should be noted that the figure of 500 slag heaps recorded to date was certainly much
more extensive. As happened in Montagne Noire (France) and in many other European
regions where there was a major modern iron-steel industry, the iron slag heaps in the
Basque Country were exploited industrially in the foundries of the 20" century. Moreover,
it can be said that only those heaps that are difficult to access or of little importance have
been preserved.

Having made this assessment, the available records show concentrations in specific
areas, such as the 124 slag heaps around Legazpi (Ugarte — Urteaga 2014), the 55 in Lar-
lain Saint-Etienne—de—Ba'l'gorry (Beyrie 2008), the 54 in Galdames (Franco Pérez 2008)
and the 45 in Pefias de Aya (Alberdi — Etxezarraga — Artetxe 2013). This distribution is
related to the existence of significant iron ore deposits.

4. Archaeological work and the chronology of haizeolas

Table 1 shows dated slag heap data and their chronology. Of the 45 registered sites, 44 of
them are slag heaps, but one (Bagoeta) is a rural settlement. The dated sites are 8.5 % of
the total. A significant portion of them have chronologies from the Second Iron Age, the
Roman Era and the Late Antiquity; they represent 3.2 % of the total and the 35 % of the
dated slag heaps; there are also very complete records of the furnaces from that period in
the case of Larla (Beyrie 2014).

In the other 26 dated slag heaps, chronologies fall between the 9™ and 14" centuries,
with a higher concentration in the 11" and 13™ centuries (16 examples).

The Larla furnaces belong to a type that has been well-known for centuries that frame
the change of era; semi-excavated in the natural terrain, with a narrow and elongated plant
divided into two distinct parts: the entrance and the reduction chamber, which is closed with
a chimney. According to the archaeological experimentation campaigns, they worked with
a natural draught (Beyrie 2014).

Although the term haizeola is used to identify the furnaces that have produced the ac-
cumulations of iron slag that are located in mountain areas, following the historiographic
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Name A=Alava; B= Biskai; G=Gipuzkoa;
LN=Lower Navarra  Reference I wlom fw| v | v v |vin] ix X[ xi [ xm | xiv
Zepamendi A fﬂb:z;:zezarraga -
Bagoeta A | Azkarate — Solaun 2014
Oiola 2 (Loiola) Cepeda — Unzueta 2015
Akalarra B | franco Pérez 2014
Arteta B | franco Pérez 2011
Artobilla 2 B | franco Pérez 2011
Lekubarri B | franco Pérez 2014
Biriguera B | Franco Pérez 2008 l
Crucero B | Franco Pérez 2008 |
Gongeda 1 B | Franco Pérez 2008 |
Los Campillos B | Franco Pérez 2007 I
Salbartondo 2 B | franco Pérez 2007
lso Betaio B | Gorrochategui et al. 1995
Arrastaleku Franco Pérez 2014
Pefia Helada 1 B f’j;’b‘z ;_Z’;, ” Eezanage
Saukutza 3 B | franco Pérez 2011
Pefias Negras B | franco Pérez et al. 2014
Callejaverde Il B | franco Pérez et al. 2014
Callejaverde | B | Franco Pérez et al. 2014
Oiola 4 B | Pereda Garcia 1997
Peia Helada 2 B fﬁ;zz ;e;)z’ 5 Eoezanag
Erdokazabaleta 3 G | Ugarte — Urteaga 2014
Basaundi 2 G | Ugarte - Urteaga 2014 ]
Tenioi 1 i | PR BRI, |
Erdokazabaleta 5 G | Ugarte — Urteaga 2014 |
Otafiu 3 G | Ugarte — Urteaga 2014
Aizaleku 5 G | Ugarte - Urteaga 2014 |
Galarraga G f’jfb:;ie;; Exezaraga
Zabarain 7 G | Ugarte - Urteaga 2014
Aizpee 5 G | Ugarte — Urteaga 2014 |
Teniola 4 G | Ugarte - Urteaga 2014 |
Larrosain G | Ugarte — Urteaga 2014 |
Erlaitz 1 G | Ugarte — Urteaga 2014
Harotzainekoborda | L. N. | Beyrie 2014
Oheta . N.| Beyrie 2074
Larla 1 .N.| Beyrie 2014
Larla 2 - N.| Beyrie 2014
Larla 3 .N.| Beyrie 2014
Larla 4 .N.| Beyrie 2014
Larla 5 .N.| Beyrie 2014
Larla 6 -N.| Beyrie 2014
Larla 7 - N.| Beyrie 2014
Larla 8 .N.| Beyrie 2014
Larla 9 .N.| Beyrie 2014
Larla 10 - N.| Beyrie 2014
Larla 11 .N.| Beyrie 2014
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tradition and the results that are analyzed, our work has reduced the field of application of
that name to square, low and open furnaces which chronology extends between the 9™ and
14" centuries in our era.

One contemporary text explicitly refers to installations in which iron was made with-
out the use of water power — in other words, haizeola. The document dates from 1335 and
forms part of a bylaw whereby the local council of Segura required ironworkers in their
jurisdiction to sell their iron and purchase their supplies through the town. The preamble
makes particular mention of the different types of iron works in the area and differentiates
between masuqueras, those which used water-driven hammers, mazo de agua, and those
which used ‘omes’. The first two refer to water-powered installations, whereas those pow-
ered by ‘omes’ (a Spanish medieval term meaning men), as their name suggests, were the
hand-operated installations (Urteaga 1996). It also shows that they co-existed with water-
powered works and that the latter were sufficiently developed. In the fifteenth century, the
increased production capacity of the newly expanded water-powered works forced the more
primitive ones out of business.

5. Introduction to the archaeological identity of the haizeola

The sites

With the exception of Torre in Astigarribia, all the other slag heaps are located in
mountain areas close to iron ore deposits. Although they were situated near mining areas,
they did not form part of them; they were built in the immediate vicinity. In addition, they
all share two other features: an adjoining river or stream, and clay soil. The reason they
were not located next to the iron mines may have been because of the need for a supply
of water or also for other reasons. Indeed, a water source is a feature of practically 100 %
of the slag heaps catalogued. These tend to consist of springs or streams with a weak flow,
but they would have been enough to meet the requirements of a small group of people and
basic industrial activity. Another constant is the clay soil on which the installations are built.
Such sites may have been preferred because they made it easier to dig the base of the fur-
naces and build the foundations of the wooden structures or because they provided the clay
required for building the walls of the furnaces and other auxiliary items.

It is also worth bearing in mind that larger quantities of charcoal than iron ore were
required for the process. The exact ratio of iron ore to charcoal used in the haizeola is not
known, but in the water-powered works the volume is estimated at around 3 to 5 (Urteaga
2000, 258). As we shall see, water-powered works and haizeola appear to share the same
ironworking tradition and the loads of charcoal required would have been much greater
than those of ore. This would have made it more important to build them near woodland
than close to deposits of iron ore (albeit they could not be too far from the mines).

The installations identified in Astigarribia constitute an exception, in that according to
analyses, the ore used there did not come from the immediate environs (Pérez Centeno
2009). This difference may have something to do with the monastery to which it appears
to have been attached and the existence of a sea and river port at the site.

Finally, we should also note that the sandstone used in the construction of the furnaces
and auxiliary structures was also available in the sites chosen.
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Characteristics of the installations

Based on the information we have gleaned to date, the works appear to have consisted
of small sheds situated on small plots of levelled ground, dug out of gently-sloping land
(Ferndndez Carvajal 2009). The furnaces occupied a central and important position and
were accompanied by small roasting structures in the immediate area; the ore and charcoal
were stored beside the furnace. The most complete information comes from Basaundi 2
(Legazpi). In this case it has been seen that there is a basic building next to the furnace
where the charcoal was stored and auxiliary operations were carried out. The furnace is
located outside this building, but protected by a roof supported by wooden poles.

The ore

The samples analysed (Simon 2014, 87) coincide in indicating that the ore was quite
pure, comprising hematite iron ore (Fe,O,) with remains of siliceous gangue (SiO,). This
is quite a pure iron oxide which is easy to reduce. The samples recovered are of ore that
has been treated previously to remove impurities. The resulting concentrate was roasted
on site and broken up to be put in the furnace.

The charcoal

A lot of research work still needs to be conducted in this area, since each slag heap
contains a large quantity of charcoal which needs to be identified and quantified. To date,
4 different sites analysis has been performed (tab. 2): Torre (Astigarribia, Mutriku), Oio-
la IV (Trapagaran), Ilso Betaio (Arcentales) and Bagoeta (Arrazua-Ubarrundia). This last
site does not correspond to the mountain location of the iron slag heap or haizeola; it was
found during an archaeological excavation in a medieval rural settlement, but has the same
type of furnace and the same chronology (Azkarate — Solaun 2014).

From these data an extreme variety in the origin of charcoal is deduced; in the case
of Torre can be established three groups: oak charcoal accounts for 35 % of the whole,
followed by apple, 29 %. Of the remainder, the most abundant species is beech, which
comprises 15 % of the total. Bagoeta is in the opposite side; in this case a single species
has been used for charcoal: oak. Ilso Betaio provides the beech domain with almost 90 %
of the total, and in the last case, Oiola IV, the oak is the most important species, exceeding
50 % of the sample.

The arragoas or roasting structures

The ore was roasted in elongated oval structures, with two low parallel walls about 1 m
apart, as can be seen at the slag heap of Basaundi 2 (Ugarte — Urteaga 2014, 60). This
type of “arragoa” has also been identified in the slag heap of Oiola IV in Trapagaran,
Bizkaia (Pereda Garcia 1997) and at Peflas Negras (Franco et al. 2014, 201). The shape
of those constructions may vary from site to site though, since a circular plant roasting
structure has recently been found at Pefia Helada (Galdames, Biscay) (Franco Pérez —
Etxezarraga — Alberdi 2015). However, at the moment, oval arrangement seems to be the
average feature.



428 URTEAGA — ALBERDI — ETXEZARRAGA — SUQUIA — URKIOLA — UGARTE: The haizeola ...

Species ‘ Common name ‘ Percentage
Torre 1 (Astigarribia, Gipuzkoa). Pérez Centeno (2007).
Quercus subg. Quercus Oak 35%
Rosaceae Pomoideae Apple 29%
Fagus sylvatica Beech 15%
Rhamnus alaternus / Phillyrea Thorn 6%
Taxus baccata Yew 1%
Corylus avellana Common hazel 4%
Oiola IV (Trapagaran, Biscay). Zapata (1997)
Quercus subg. Quercus Oak 55.8%
Fagus sylvatica Beech 12.5%
Corylus avellana Common hazel 7%
Rosaceae Pomoideae Apple 3.2%
Frangula alnus Alder buckthorn 5.5%
Others 15%
llso Betaio (Arcentales. Biskay). Zapata (1993)
Fagus sylvatica Beech 89.6%
Quercus subg. Quercus Oak 6.18%
llex aquifolium Holly 2%
Bagoeta (Arrazua-Ubarrundia, Alava). Azkarate - Solaun (2014)
Quercus subg. Quercus ‘ Oak ‘ 100%

Tab. 2. Documented wood species used for charcoal.
Tab. 2. Dokumentované druhy dfeva pouZivané pro vyrobu dfevéného uhli.

The furnaces

The furnaces are of square sloped type (figs. 2 and 3). They are low and open, with air
forced in by handed bellows. The best information comes from the 11%-13" century hai-
zeola of Callejaverde 1, Callejaverde 2 (Muskiz, Biskay), Pefias Negras (Ortuella, Biscay),
Pefia Helada (Galdames, Biskay), Anporreta (Arrasate-Mondragén, Gipuzkoa), Olazar 3
(Oiartzun, Gipuzkoa) and Basaundi 2 (Legazpi, Gipuzkoa). In the three last examples only
the lower part of furnaces remains, but they are similar in their characteristics to those seen
in the well-preserved furnaces of the other sites. In all cases the area on which the furnace
was constructed can be seen to have been carefully prepared to repel damp.

The walls are around one metre thick and were built out of medium-sized sandstone
blocks, held together with clay. The base of the furnace was dug into the ground. Viewed
from above, it is rectangular with rounded angles. Its size is around 35 cm long by 30 cm
wide and beneath this level a tank with the shape of a bowl was dug deeper. The tank was
separated from the base with a levelled slag layer.

The base is smaller than the frame at the top, where reaches 70 x 60 cm, and slopes
slightly backwards. The nozzle (fuyere) was placed halfway up the back wall through which
the air from the wall bellows entered the furnace. The upper section overhangs the tuyere,
narrowing the upper opening of the furnace. The ruyere leaded through the wall on a hori-
zontal slab. The opposite wall stands at an angle of 45° and finishes in a prepared stone
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ZIDARZULO

SIGILLO

Fig. 2. a—the haizeola furnace; b — the water-pow- Fig. 3. a—the haizeola furnace; b — the water-pow-
ered ironworks furnace. Drawing by M. Urteaga &  ered ironworks furnace. Drawing by M. Urteaga &
J. Maroto. J. Maroto.
Obr. 2. a — pec haizeola; b — pec Zelezarny s vodnim  Obr. 3. a — pec haizeola; b — pec Zelezarny s vodnim
pohonem. pohonem.

with the same angle. One of the other two walls has a gap at the base level of the furnace
for removing slag.

The furnace of the haizeola was about two-thirds of the size of that used in the water-
powered works. Whereas the furnace of the water-powered forge was a metre in height,
that of the haizeola was 60 cm and the other parts were more or less to the same scale
(fig. 2 and 3).

However, some geographical differences are observed in this described model. The four
furnaces found at Biscay were built excavated in the ground (see fig. 3). Two of its walls
are the terrain slopes, while the wall of the fuyere and the remaining wall were built with
stones and clay in a massive way (Franco Pérez — Gener Moret 2017). In the furnaces from
Gipuzkoa only the base was excavated in the ground. The rest were built out of medium-
sized sandstone blocks, held together with clay. The walls are around one meter thick.
In Basaundi 2, for example, the perimeter ring on which the walls are erected has been
excavated to a depth of around 30 cm; this would have facilitated drainage and ensured
that the base of the furnace was protected from seepage (fig. 4).

There is extensive documentation for the terms used for the different parts of the furnace
in water-powered works. In the 18" century Metallurgy Manual from the Royal Society of
Friends of the Basque Country (Urteaga 2000, 260), the wall with the tuyére was called in
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Fig. 4. a — Callejaverde 1 Site; b — Callejaverde 2 Site. Photo by Ondare Babesa S. L.
Obr. 4. a — lokalita Callejaverde 1; b — lokalita Callejaverde 2.
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Basque language the betarri (unknown meaning) in the upper part and urtuera (unknown
meaning) in the lower one. The opposite wall was the haizearri (translated: the wind stone).
Out of the two other walls, the one with the hole for slag tapping was the zidarzulo (trans-
lated: the slag hole). The hole was in the lower part of the furnace at the same height as
the plate of the sigillo (from Latin sigillum? — to seal?).

Archaeological experiments at the 18" century rebuilt Agorregi hydraulic ironworks
(Aia, Gipuzkoa) conducted by Peter Crew (Crew — Crew 2002) shows that this arrangement
creates a circular draught inside the furnace, allowing temperatures of 1300 °C close to the
mouth of the tuyere (Fluzin — Herbach — Dillmann 2002). It is in that area that the bloom
or agoa, created by reduction of the iron ore in contact with the charcoal, is formed.

Analysis of the slag from the haizeola furnaces also shows evidence of these temper-
atures. Solidified fayalite has been found, indicating a temperature of 1205 °C, as well as
leucite, suggesting that the temperature in the furnace was 50—-100 °C higher (Simon 2014,
96).

Iron production in the haizeola

To judge from the type of furnace and associated structures identified and the remains of ore
and slag analysed, the haizeola obtained iron in much the same way as the water-powered
iron works, although output was smaller and they were hand-operated. Good quality and
easily reducible ore was used, iron oxides (hematites), that were roasted and broken up on
site before being placed in the furnace. As in the water-powered works, the charge would
have been carefully studied, since the result of the reducing operation depended to a great
extent on how this was done. Because the furnace was open, the process could be control-
led quite easily and any necessary changes made. The furnaces used forced injection, in
other words, the air was injected from the rear using hand-operated bellows. This allowed
temperatures of up to 1300 °C, enough to obtain sponge iron through direct reduction and
to tap the liquid slag, helped by reduction of the wiistite. Work in the haizeola concluded
when the agoa (bloom) was produced. The refined blooms must have been prepared in
separate premises, since none of the characteristic waste material of forging operations has
been found on the slag heaps.

If we focus on water-powered iron production, we find that in Pyrenean regions, par-
ticularly Catalonia, Ariege and the Basque Country, iron continued to be produced in low
and open square furnaces until the twentieth century, despite the fact that elsewhere in
Europe, indirect smelting in blast furnaces had been commonplace since the end of the
Middle Ages. These installations were gradually abandoned as a result of the introduction
of the blast furnaces, accompanied by mechanisation of the processes and industrial levels
of output. With the closure of the last such installations in the Pyrenees in the twentieth
century, direct reduction finally came to an end. Technological change also led to the dis-
appearance of the bloomeries which, with variations, used the same open, square sloped
model described above throughout the Pyrenees.

Thanks to the evidence obtained from the haizeola it is possible to trace the basic design
of that type of furnace back to the pre-hydraulic period, establishing its origins at least as
early as the tenth century or even earlier in the Basque provinces of Bizkaia, Gipuzkoa
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and Alava. In short, this type of furnace appears to correspond to a different tradition to
those used in the pre-Roman and Roman periods. We do not know with any certainty when
it was introduced and how much further back it dates than the earliest available records.
What we do know is that once adopted, it was retained long after the haizeola themselves
had disappeared. The design continued to be used in the furnaces of water-powered iron-
works until, with the coming of the Industrial Revolution, they closed due to competition
from blast furnaces.

There is an increasing body of information on the transition from the haizeola to water-
powered ironworks. As we have seen, it shows that the haizeola and the water-powered
ones share a common culture, reflected in the model of furnace. This model formed part
of the medieval ironworking culture of the Pyrenean area, between the Atlantic and the
Mediterranean, from the High Middle Ages.

We are grateful to José Angel Ferndndez Carvajal (Ondare Babesa SI) for providing us the images of figure 4;
Josu Maroto for his help in the preparation of the figures and to Javier Sdanchez in the configuration of the dyna-
mic tables. Special thanks to Peter Crew for having reviewed the first text and for his suggestions.
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Slag-pit bloomery furnace of the Tarchalice type
Reconstruction and experimental research

Pece se zahloubenou nisté&ji typu Tarchalice
Rekonstrukce a experimentdlni vyzkum

Pawet Madera - Dariusz Kik - Ireneusz Suliga

The paper presents the results of the first stage of experimental research on reconstruction of the bloomery
process in the slag-pit furnace of the Tarchalice type. The phenomenon of bloomery furnaces from the
Przeworsk culture settlement in Tarchalice (Tarxdorf), Lower Silesia, Poland, has been known to the scien-
tific community since 1903. With regard to ancient slag-pit furnaces discovered in the second half of the
twentieth century in the Swietokrzyskie Mountains and Mazovia region, these features had two-times larger
diameter of slag-pits and almost four-times greater weight of slag blocks. The large sizes of the slag-pits
suggested dissimilarity of conditions of running the process, formation of iron bloom and block of slag in
relation to quite well known from scientific experiments the bloomery process from the Swietokrzyskie
Mountains.

experimental archaeology — iron smelting — Przeworsk culture — Silesia — slag-pit bloomery furnace —
bloomery process

V prispévku jsou prezentovdny vysledky prvni fdze experimentdalniho vyzkumu rekonstrukce procesu primé
vyroby Zeleza v pecich se zahloubenou nistéji typu Tarchalice. Fenomén Zelezdrskych peci prevorské kul-
tury v Tarchalicich v Dolnim Slezsku je odborné verejnosti zndm jiz od roku 1903. Pokud jde o starovéké
pece se zahloubenou nistéji, objevené ve druhé poloviné 20. stoleti ve SvatokriZskych hordch a na Mazov-
sku, tyto objekty mély dvojndsobné vétsi priimér nistéji a témér ctyindsobné vétsi hmotnost struskovych
blokii. Velké rozméry zahloubenych nistéji naznacovaly rozdilné podminky procesu tavby, tvorby Zelezné
houby a bloku strusky oproti, z védeckych pokusii pomérné dobre zndmému, procesu primé vyroby Zeleza
ve SvatokriZskych hordch.

experimentalni archeologie — hutnictvi Zeleza — pfevorska kultura — Slezsko — pec se zahloubenou nistéji —
pfima vyroba Zeleza

1. Introduction

Experimental research, in addition to intensive excavations at ironmaking sites, played
a decisive role in explaining the essence of the bloomery process. Despite the passage of
over 60 years, attempts to reconstructing furnace constructions typical for a given area
and the specificity of the bloomery process, carried out in various scientific centers', still
encounter difficulties resulting mainly from general lack in the archaeological remains

! In Western Europe, experimental iron smelting was initiated in the second half of the 1950s by archaeo-
logists and metallurgists from Belgium, Germany, England and Denmark. At the same time, similar works
began in Poland, and a few years later in other countries of Central and Eastern Europe: in Czechoslovakia,
in the Soviet Union and Yugoslavia (see Orzechowski — Przychodni 2014, 249-250).
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of above-ground parts of furnaces, smelting residues in the form of iron blooms and even
batch materials. Although it is usually far from fulfilling the expectations of experimenters,
the knowledge and experience accumulated over the years allow to approach new challen-
ges with optimism, which is proved by this work.

The experimental research on the reconstruction of the furnace and the bloomery pro-
cess undertaken in Poland was one of the first in this field. They were initiated in 1957 by
the discoverers and researchers of the ancient metallurgical center in the Swigtokrzyskie
Mountains: the metallurgist and historian of technology, Prof. Mieczystaw Radwan and
the archaeologist, Prof. Kazimierz Bielenin (Radwan 1958). Initially, experiments were
conducted in laboratory conditions at the Academy of Mining and Metallurgy in Krakéw
(AGH), and later at the Truck Factory Star in Starachowice. The Museum of Ancient
Metallurgy in the Swigtokrzyskie Mountains in Nowa Stupia became a permanent place
of experiments of field character since 1962, and then the annual archaeological festival
Dymarki Swietokrzyskie organized nearby. Since 2000 experimental tests have also been
carried out at the Blast Furnace Complex in Starachowice as part of the Iron Roots educa-
tional event. Previous research has concerned almost exclusively slag-pit single use fur-
nace, which was actually the only kind of bloomery furnace used in prehistory in Polish
lands. Experimental furnaces were constructed on the basis of dimensions of slag-pits from
the Swigtokrzyskie Mountains, the diameter of which varied in the range of 30-50 cm,
assuming the height of a shaft made of clay blocks from 80 (initially even from 25 cm) to
120 cm (see Suliga 2006a; Bielenin — Suliga 2008, 59-62; Orzechowski — Przychodni 2014,
250-260).

Results of the experiments referred to archaeological evidence have consolidated opi-
nions on the general furnace construction, an air supply system, a type of batch material
and its dosing into the furnace. The state of the slag-pit during the smelting was still in ques-
tion (empty or filled, with charcoal or wood), and above all the form of smelting products
remained unsatisfactory. Slag-iron conglomerate structures forming accretions around
the blow holes was commonly obtained (Suliga 2006a, 173). Grainy separations, as well
as iron plates and grids immersed in mass of slag could not have technical significance.
Of course, the intensification of the blast led to the increase of the temperature in the fur-
nace, liquefaction of the slag and its runoff to the pit, but reduced iron was then carburized,
and even melted down, becoming pig-iron which was useless for ancient smelters.

Prof. Bielenin tried to overcome an impasse in the reconstruction of the bloomery pro-
cess (Bielenin 1978, 60; 1985, 187-193; 1998-1999, 523 ff.). He drew attention to the com-
mon features of slag blocks from archaeological excavations that are typical for casting
liquid material into a cold form. Since the slag was so fluid that it flowed into a pit at a cer-
tain time in the process, the iron bloom was sufficiently drained from the slag and was
suitable for direct processing. The concept of Prof. Bielenin, called the ‘free solidification
surface’ of slag blocks concept (FSS), formulated the principles of leading the process
differently. At a certain point in the smelting it was necessary to devote liquefaction of the
slag and its inflow into the pit, counting on draining the bloom from slag and final separa-
tion of both phases (Bielenin 2002, 15; 2005; 2011). The metallurgical verification of the
correctness of the FSS concept pointed to an unknown aspect of the phenomena occurring
within the slag that filled the pit — the effect of the secondary fayalite reduction leading to
the formation of iron grids in slag (Suliga 2006b; Suliga — Kargul 2007; Bielenin — Suliga
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2008). The secondary reduction effect confirmed along with other features of the crystal-
lization of the slag block (crystal structure, segregation of phases) the FSS concept, but
also indicated the possibility of such process in the slag phase earlier, during the smelting
in the furnace shaft (Suliga — Karwan 2014, 170). It was necessary to introduce this to
experiments, that was strongly encouraged by Prof. Bielenin.

At the end of the last decade, thanks to the efforts of the members of the Swie;tokrzyskie
Association of Industrial Heritage (SSDP) in Kielce, significant progress has been made
in experimental research. Attempts conducted by Andrzej Przychodni and Adrian Wrona
contributed to this, as well as establishing cooperation with Jens Jgrgen Olesen, the expe-
rienced experimenter from the museum in Thisted, Denmark. Undoubtedly, the use of defi-
nitely richer hematite ore was also important for improving the results of the experiments.
Smelts carried out in 2013-2014 in accordance with the principles of the FSS concept gave
the expected results. In two stages of the process, reduction of iron from ore and from slag
in the furnace shaft as well as liquefaction and draining of slag into the pit, the iron bloom
of 3.65 kg weight, technically pure, with ferritic structure and slag in the form of a block
was obtained (Przychodni — Suliga 2016).

2. The phenomenon of the Tarchalice furnaces

The Silesian metallurgical region was one of three, next to the production centers in the
Swietokrzyskie Mountains (Bielenin 1992; Orzechowski 2007) and in western Mazovia
(Woyda 1978; 2002), the main areas of the ancient iron industry in Poland. It was situated
in the upper and middle Oder basin. The smelting sites were concentrated mainly in the
wide zones of the Odra valley, from Racib6rz to Nowa S6l, and the valleys of its larger
tributaries, including Mata Panew, Nysa Klodzka, Otawa, Sle;za, Bystrzyca, Widawa and
Barycz (Madera 2002). Metallurgical production, dated from the younger pre-Roman
period to the early Migration period (1 ¢. BC — 5" c. AD), was associated with the Prze-
worsk culture. The raw material for smelting was local bog ores. The production was
conducted in unorganized ironworks including usually a small number of slag-pit furnaces.
It was implemented for local needs, within settlements or in their direct vicinity (Orze-
chowski 2013, 224-243).

Iron smelting site in Tarchalice (before 1945 Tarxdorf), district Wotéw, Lower Silesian
Voivodeship, site 1, is located about 50 km on the NW from the capital of the region —
Wroclaw, on the right bank of the Odra valley (fig. 1). It was the first excavated metallurgical
site in Polish lands. The archaeological research was made in 1903 and 1908 in connec-
tion with repeated finds of iron slag and fragments of pottery on the surface (Seger 1894;
Olshausen 1909, 60—66; Weiershausen 1939, 97-104). In an area of approx. 10 x 10 m
the remains of 37 bloomery furnaces in the form of pits filled with blocks of slag were then
uncovered. Due to their large size and good state of preservation they aroused extraordi-
nary interest not only among archaeologists, but also engineers-metallurgists. These stud-
ies and the accompanying discussion in Zeitschrift fiir Ethnologie (von Luschan 1909;
Olshausen 1909; Krause 1909; Giebeler 1909) should be regarded as the beginning of
archeometallurgy in Central Europe. The significant concentration of discovered furnaces
in small trench in the presence of slag on the surface of 6 ha and finding in their context
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Fig. 1. Tarchalice (before 1945 Tarxdorf),
district Wotéw, Lower Silesian Voivode-
ship, site 1. Block of slag with widening at
the top in form so-called ‘cap’ (there are
remains of the slag-pit walls clay lining
and the negatives of the wooden rods on
the lateral surface of the block). Photo
Kazimierz Bielenin.

Obr. 1. Tarchalice (pfed r. 1945 Tarxdorf),
okres Wotéw, Dolnoslezské vojvodstvi,
lokalita 1. Blok strusky s rozsitenim v horni
casti (nesouci zbytky vymazu zahloube-
nych nistéji a negativy dfevénych prutd
na bocni plose bloku).

pottery from the Hallstatt period caused, that the site for some time was considered as the
largest and one of the oldest centers of iron production north of the Alps.

After WW2 research was continued by Polish archaeologists (Hofubowicz 1956;
Domariski 1972; 2000). In total, in the area of about 12 ares, relics of at least 75 furnaces
located mainly in 2 clusters along the shore of the one Odra oxbow lake were discovered.
While in the test-trenches established in the eastern part of the site there were remnants of
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the Przeworsk culture settlement in the form of residential buildings, hearths and farm pits.
Thus the excavations did not confirm the previously predicted huge number of furnaces
(30,000 — 40,000 units.). Due to the lack of '“C analysis, the production activity is dated in
a wide chronological framework of the settlement’s functioning, determined on the basis
of ceramic material from 1* ¢. BC to 3% ¢. AD (Domariski 2000).

It is significant, that until the 1970s there was no consensus on the construction of fur-
naces discovered over there. Initially, they were considered as sunken hearts features with
a blowing canal from the surface to the bottom of the furnace (Giebeler 1909) or partially
sunken with a conical shaft, but also with a blast to the bottom of the furnace (Krause 1909).
After the resumption of research after the War, under the influence of Weiershausen
(1939, 102), they were treated as shaft devices (Hotubowicz 1956, 212; Domariski 1972,
422-433; 1975), although this was in conflict with their stratigraphic position. A design
of the slag-pit furnace was first proposed by Prof. Radomir Pleiner, but the location of the
blast in the upper part of the pit still was not a satisfactory solution (Pleiner 1965, 32, 38).
Eventually, the main interpretation problems in favor of the slag-pit furnace were settled
by Prof. Bielenin (1975).

Certain features of the discussed devices allow them to be treated as a special type of
slag-pit furnace named Tarchalice type (Bielenin 1983). It belonged to the category of
furnaces with a large slag-pit (internal diameter above 50 cm). Most of the slag blocks
preserved in their entirety presented an exceptional regularity of a cylindrical or conical
shape crowned with a characteristic ‘cap’.> The slag-pits were usually equipped with pit
canals. Most importantly, however, they all had a unique wall construction in the form of
a clay lining about 10 cm thick, reinforced with vertical wooden rods (fig. ).}

Some of the slag-pits were distinguished by huge dimensions (maximum diameter over
80 cm, preserved depth of nearly 90 cm) and the weight of the slag blocks reaching 342 kg.
This means that they had two-times larger diameter and blocks of slag had almost four-times
greater weight than in typical furnaces from the Swietokrzyski and Mazovian metallurgical
centers. This allows the inclusion of the finds from Tarchalice in the recently defined group
of furnaces with ‘very large’ slag-pit (Madera 2008). Features with similar parameters are
found in a large area of the European Barbaricum, that forms a wide arch running through
the territories of Norway, Sweden, Denmark, East Germany and Poland. However, in the
Silesian region their highest density (they occurred on 26 excavated sites) and dimensions
(internal diameter of the pits up to approx. 1.5 m, slag weight up to 850 kg) are observed.
Apart from the phenomenon of a close connection between iron production and settlement
and consequently its widespread especially in the late Roman period, these furnaces un-
doubtedly represent the technical and technological specificity of the ancient iron industry
in Silesia, not only in the area occupied by the Przeworsk culture (Madera 2008, 195-196).

2 The authors have in mind here a kind of the widening occurring at the top of the slag block, usually inter-
preted as a result of widening of the upper part of the slag-pit. Such form is commonly found on slag blocks,
but in Tarchalice on some blocks it was of extraordinary size and shape reminiscent of a ‘cap’ or ‘hat’
(Pleiner 2000, 260, fig. 68: 6-7, 9-12).

3 A number of furnaces discovered in Silesia originally considered as Tarchalice type have been negatively
verified and for some time the features from Tarchalice have been a unique among slag-pit devices. In 2005
traces of big size furnaces with analogous construction of slag-pit walls were located in Debno, site 14, at
a distance of about 2.5 km from the settlement in Tarchalice.
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3. Reconstruction assumptions

The reconstruction of the ‘legendary’ furnaces and the smelting process carried out in them
for several years remained in the sphere of unfulfilled plans for a group of enthusiasts who
earlier led to the creation of the Dymarki Ecomuseum in Tarchalice. The obstacle in the
implementation of experiments with a device of unprecedented size was too high for local
conditions financial outlays. Therefore, the proposal to build and run the furnace of Tarcha-
lice type on Dymarki Swietokrzyskie in Nowa Stupia was very much welcomed.*

In this first stage of the research it was decided to make significant simplifications in
relation to archaeological data. The cylindrical form of the slag-pit was used, omitting the
matter of the presence of the ‘cap’. The lining of slag-pit walls was also abandoned because
of the dry and concise loess ground. However, there was no question of using the pit canal
type 1 according to Prof. Bielenin (1983, 55, fig. 8: 1) classification. Considering the limi-
ted material and time possibilities, an average size of the inner diameter of the Tarchalice
slag-pits was assumed for the model.

The large dimensions of the furnace suggested using in the smelting process natural
draft, which caused great problems in the case of running much smaller furnaces. When
choosing the shape and height of the shaft, the experimenters were guided by the construc-
tion of furnaces, which have been functioning until recently in West Africa. Already in
the context of the first discoveries in Tarchalice, the attention was drawn to the Banyeri /
Bandjeli type shaft furnaces from Togo area, having a regular conical shaft structure and
working without bellows (v. Luschan 1909, 39-43). The detailed description of this and
other categories of African furnaces based on autopsy and interviews with their users was
recently presented by £apott (2008). The devices with inside diameter of the shaft of
70 cm and the height of 2.5-3 m were considered as a good starting point for experiments
(Lapott 2008, 105, fig. 12).

Ultimately, the basic dimensions of the experimental furnace were as follows: the depth
of the pit — 70 cm; its internal diameter (and the lower part of the shaft) — 65 cm; height
of the shaft — 2.5 m; diameter of the shaft outlet — 45 cm. The outlet of the horizontal sec-
tion of the pit canal with a diameter of 12 cm was placed at a height of 15 cm above the
slag-pit bottom; the pit canal inlet at ground level had a diameter of 25 cm. 8 blow holes,
initially horizontal, placed on the average height of 10 cm from the ground level were used.
During the first smelt their diameter was determined experimentally® at 8 cm and this di-
mension was used in all experiments (fig. 2a and 3a).

The shaft was built of hand-formed ‘bricks’ from loess with straw chaff admixture.
The thickness of the walls erected in this way was approx. 15 cm at the bottom of the shaft
and approx. 12 cm at its outlet. The considerable height of the shaft forced the use of a con-
struction platform, which was then used for charging the furnace. In favorable weather

4 The core of the team conducting experiments were: Pawet Madera, Dariusz Kik and Artur Kosmalski
(District Office in Wotéw, TTR Cross), and in the last seasons also Maciej Tomaszczyk (Officina Ferraria)
and Maciej Fortuna (the freelance reenactor).

5 The trial and error method was used, examining the furnace behavior (temperature) after each change of the

blow holes. As a starting point a diameter of 10 cm was adopted used in Banyeri type furnaces with similar
shaft parameters (von Luschan 1909, 40, fig. 18).
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Fig. 2. Scheme of the experimental furnace (a) and
its implemetation during the work (b). Dymarki
Swietokrzyskie 2013, photo Kamila Brodowska.

Obr. 2. Schéma experimentalni pece (a) a jeji realizace
v priib&hu praci (b). Dymarki Swietokrzyskie 2013.

@ 40-50

conditions the construction time of the shaft with the involvement of 4-5 people, including
successive drying, was 3 days. The furnace was used for single smelt and then the shaft was
dismantled.

4. Characteristics of experimental smelt

The proposed experimental model was similar to the current scheme of the furnace Swie-
tokrzyski type, verified by successive discoveries and experiments. However a completely
different size scale and basing the furnace operation on natural draft forced the use differ-
ent conditions of running the smelting process, including amount of batch materials, ser-
vice principles, duration of smelting or the way of evacuation of iron. A wide knowledge
concerning experimental smelts was used, as well as the experience that was gathered by
experimenters working on Dymarki Swietokrzyskie in identical location conditions and
using the same building and batch material.

The batch material was roasted hematite ore with a Fe content of approx. 59 % and a gra-
nulation of 1-4 cm and ‘brown ore’ with a Fe content of approx. 37 %. As fuel commercial
charcoal from deciduous trees in pieces of 5—15 cm was used. The ores used differed from
the potential raw material present in the area of Tarchalice, but allowed to refer the results
of smelts to experiments carried out in the Swi@tokrzyskie Mountains (tab. 1).

All the experimental smelts started in evenings (fig. 2b). After igniting the furnace at
the level of the slag-pit bottom, it was gradually loaded with charcoal to about half the
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Fig. 3. Product of the experimental smelt | (Dymarki
Swietokrzyskie 2013) in the form of bloom compo-
sed of 8 ‘segments’ — view of the bottom side; below:
schematic drawing of the bloom in the cross-section
of the furnace shaft (a) and cross-section of one of the
‘segments’ (cells of the measuring grid have dimen-
tions of 1 x 1 cm; b). Photo Kamila Brodowska (a) and
Dariusz Kik (b).

Obr. 3. Produkt experimentalni tavby | (Dymarki
Swietokrzyskie 2013) ve formé Zelezné houby sloZe-
né z osmi segmentd; nize: schematické zndzornénf
Zelezné houby v prafezu Sachty pece (a) a pficném
Fezu jednoho ze segmentl (bunky mfizky méfitka
v pozadi maji rozmér 1 x 1 cm; b).

shaft height and heated up to obtain at the level of the blow holes the temperature about
1200 °C. Then the shaft was charged with equal portions of charcoal and ore in the amount
of 15-20 kg. Charges were repeated at intervals of 30—130 minutes, assuming the charging
level 105-110 cm above the blow holes.

Within 16-18,5 hours of smelting duration 11-14 charges were made using 200-220 kg
of ore and charcoal. The furnace was opened only after 3—5 hours from the last charge. Its
high temperature prevented quick demolition and removal of iron immediately after the
process. Altogether, during Dymarki Swietokrzyskie (years 2013-2016) four experiments
were carried out (smelts I-IV). The last experiment (smelt V) was made in September 2016
as part of the ARTifacts Archaeological Festival in Pruszkéw organized by the Museum
of Ancient Mazovian Metallurgy (fab. 2).

During the first and subsequent experiments adverse phenomena appeared in the form
of weakening of the chimney draft as a result of the forming bloom blocking the blow holes,
‘overgrowing’ the shaft with slag or changing atmospheric conditions, as well as difficulties
in spontaneously draining slag into the pit. In order to improve the work of the furnace
a number of modifications of its structure and way of running the smelt were made, con-
sisting in: tilting the blow holes (up to 15°); selection of charcoal fraction also in the pre-
heating stage; mechanical clearing of the zone of the slag flow to the pit; use additional
draft from the side of pit canal; increasing the portion of the batch to 20 kg; use in the
process of so-called ‘cold’ slag-pit; increasing the height of the shaft to more than 3 m.
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Ore Fe Si0, | Al,bOs; | CaO | MgO | Mn S P |Roasting losses
Hematite 58.72 | 5.87 | 0.39 0.3 0.32 | 0.54 | 0.11 | 0.017
Hematite (roasted) | 59.82 | 4.23 0.4 0.34 | 0.63 | 0.98 | 0.045 | 0.009 10.89
‘Brown’ 32.36 | 2019 | 13.91 | 1.91 2.04 | 1.02 | 0.14 | 0.052
‘Brown’ (roasted) | 37.46 | 23.39 | 15.97 | 1.91 236 | 1.02 | 0.13 | 0.048 24.78

Tab. 1. Chemical composition of ores used in the experiments based on EDXRF analysis (Twin-X analyzer
Oxford Instruments) in wt%.

Tab. 1. Chemické sloZeni rud pouZitych v experimentech, ED-XRF anlayza (analyzator Twin-X Oxford Instru-
ments) v hm%.

In addition, the entire arsenal of current means affecting the continuity of the process was
used, such as: cleaning of blow holes; scaffolding of the shaft; periodically lowering the
level of charge; use of admixture of wood in portions of fuel; blowing support with 3—4 hand
bellows (smelt IV) or electric blower (smelt V).

The result of the experiments were slag-iron structures with a ring-shaped or circular
form bonded to the shaft walls below the blow holes. They consisted of 8 ‘segments’ asso-
ciated with particular openings (fig. 3a). The ‘segments’ differed quite significantly with
the amount of reduced iron and associated slag and other impurities (fig. 3b). The presence
of compact metallic phases in the structures obtained in smelts I, Il and V allows to define
them as ‘blooms’. Their weight (including impurities) ranged from about 50 to 75 kg.
Assuming reduced iron content of about 50 %, 25-37.5 kg of raw material was obtained,
which gives yield of iron of its available quantity on the level 20—30 %. This value is simi-
lar to that received in small experimental furnaces using artficial draft, working in recent
years on Dymarki Swietokrzyskie.

Generally, the amount of slag produced in the proces because of use quite rich ore was
relatively small, and only a part of it flowed into the pit. Even after use an admixture of
poorer ore (smelts III, IV) it was not sufficient to fill the slag-pit and create such an ex-
pected regular in the shape and heavy block. Also the presence of solid structure slag, so
characteristic of upper parts of prehistoric blocks, was insignificant and local. The center
of the pit was dominated by porous slag with charcoal imprints. In the lower part droplets
and lumps of slag in layer of charcoal were observed. In one of the experiments an excep-
tionally strong inflow of solid slag occurred in the sector where the outlet of the pit canal

Shaft Preheating Charging Time of
Smelt X ~

height | Charcoal |Time Ore Charcoal Intervals (smelt (h)
1(2013)| 2.4m|1/2ofshaft| 4h H/B =5:1; 14x15 kg 14x15 kg 30-85 min 18

11 (2014)| 2.5 m | 1/2 of shaft | 5.5 h|H/B=10:1; 4x15 kg, 7x20 kg | 4x15 kg, 7x20 kg |50-100 min| 16
111 (2015) | 2.45 m | 1/2 of shaft | 3.5 h |H/B = 1:1; 4x15 kg, 8x20 kg| 4x15 kg, 8x20 kg| 35-90 min| 18
IV (2016)| 2.5 m|1/2of shaft |2.5 h|H/B=1:1; 4x15 kg, 7x20 kg | 4x15 kg, 7x20 kg|40-120 min| 18.5
V (2016)| 3.05 m | 1/2 of shaft| 3 h H only; 11x20 kg 11x20 kg 60-130 min| 18

Tab. 2. Parameters of the experimental smelts |-V carried out in 2013—2016 (the abbreviation ‘H/B’ means
the Hematite/Bog ore mixing ratio).

Tab. 2. Parametry experimentdlnich taveb |-V realizovanych v letech 2013-2016 (zkratka H/B znamena
smésny pomér hematitu a bahenni rudy).
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Fig. 4. Microstructure of the bloom from experimental smelt | (Dymarki Swietokrzyskie 2013). Sample be-
fore (a, b) and after (c, d) etching with 3% Nital.

Obr. 4. Mikrostruktura Zelezné houby z experimentélni tavby | (Dymarki Swietokrzyskie 2013). Vzorek pred
naleptanim 3% nitalem (a, b) a po ném (c, d).

was located. It may confirm its important role in the mechanism of draining this material,
as long as the conditions of appropriate ‘ventilation’ of the slag-pit are met.

5. Bloom and slag characteristics

The microstructure of the bloom obtained in smelt I indicates the formation of iron in the
form of filigree and solid zones (fig. 4). Solid iron was created within filigree zones prob-
ably according to the mechanisms known from the smelts carried out in furnaces swiefo-
krzyski type (Suliga — Karwan 2014; Przychodni — Suliga 2016). The pieces of charcoal,
on which the grids of reduced metal were emerged, also played a role in the formation of
iron. The extensive solid iron zones were characterized by high purity. Only minor oxide
inclusions and few slaggings were observed. However, the metallic phase appearing in the
upper part of the bloom was heavily carburized to the eutectoid composition (0.77 % C)
on the surface (fig. 4c). The observed gradient of carbon concentration indicated the diffu-
sive nature of this carburization (fig. 4c—d). This was caused by too long leaving the pro-
duced bloom in the heated furnace. In the microscopically examined slag-iron structure
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Fig. 5. Microstructure of the pseudo-bloom from the experimental smelt [l (Dymarki Swietokrzyskie 2015).
Obr. 5. Mikrostruktura pseudo-Zelezné houby z experimentalni tavby Il (Dymarki Swietokrzyskie 2015).

(pseudo-bloom) obtained in smelt III, iron was also formed in the form of filigree and solid
zones, but these were already relatively small (fig. 5). Surrounded with slag and oxide
phases, they were not exposed to the carburizing atmosphere in the furnace and retained
ferritic structure.

The microstructures of slag samples from smelt III are typical for acid slags from iron
production processes (fig. 6). Gangue of ores, iron oxides and ash components formed
alloys from the FeO-Si0,-Al,0,-K,O system. On the background of gray fayalite Fe,SiO,
bright dendrites or grains of wiistite FeO can be seen. In intergranular spaces of fayalite,
hercynite is probably located.® The presence of its may result from the reaction between
slag and the material of the shaft, which was heavy melted in the area of the blow holes.
This material contained clay, which could be a source of A1203. At the same time, the com-
ponent in question does not show the features of the intergranular glass phase, typical for
nearly all bloomery slags, because it did not shine in the ‘dark field of view’.

The fine-crystalline structure of clots of slag indicates their rapid crystallisation in the
potentially small volume of the slag phase, and the structural composition testifies to the
higher FeO content than in solid slag. The bright bands in the structure of both clots of

% It was identified using the diffraction method on the EDS microanalyzer and confirmed by computer simu-
lation in the FactSage program.
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Fig. 6. Microstructure of clots of slag (a, b) and solid slag (¢, d) from experimental smelt Il (Dymarki Swie-
tokrzyskie 2015).

Obr. 6. Mikrostruktura strusky s vysraZeninami (a, b) a strusky monolitické (c, d) z experimentalni tavby I11
(Dymarki Swietokrzyskie 2015).

slag and solid slag are boundaries of consecutive portions of slag inflowing over each other
(fig. 6b). In the absence of the possibility of melting together (low temperature, low thermal
capacity), these layers are separated by wiistite zones, resulting from the surface oxidation
of fayalite. Particular layers of clots of slag have a different volume, they crystallize at
different speeds and consequently differ in the size of crystallites. Solid slag has a coarse-
grained structure indicating the slow crystallization of its large portions. The microstruc-
ture also marks the bright boundaries of the inflow layers. Generally, it is characterized by
a lower FeO content than in clots of slag, it comes from a different phase of iron smelting,
and also contains phases associated with K,O (leucite K,0-Al,0,'6Si0,; K,0-4Si0,; fig. 6¢).
Locally, separations of metallic iron with identical morphology as in the bloom were ob-
served (fig. 6d).

6. Conclusion
The first stage of the presented experimental research, aiming to better understand metal-

lurgical aspects of the Tarchalice type furnace operation, allow the following conclusions
to be made.
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Since the only evidence for the functioning of this kind devices were slag-pits filled with
slag blocks, archaeological and ethnographic data, as well as scientific interpretations and
reconstruction results from other metallurgical centers, mainly from the Swigtokrzyskie
Mountains, appeared to be useful for the presented research.

Conducted experimental smelts yielded metallic iron separated from slag to a greater
or lesser extent. In the process natural draft was used, aided by bellows or a blower in
extreme cases of ‘freezing’ of the furnace. Regarding the genuine slag blocks, the experi-
mental smelts did not meet expectations. No regular and heavy block of slag with ‘cap’ and
“free solidification surface’ was obtained. The phase and structural composition of slags
obtained was identical to archaeological and experimental slags from the Swigtokrzyskie
Mountains (there is the lack of metallographic analysis of slags from the Tarchalice site).
In the FeO-Si0, system the resulting slags were alloys on the SiO, side and had traces of
a large share in their formation of ash components from charcoal (K,0-Al1,0,-Si0O, alloys).

The iron was obtained in the form of slag-iron structures composed of ‘segments’
associated with blow holes. In the case of using hematite with possibly a small admixture
of poorer ‘brown ore’ they had features of iron bloom. This kind of smelting product can
not be referred to non-existent archaeological evidence, but their internal structures are
analogous to the above quoted experimental blooms from the Swigtokrzyskie Mountains.
One can see there stages of forming of solid metal from filigree and grid forms to dense
metallic areas contaminated with slaggings and non-metallic inclusions. Iron originally
had probably a ferritic structure, but remaining necessarily for a long time in the cooling
furnace was carburized into the pearlitic composition on the surface.

An unquestionable success of the experiments was the demonstration that in the deter-
mined construction parameters of the furnace and in favorable weather conditions (espe-
cially in the presence of constant blow of wind) it was possible to conduct the bloomery
process only thanks to natural draft (smelts I-III), which according to the available source
material was the basic air supply system to bloomeries in Polish lands in antiquity (Orze-
chowski 2013, 130). This problem regarding the Tarchalice type furnaces is, of course, still
open, but even if we assume that artificial draft was in use at that time, it should be taken
into consideration, that the lack of the necessity of blowing e.g. 4 bellows for over a dozen
hours could compensate for the effort put into construction of a higher shaft.

In turn, the main drawback of the discussed research was the composition of the batch
material. Rich hematite ore favored the yield of iron and enabled smelting results to be
compared to other experiments, but it differed from the potential raw material for produc-
tion site in Tarchalice. The sign of this was among others a small degree of use of the slag-
pit capacity in comparison with the original furnaces. In correct experiments one should
work on good quality local bog ore, which unfortunately has not been found yet.

Further research should concern optimization of a fraction of batch material and a meth-
od of its loading into the furnace, determination of a role of a filling the slag-pit and verific-
ation of views on the importance of the pit canal. However, these tests can not be carried
out on such large furnace units due to the high costs and inertia of the devices. The building
material of the furnace shafts also requires experimental testing. The lack of evidence of
a relatively large amount of demolition material in the form of highly burnt or vitrified frag-
ments of shafts on ironmaking sites with ‘big’ furnaces should be explained experimentally
by specialists in ceramics. Similar research should relate to a reaction between liquid slag
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and the shaft casing or material forming the slag-pit walls, which could solve the problem
of creating of the slag ‘caps’and other widenings at the top of slag blocks.

Admittedly the results of experiments should be considered correct in terms of the qua-
lity description of the furnace and the process itself (such is the character of observations,
associations and general thoughts that emerged during tests), however further work must
be directed towards the quantitative description, creation of a thermal and thermodyna-
mic model as well as material balance, what requires the instrumentation of experimental
furnace and taking measurements of temperature, air consumption and exhaust gas com-
position.

We are grateful to all who supported our actions in terms of organization, especially to authorities of the SSDP:
Andrzej Przychodni, Szymon Orzechowski and Adrian Wrona, as well as with their hard physical work and ...
in mental way. Special note of thanks to Jens Jprgen Olesen for his precious tips and active help, without which
we would not have achieved the above results.
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Modelling of bloomery processes
in a medieval Russian furnace

Modelovani procesu ptimé vyroby Zeleza v ruské stfedovéké peci

Vladimir |. Zavyalov

A fully preserved 14"-century AD bloomery furnace was excavated in 2014 on the settlement of Kolesovka-4
(Russia, Tula district). This extraordinary find has been taken as a model for experimental work. The iron ore
used came from the Loknya River, a metallurgical conglomerate used came from the archaeological site of
Staraya Ryazan. The most successful result was achieved by using the conglomerate from Staraya Ryazan —
three pieces of blooms were made, weighing about 1 kg, and consisting of soft iron and a large number of
very coarse slag inclusions. These show a similar trace-element composition as the medieval bloom coming
[from the same site. Experiments conducted have shown that the bloomery furnace uncovered at the Kolesov-
ka-4 settlement is a rational pyrotechnological construction, allowing for a large number of smelting cycles.

bloomery process — modelling — furnace — metallography

V roce 2014 byla na sidlisti Kolesovka-4 (Rusko, okres Tula) odkryta plné zachovand Zelezdrskd pec ze
14. stol. n. I. Tento mimorddny ndlez poslouZil jako model pro experimentdlni prdce. PouZitd Zeleznd
ruda pochdzi z reky Loknja, pouZity metalurgicky konglomerdt pak z archeologické lokality Stard Rjazani.
Nejlepsiho vysledku bylo dosazeno pouZitim konglomerdtu ze Staré Rjazani — ziskdny byly tri kusy Zelez-
né houby vaZici asi 1 kg a sestdvajici z mékkého Zeleza a velkého mnoZstvi velmi hrubych struskovych
vméstkii. Ty vykazuji podobné sloZeni stopovych prvkii jako Zeleznd houba pochdzejici z té samé lokality.
Provedené pokusy ukdzaly, Ze redukcni pec odkryta na sidlisti Kolesovka-4 je raciondlni pyrotechnologické
zarizeni umoZitujict fadu vyrobnich cyklii.

pfima vyroba Zeleza — modelovani — pec — metalografie

One of the most challenging issues when modelling a bloomery process is defining the type
and size of a bloomery furnace. Archaeological remains of pyrotechnological structures,
in the vast majority of cases, survive only fragmentarily, and information on numerous
important features, such as construction of a furnace shaft and its height, position and num-
ber of tuyeres etc., are lacking. From this perspective an outstanding discovery was made
by archaeologists of the museum ‘Kulikovo Pole’, who uncovered a fully preserved bloome-
ry furnace at the 12"-14" century AD settlement of Kolesovka-4 (Tula region, Russia).
The furnace is a self-supporting, rounded construction with a vertical 75 cm high shaft
(fig. 1)." Thickness of wall: 12 cm; diameter below: 46 cm; diameter at the top: 16 cm.
A hole situated in its lower part was closed during smelting by a panel with an opening for
the tuyere (through which air was blown into the furnace); when the smelting was finished,
the hole was opened again to pull out the bloom. In front of the tuyere panel there was
a small clay platform edged with short boards on the sides. The furnace was built on the

! I thank dr. Andrey Naumov for permition to use unpublished materials.
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Fig. 1. The medieval
furnace from Kolesov-
ka-4 archaeological site
(Tula region). Photo by
A. Naumov.

Obr. 1. Stfedovéka pec
z archeologické lokality
Kolesovka-4 (oblast Tu-
la).
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clay base, which was a little bit wider than the lower part of the furnace. The base of the
furnace on the perimeter had a layer of limestone rock particles. The outer surface of the
furnace was covered with clay.

The replica of this furnace was built in Ryazan?® to conduct experiments on modelling
of medieval metallurgic processes (fig. 2). The construction of the bloomery (excluding
preparation work) took about one hour. After drying, which took a week, the furnace was
fired with dry pine firewood.

In total, eight smelting experiments were performed using the furnace constructed in
2015-2016. It should be mentioned that the construction withstood well the wintertime.
After a long (about ten months) pause only an additional daub of the outer and inner sur-
faces was needed.

Tuyeres made of local clay (with addition of sand or charcoal) were used for all the
experiments conducted. Length of the tuyeres was 20-25 cm; inner diameter was 2—2.5 cm.
The tuyeres were put into the furnace at an angle of about 30 degrees. A single bellow,
provided continuous air supply, (fig. 3) was used for air blasting (speed of air flow was
260 1/min).

2 The furnace was built and experiments were carried out with the help of Mikhail Ratkin (Ltd Arta, Ryazan).
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Fig. 2. The experimental model of the medieval Russian furnace. Photos in figs. 2-4 by V. Zavyalov.
Obr. 2. Experimentalni model ruské stredovéké pece.

The process started with 1 to 1.5 hour pre-heating of the furnace using dry pine fire-
wood. The temperature on the throat of the shaft reached up to 550-600 °C. Afterwards,
the furnace was charged up with charcoal and a powerful draft was provided.

Metallurgical raw materials used for the experiments were collected on the archaeo-
logical sites. The most successful result was obtained using a slag-iron conglomerate from
Staraya Ryazan (Crapas Ps3anb, archaeological site, town destroyed by Mongols in 1237).
However, the success is connected mainly with the fact that the correct temperature regime
(achieved by powerful draft before charging first iron ore, moderate draft in the consequent
process of ore charging and the continuation of the powerful draft before the end of the
process) was successfully maintained during the experiment.

Before the smelting, ore was roasted on a bonfire. An ore layer, which was cross-covered
by poles, was lain on the row of wooden poles. The next ore layer was spread and then from
four to five more layers. The ore roasting lasted 1-1.5 hours (until the complete burning
out of a wood). Finally the ore lost 7-10 % of its initial weight.

The proportion of ore to charcoal in a charge was from 1 : 1 to 1.5 : 1 (not counting the
charcoal charged into the furnace before the smelting process). The proportion of the iron
conglomerate to charcoal was the same. The charge was added into the furnace in portions
of 2-3 kg (first — the ore, then the charcoal) after the subsidence of the previous portion.
Time intervals between charging were from 5 to 15 minutes. It is worthy to note that in
successful experiments these intervals were minimal. Therefore it took 1.5 hours to charge
10 kg of ore and the process itself (from charging the first portion) took 2-2.5 hours.

As mentioned above, the most successful result was achieved by charging the iron con-
glomerate from Staraya Ryazan. The conglomerate is a mechanical mixture of a not com-
pletely slagging gangue, iron oxide (FeO), magnetite (Fe,O,) and some small fragments
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Fig. 3. The experimental furnace in operation.
Obr. 3. Experimentalni pec za provozu.

of reduced iron. During the experiment 7 kg of the conglomerate was used and three pieces
of bloomery iron weighing 1 kg (altogether) were made. Metallographic examination of one
of these pieces revealed a structure of ferrite with disproportionate grain size (2-5 GOST?)
and with a number of large slag inclusions. Microhardness of the ferrite is 170-181 HVO.1.

A concentration of the conglomerate was found in the surface layer on the plain between
Northern Promontory and Northern settlement in Staraya Ryazan. While studying the con-
glomerate, a bloom, which had a shape of irregular hemisphere, stretched a bit in a plan
was noticed. The size of the bloom is 13 x 10 x 4 cm and its weight is 0.83 kg. The bloom
is covered with a slaggy layer, and the iron is concentrated in its lower part. There are
a lot of pores and slag on the surface of the metal, the structure of which contains tempered
martensite as determined by metallographic examination. Microhardness of the metal is
383-420 HVO.1. In order to determine the carbon content, the fragment was annealed by
heating at 800 °C and by consequent slow cooling (the fragment was placed next to a hearth)
to ambient temperature. Metallography of the annealed sample revealed ferritic and ferri-
tic-pearlitic structure. Carbon content reaches up to 0.7 % in places. Microhardness of the
ferrite is 110128 HVO0.1, and of the ferrite-pearlite 193-221 HVO.1.

A bloom discovered in Staraya Ryazan offered an opportunity to compare the element
composition of the experimental samples with the archaeological material. Eighteen analy-
ses have been carried out in total: one — ore from Istye, three — experimental bloomery iron,
six — bloom from Staraya Ryazan, six — experimental conglomerate and two — archaeo-
logical conglomerate from Staraya Ryazan.

3 GOST 5639-82 (Russian state standard for grain size determination in steels and alloys).
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Fig. 4. A— bloomery iron
made during the experi-
ment; B — cross section of
a sample from the bloom.
Obr. 4. A—Zelezo vyrobe-
né v rdmci daného expe-
rimentu; B — prifez vzor-
ku Zelezné houby.

The archaeological slag-iron conglomerate from Staraya Ryazan differed in quite high
concentration of iron oxide (53.5-60.8 %) with silica (8.1-12.1 %) and alumina (0.1-1.1 %)
concentration. The conglomerate yielded within the experiment has 63.7-65.6 % of iron
oxide, 34.1-38.2 % of silica and 11.2-15.5 % of alumina. Hence, in the experimental smelt-
ing more iron was needed for slagging the gangue in comparison with the medieval process.
However, more gangue occurred in the experimental conglomerate.

An important factor of a successful bloomery process is the viscosity index of slag
which shows the complete burrow removal from the charge (first of all, silica and alumina).
According to Bachman’s data, the viscosity index varies from 0.5 to 1.0 (Bachman 1982).
The computation of the viscosity index for the mentioned samples showed that only one
sample (13080) received in the experiment has this index close to the range given. In the
metallographic analysis an even dark grey structure (fayalite) was discovered in the sample
13080 with a large amount of pores and separate round particles of white colour. So to say
exactly this sample is actually a piece of slag. Still the rest of the fragments (experimental
as well as archaeological) which showed the viscosity index significantly higher than 1 and
did not have flow characteristics — in other words, they were conglomerates.
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Sample Ag As Mo | Cu Ni Fe Mn Al S P Si Mg
Ore from Istya - 46.4 | 09 | 0.8 | 0.1 0.2 3.4
Conglomerate 0.4 - - - - 385 0.2 - - - - -
Conglomerate - - - - - | 550 0.2 74 | 0.2 | 0.1 18.1 -
Slag - - - - - 1495 02 | 59 | 0.2 - 159 | -
Slag - - - - - | 510 02 | 82 | 0.2 - 178 | 2.2
Slag - - - - - 3.9 | 01 | 178 - - 1398| -
Slag - - - - - 3.4 - | 156 | - - | 487 07
Bloom exp. - - 0.1 - - 199.8| - - - - - -
Bloom exp. - 0.1 0.1 0.1 03 [993 | - - - - - -
Bloom exp. - - - 0.2 | 09 |974 | 0.7 - - - - -
Bloom St.Ryazan - - - - - 1999 0.1 - - - - -
Bloom St.Ryazan - - - 0.1 01 |199.7 | - - 0.1 - - -
Bloom St.Ryazan - - - 0.1 0.3 |98.2| 0.5 - - - - -
Bloom St.Ryazan - - - 0.1 03 | 98.2| 04 - - - - -
Bloom St.Ryazan2 - - - - - [100.0| - - - - - -
Bloom St.Ryazan2 - - - 01 | 0.2 | 97.6 | 0.1 1.0 | 0.4 | 0.2 - -
Slag-aug2016 - - - - - | 557 01 33 | 01 | 03 | 174 | -
Slag-aug2016 - - - - - 1489 | 0.1 1.6 | 02 | 0.2 | 168 | -

Table 1. The element composition of materials analysed (in wt%; XRF spectroscopy).
Tabulka 1. Prvkové sloZeni analyzovanych materidld (v hm%, XRF spektroskopie).

It is known that the result of the bloomery process was chemically ‘pure’ iron and the
elements discovered during the experiment (excluding carbon, phosphorus and arsenic
which form a solid solution with iron) enter the slag (the amount of which can reach 2-3 %)
saturating bloomery iron (Kolchin 1953; Zavyalov — Estrova 1987). Considering the ele-
ment composition of the metal from Staraya Ryazan and that of the experimental blooms,
it should be mentioned that all elements detected were trace impurities which did not in-
fluence the metal characteristics. At the same time, similar concentration ratios of elements
were observed in the experimental and archaeological blooms: in both cases the peaks are
accounted for nickel and manganese, while contents of copper, arsenic, lead and titanium
were close to zero (see tab. 1). The element composition of iron products from Staraya
Ryazan and from the settlement of Istye-2 is similar.* In comparison, the element compo-
sition of iron products from Sarmatian sites was considered. As it can be seen from the
chart in Sarmatian items the trace impurities of copper are significantly prevailing while
the content of other elements is close to zero.

4 The site of Istye-2 was a specialized metallurgical settlement providing Staraya Ryazan with iron (Bulan-
kin — Zavyalov — Ivanov 2012).
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The results of the experimental and analytical researches allow the following conclu-
sions to be made:

1. The bloomery furnace uncovered at the settlement of Kolesovka-4 is a rational
pyrotechnological construction allowing for a large number of smelting cycles.

2. Experimental works on extracting iron from slag-iron conglomerate showed that
the conglomerate could be used by medieval bloomery smelters instead of iron ore. This
conclusion proves the suggestion of A. Espelund on processing of production residuals
(Espelund 2005).

3. The bloom received from the medieval slag-iron conglomerate had the content of
trace impurities similar to the archaeological bloomery iron found at the same site.
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The manufacturing technology of a pattern-welded knife
from Kobili¢ (Republic of Croatia)

Technologie vyroby damaskovaného noze z Kobili¢ (Chorvatsko)
Adam Thiele

A pattern-welded knife dated to the 13" century was found during an archaeological excavation conducted
on the site of Kobili¢ 1 in 2010. Nowadays, pattern-welded knives are very popular due to their decorative
appearance and supposedly excellent mechanical properties. This paper introduces some new experimental
results gained during the manufacturing of a copy of the medieval pattern-welded knife using historical
techniques. During this experimental work some new practical observations were taken in general about
smelting and processing bloomery iron and concerning the decorative effect of phosphoric-iron used in
pattern-welding.

experimental archaeology — pattern-welding — phosphoric-iron — knife — Middle Ages

Damaskovany niiz ze 13. stoleti byl nalezen pri archeologickém vyzkumu lokality Kobili¢ 1 roku 2010.
V soucasné dobé jsou damaskované noZe velmi oblibené pro sviij dekorativni vzhled a vidajné vynikajici
mechanické vlastnosti. Tento clanek predstavuje nékteré nové experimentdlni vysledky ziskané pri vyrobé
kopie daného stiedovékého noZe s pouZitim autentickych technologii. Béhem experimentdlnich pract byly
vypozorovdny nové praktické poznatky ohledné vyroby a zpracovavani svarkového Zeleza i ohledné zdob-
ného ucinku fosforového Zeleza pouZivaného v damaskovych kompozitech.

experimentélni archeologie — svéikovy damask — fosforové Zelezo — ndiz — stredovék

1. Introduction

Nowadays pattern-welded (referred to hereafter as PW) knives and also other PW objects
(axes, swords, etc.) are very popular due to their decorative appearance and supposedly
excellent mechanical properties; several companies are making and trading PW items to
serve the needs of customers (although PW is a rather misunderstood term among enthu-
siasts, cf. the terminological mix-up of ‘pattern-welded’, ‘Damascus steel’ or ‘Wootz’).
Although scientists are investigating PW artefacts and several well-trained craftsmen are
forging reconstructions of medieval PW artefacts (usually even using bloomery iron as well),
some details about the historical manufacturing technology and the archaecometallurgical
background of PW objects remained unrevealed. This paper introduces some new experi-
mental results gained during the manufacturing of a copy of a medieval PW knife applying
historical techniques.

In PW a composite material was produced by the forge-welding of alternating layers
of bloomery iron alloys. PW blades show decorative surface patterns after being correctly
treated, i.e. fine ground and etched. The visibility and contrast of PW is significantly higher
in an etched state, therefore it is generally accepted that PW iron objects were etched in the
plast (Pleiner 1993; Tylecote — Gilmour 1986; Buchwald 2005; HoSek — Barta — Smerda 201 7).



458 ThieLE: The manufacturing technology of a pattern-welded knife ...

As for iron, three basic bloomery iron alloys were known and used by the medieval black-
smiths; 1) iron (sometimes also referred as ‘plain iron’), non-quench-hardenable iron-carbon
alloy containing less than 0.3 wt% of carbon, 2) steel, quench hardenable iron-carbon alloy
containing more than 0.3 wt% of carbon and 3) phosphoric-iron (referred to hereafter as
P-iron), non-quench-hardenable iron-phosphorous alloy containing more than 0.1 wt% of
phosphorus (Vega et al. 2003). In the historical technique of PW, iron and P-iron or steel
and P-iron were forge-welded together in 5—15 alternating layers and after forge-welding
this layered bar was twisted in most cases. Thereafter, these bars were as rule forge-weld-
ed between the cutting edge and the back of the knife blades, and two or more bars as the
core of sword blades or, in the form of surface panels, onto their core, etc. Ostentatious
knife blades of simpler construction did not contain twisted composites, i.e. PW bars, but
only strips of P-iron, which could be straight or serrated/wavy-shaped at the lower edge
(Bohdcovda — Hosek 2009, 375).

The first objects displaying evidently deliberate PW are Roman swords dated to the
second half of the 2" century AD (e.g. Gilmour 2007; HoSek — Beran — Komorécezy 2011).
PW swords reached the peak of their popularity around the 7" century (Kucypera in press),
and then in the 8"-9'" century, PW turned into the form of iron inlays forged into the surface
of the blades (Moilanen 2009; Williams 2012, 62; HoSek — Kosta — Barta 2012). Finally PW
disappeared from sword-making around the turn of the 11" century (Kucypera in press).
As for knives, PW, striped and serrated or wavy-welded knife blades were manufactured
between the 10"-14" centuries (Bohdcovd — Hosek 2009, 375; Ottaway — Rogers 2002;
Hosek — Zavyalov 2014, Pleiner 1982, 275). PW and serrate-welded saxes were the pre-
decessors of these knives (Westphal 1984), while in the 14" century PW knives were defi-
nitely substituted by blades decorated with non-ferrous inlays, as their fabrication was eas-
ier and faster. Besides swords and knives, a number of PW scramasaxes and spear-heads
are known (Hosek — Silhovd 2006;, Pleiner 1993, 214-222; Anteins 1 973).

All PW blades achieve their pleasing appearance due to the use of P-iron containing
as arule 0.4 to 1.4 wt% of phosphorus (Thiele — Hosek 2015a). The crucial role of P-iron
in PW blades was evidenced (Tylecote — Gilmour 1986; 251-252; Buchwald 2005, 283;
Hoyland — Gilmour 2006, 77-79) but its reducing effect on their mechanical properties
was also shown (Thiele et al. 2015). Although iron with increased amount of phosphorus
has higher strength (phosphorus has the strongest solid solution hardening effect on ferrite
among substitutional solid-solution strengtheners), phosphorus is an avoided element in
modern steel industry for its detrimental effects (Stead 1915), which include various forms
of embrittlement, decreasing ductility, dynamic and static toughness. It is for this reason
that its content in modern steels is controlled to <0.04 wt% (Boyer — Gall 1990, 144).
Characteristic values of toughness and ductility for typical P-iron used in historical PW are
very low (e.g. impact energy, percentage elongation after fracture etc., cf. more details in
Thiele — Hosek 2015b). Therefore, in historical blades, neither PW nor individual P-iron
strips improved their mechanical properties, although the limited amount of P-iron in the
blades did not cause the significant decline of mechanical properties. So P-iron and PW
were used solely for aesthetic purposes. An advantageous property of P-iron is highlighted
during etching applied for revealing the pattern of PW blades; P-iron is more resistant to
solutions and vapours of various acids than non-P-iron and steel (Thiele et al. 2014), so it
preserves its silver-like lustre and provides a contrastive pattern.
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Fig. 1. The PN_52 PW knife and its construction: a) photo of the knife; b) and c) macro photos of the pattern-
welded core; d) schematic drawing of the lateral construction of the knife showing the ferrous alloys used;
e) schematic drawing of the cross section of the knife on the basis of the metallographic examination [23].
Photos and drawings in figs. 1-4 by A. Thiele.

Obr. 1. Damaskovany n(iZ PN_52 a jeho konstrukce: a) foto noZe; b) a ¢) makrosnimky damaskového jadra;
d) schematické znazornéni boc¢ni konstrukce noZe s vyznacenim pouZitych slitin Zeleza; e) schematicky
néakres prifezu noZe na zékladé metalografické analyzy [23].

2. Materials and methods — the manufacturing
of a copy of the PN_52 knife

2.1. Archaeological background and the construction of the PN_52 knife

The PN_52 whittle tang knife (fig. 1: a), which is the first PW knife known from Cro-
atia, was found during an archaeological excavation conducted on the site of Kobili¢ 1 in
2010. This site is situated on the western edge of the present-day village of Kobili¢. The
knife is dated to the 13" century and was found in a presumable waste pit located farther
from the majority of the settlement features (Anfonic — Rdcz in press). Taking into consid-
eration that this knife is the only PW one known from the territory of Croatia to date, it is
more likely that it was imported than locally produced (cf. details in Thiele et al. 2017).

The total length of the knife was 126 mm from which the blade was 85 mm with a max.
width of 13 mm and max. thickness of 4 mm tapering to 2 mm. The overall construction
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Fig. 2. The construction and the dimensions of the experimental furnace used for iron smelting.
Obr. 2. Konstrukce a rozméry experimentalni pece pouZité pro tavby Zeleza.

of the knife is fairly typical of such 13" century PW ones. Only the cutting edge was harde-
ned which had a tempered martensitic microstructure whose carbon content was estimat-
ed at 0.5-0.6 wt%. The hardness of the tip of the cutting edge was ca. 580 HV0.2. The
PW core with an ‘X’ pattern appeared between the cutting edge and the back of the blade.
The back was mostly corroded, but the lateral surface examination of the blade suggested
that a simple decorative P-iron strip was forge-welded onto the patterned core (fig. 1: D),
which ended before reaching the pointed part of the blade as well as the PW core (fig. I: ¢).
12 alternating layers of steel and P-iron could be distinguished in the PW core in which
the steel had a C-content of ca. 0.3 wt%, while the coarse-grained P-iron had a P-content
of ca. 0.5 wt%. The pattern-welded core was bordered with a decorative strip of P-iron at
the back of the knife to increase the overall decorative effect. The upper part of the back
was iron with a pure ferritic microstructure. Detailed metallographic and SEM-EDS exa-
mination was published in Thiele et al. (2017).

2.2. Smelting iron

The reconstruction work was started from collecting suitable iron ores for smelting iron,
steel and P-iron. P-iron could usually be extracted of phosphorus-rich bog iron ores.

Several bog iron ore deposits are known in Somogy County (South-West Hungary),
where microbial bog iron ore lenses were formed in back marshes due to the precipitation
of Fe(III) minerals (goethite) during the microbial and chemical oxidation of fluids con-
taining solved Fe(Il), streaming under the surface. Microbial bog iron ore lenses were
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redeposited by creeks in areas which uplifted from the Early Holocene on (Kercsmdr —
Thiele 2015). Bog iron ores from the microbial bog iron ore lenses and from the redeposit-
ed bog iron ore layers were smelted intensively during the Avar and conquering ages due
to the abundance and high Fe-content of the ores.

But the smelting of these P-rich bog ores may result in non-forgeable P-iron as above
a certain temperature and P-content (1048 °C and P=2.8 wt%, cf. the Fe-P dual phase
diagram, Okamoto 1990) molten Fe-Fe.P eutectic phase appears on the grain boundaries.
P-content of the iron blooms could be decreased during the smelting by charging fluxes
of high CaO content (such as limestone, bog iron ores with high CaO content or ash). The
higher the CaO/SiO, ratio of the slag, the lower the activity factor of P,O, due to the for-
mation of a complex compound of 3CaO-P,O, (tricalcium-phosphate), hence the lower
amount of phosphorus dissolved in the iron (cf. the metallurgical and physico-chemical
background more detailed in Torok — Thiele 2013 and Thiele 2014).

P-iron was smelted of bog iron ore collected from a redeposited bog iron ore layer that
covers the bed of a fishpond near to the village of Libod where furnaces from the Avar-
Age (Kolto 1999) and an iron bloom (Torok et al. 2017) were also found. The chemical
composition of this ore was measured by the means of ICP-OES method in the Mining
and Geological Survey of Hungary (tab. I).

. Main oxides (wt%)
# Ore deposit site -
Al2O3 SiO; P20s CaO MnO Fe,Os; H.O X
Labod 0,46 3,82 6,6 3,44 1,61 78,02 5,01 98,96
2 Barét 1 11,2 0,71 0,63 1,12 70,6 12,67 97,93

Tab. 1. ICP-OES analysis results for the main oxides of the iron ores used for iron smelting.
Tab. 1. Vysledky ICP-OES analyz hlavnich oxid(i Zeleznych rud pouZitych pro tavby Zeleza.

For smelting iron and steel iron ore was collected in a sandstone mine near to the vil-
lage of Bar6t (Transylvania, Central Romania). Iron ore appeared as ironstone concretions
that grew in the spongy sandstone by precipitation from Fe(II)-rich post-volcanic thermal
water and arranged themselves in near-concentric bands. This ore does not contain any
phosphorus, its main mineral phase is also goethite but has an increased amount of SiO,
originating from the surrounding sandstone (tab. I).

Three smelts were carried out in the same furnace which was the copy of the so-called
Fajszi-type Conquering age Hungarian embedded furnace found first in Somogyfajsz
(Gomori 2000, 34). The construction and the dimensions of the experimental furnace can
be seen in fig. 2. In each smelt, after 1 hour preheating with wood and then charcoal, the iron
ore which was roasted and crashed to a grain size of 2—15 mm was charged (altogether
12.5 kg) mixed with charcoal into the charcoal filled warm furnace and after about 4 hours
the iron bloom was removed from the furnace.

During the smelting of P-iron from the bog ore from Labod, in order to keep the phospho-
rus content of the bloom in a range of 0.5-1.0 wt%, roasted 2—5 mm fine grained burned
limestone (Ca0O) was charged in a ratio of 1 : 5 CaO : ore. The ratio of charcoal:ore was
0.5 : 1 while the air supply was 50 I/min in this experiment and the resulting P-iron bloom
weighed 2.7 kg after the first compressing and 2.1 kg after forging to a billet (the bloom
was forged with a power hammer and heated in charcoal fire). Iron and steel was smelted
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from the ironstone from Bar6t in the same way but without charging CaO and with a ratio
of charcoal:ore of 0.5 : 1 and an air supply of 50 I/min respectively 1 : 1 and 100 1/min.
The iron bloom was 2.3 kg from which a billet weighing 1.8 kg was forged. The increased
amount of charcoal and air resulted in a steel bloom of 2.6 kg which was forged to a billet
weighing 2.0 kg. All the three billets had a similar shape with a length of ca. 450 mm and
a cross section (referred CS hereafter) of ca. 40 x 15 mm.

For purifying and homogenising, each billet was cut into 68 pieces then packed again
and the packets were forge-welded and folded 3 times. Thereafter ca. 80 cm long bars
with a cross section of ca. 15 x 15 mm were forged. The final phosphorus content of the
P-iron bar was between 0.6-0.9 wt% measured using p-XRF on a ground side of the bar.
The C-content was 0.2 wt% in the iron bar and 0.6-0.7 wt% in the iron and steel bar.
The carbon content was calculated from the results of HRc hardness measurement done
in water quenched state on a ground side of the bars. The iron and steel bars could also be
distinguished by spark test.

2.3. Forging the knife blade

For the PW core, 66 flat layers forged from steel and P-iron (each was ca. 60 x 15 x
2 mm) were piled alternatingly and the stock was forge-welded then forged into a bar of
6 x 6 mm CS. The bar was twisted and hammered flat to a CS of 7 x 4 mm and was cut to
80 mm long pieces used later as the PW layer. Each piece was hammered to wedge-shape
at the point to a CS of 7 x 2 mm. The iron back of the knife had a CS of 7 x 3 mm and was
95 mm long while the P-iron bar for the decoration strip was 80 x 7 x 1.5 mm. To keep
the original triangle shape of PN_52 knife the steel cutting edge had to be wedge-shape
with a length of 95 mm and a CS of 7 x 8§ mm at the beginning and 7 x 3 mm at the point.
These four layers prepared were kept together with a tong and then forge-welded, first at
the point and then, after a second heat, the whole body of the blade. Forge-welding had to
be done quite quickly because the temperature of the small workpiece decreased fast. The
blade was then shaped. The final thickness of the blade was 6 mm. The main forging steps
can be seen in fig. 3: a—e.

During the forging of the knife blade some practical observations were made. Due to the
presence of slag inclusions in the metallic matrix, bloomery iron bears much less plastic
deformation at room temperature before delaminating and cracking than the almost slag-
free modern steels, i.e. the ductility of bloomery iron is much lower because of the notching
and stress concentration effect of the slag inclusions (cf. Thiele — HoSek 2015b). The low
ductility of bloomery iron was observed on the forging temperature as well, thus less plastic
deformation is allowed in one forging step compared to modern steels. Also, in general,
uniaxial stress state is preferred during the plastic deformation (preferably compressive
stress and shear stress should be avoided) to prevent delaminating or cracking. It is also
important to start forging from the forge-welding temperature (1300-1350 °C depending
on the C-content) for re-welding the delaminated layers, as well as to avoid forging under
the Ac3 temperature (the lower temperature of the austenite field).

It was also observed that the yield strength of the bloomery iron is lower than that of
modern steels at forging temperature. This is caused by the melting of the slag in the metal
matrix, which led to less force-need for the same plastic deformation. The other reason
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Fig. 3. The main steps of the manufacturing of the PW knife: a) piled stock
for the PW core; b) drawn and twisted bar for the PW core; ¢) and d) the four
different layers of the knife before and after forge-welding; e) the forged knife
blade after shaping; f) the finished knife blade after etching.

Obr. 3. Hlavni kroky pfi vyrobé daného damaskovaného noze: a) paket pro
damaskové jadro; b) vytazeny a zkrouceny prut pro damaskové jadro; c) a d)
Ctyfi rizné vrstvy noze pted a po kovéaiském svafeni; e) vykovany a vytvarova-
ny naz; f) hotovy nliz v naleptaném stavu.

could be the lack of alloying elements (such as Si and Mn), which are alloyed to almost
all industrial steels for deoxidization and which provides a solid solution hardening effect
in austenite.

At the beginning of forging the spongy structured bloom there was no need to use any
flux as it contained enough slag for forge-welding. Later, when the billet was dense and its
slag-content decreased, borax was used as flux. However, bloomery iron is easier to forge-
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weld than modern steels probably also due to its slag inclusions and the lack of alloying
elements which decelerate the recrystallization, which is important during forge-welding.

Finally an interesting observation was that P-iron had a special smell (probably caused
by the vapour of phosphorus) at forging temperature, which may also help to distinguish
P-iron from non-P-iron.

2.4. Finishing the PW knife blade

The forged knife blade was roughly ground and sharpened on a manual sandstone water-
cooled grinding wheel. As the blade was narrow, the ground surface remained almost flat
and the blade had a simple ‘V’-shape CS with a 2-3 mm wide sharpened cutting edge.
The roughly ground blade had a thickness of 4 mm, so ca. 1 mm of material was removed
from each sides. The cutting edge of the blade was subsequently quenched in oil in a width
of ca. 10 mm from a temperature of ca. 900 °C (water quenching was also tried but the
edge was cracked). There was no annealing applied. After heat treating, the blade was
ground again using fine grained flat grind whetstones with grit sizes of 80, 120 and 240.
The cutting edge was sharpened again.

The next step is the finishing of the surface with a kind of etching. It is yet unknown
how the historical PW objects were exactly etched, but without a special treatment the fine
ground or polished surface does not show any clear pattern (there is no contrast between
the layers of different chemical composition), although the slag inclusions that follow the
forge-welding lines might be seen with the naked eye. There are three possible methods for
making the pattern visible, the etching method (in which the surface of the blade is exposed
to liquid organic or inorganic acids, Thiele et al. 2014), the method of abrasive grinding
(Mdider 2001), and finally the so-called controlled corrosion process. Following this latter
technique (described in details in HoSek — Bdrta — Smerda 2017) the knife blade was posi-
tioned on a holder on its flat back (fig. 4: a) approximately 10 mm above the level of 10%
vinegar in room temperature and exposed to its vapours in a closed container for 24 hours.
The forming corrosion products (fig. 4: a) were mechanically removed from the treated
surface by a wet rag every 8 hours. Then the blade was washed and the final surface treat-
ment consisted of slight hand polishing using a hand polishing pad of 1200 grit size. The
nice, contrastive pattern of the finished PW knife can be seen in fig. 3: fand in fig. 4. As
the PN_52 knife was originally probably also slightly bigger, the total length of the recon-
structed knife was 135 mm from which the blade was 90 mm with a max. width of 15 mm
and max. thickness of 4 mm tapering to 2 mm.

Some practical observations regarding the etched surface could also be made. The P-iron
layers were not only shiny compared to the grey coloured iron or steel layers but individual
crystals of the P-iron could also be recognized. This phenomenon was observed only after
the controlled corrosion process using the vapour of vinegar and not in case of etching in
liquid etchants (Thiele et al. 2014). This secondary decoration effect of P-iron is caused by
its highly coarse-grained microstructure in which the ferrite grains have a size of 0.1-1 mm
(fig. 4: D).

Areas with a different shade are also visible in the layers of iron and steel because of
the difference in their carbon content and microstructure, i.e. the different cooling speed
of the edge and the back of the blade. The historical use of P-iron for a decorative purpose
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Fig. 4. Etching the PW knife with controlled corrosion in the vapour of 10% vinegar: a) above, corrosion
products on the surface of the blade after 8 hours; below, the revealed pattern after washing and removing
the corrosion products after the first 8 hours of etching; b) the secondary decorative effect of coarse grained
structure of P-iron visible with the naked eye in the PW core under stereo-microscope after etching.

Obr. 4. Leptani damaskovaného noZe pomoci fizené koroze ve vyparech 10% octa: a) Nahote, korozni
produkty na povrchu cepele po osmi hodinové expozici; dole, vzorovani viditelné po omyti a odstranéni
produktli koroze z ¢epele po prvnich osmi hodindch lepténi; b) sekundarni dekorativni efekt hrubozrnné
struktury leptaného fosforového Zeleza, viditelny v damaskovém jadru cepele i pouhym okem, zdokumen-
tovany pomoci stereomikroskopu.

is also supported by the observation that the appearance of etched P-iron is rather homo-
geneous (apart from its visible grains) compared to iron or steel because carbon content
remains low in P-iron according to the high P-content as phosphorus is a ferrite-stabilizing
element in which phase the solubility of C is very low, i.e. over ca. 0.65 wt% of phospho-
rus the allotropic transformation of ferrite to austenite disappears (cf. Fe-P dual phase dia-
gram: Okamoto 1990). And finally, slag inclusions in and between the layers also remained
visible after etching (fig. 4: b).

3. Conclusions

During the experimental work of manufacturing a copy of the 13" century PN_52 PW knife
from Kobili¢, several new practical observations were made in general about smelting and
processing bloomery iron and regarding the decorative effect of P-iron in PW.
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1. P-iron was smelted of P-rich bog iron ore and it was possible to regulate the P-con-
tent of the iron bloom by charging burned limestone. Iron and steel was extracted by smel-
ting P-free ironstone; increasing the air supply and the charcoal/ore ratio led to the carbur-
izing of the iron bloom.

2. Compared to modern steels, bloomery iron:

« has lower ductility at the forging temperature, so bears less plastic deformation
in one forging step due to the presence of slag inclusions in the metallic matrix;

+ has lower yield strength at the forging temperature, caused by the melting of the
slag inclusions and the lack of alloying elements;

« easier to forge-weld;

+ P-iron has a special smell at the forging temperature.

3. After etching the fine ground PW knife blade in the vapour of vinegar, P-iron re-
mained bright and shiny providing a contrastive surface pattern. A secondary decoration
effect was also observed as the controlled corrosion process made the highly coarse-grained
ferritic microstructure also visible.
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Metallographic examination of four 7t"—8t century
long-blade weapons from Zelovce (Slovakia)

Metalografické rozbory Ctyf dlouhych secnych zbrani
ze 7.—8. stoleti ze Zelovcil (Slovensko)

JiFi Hosek - Mark Haramza

The article presents the metallographic examination of three sabres and one double-edged sword coming

from the 7"-8" century Slavic-Avar site of Zelovce (Slovakia). All four weapons had been subjected to
metallography as early as 1975, but the results were not published in sufficient detail. With this article, written
in honour of Radomir Pleiner, the authors wish to repay this debt. The blades are compared with other
(metallographically examined) weapons from Zelovce, and the manufacturing methods of early medieval
production of sabres are discussed.

Zelovce — Avars — sabres — sword — metallography — archaeometallurgy

Cldnek predstavuje metalografické rozbory tri Savli a jednoho dvojbritého mece, pochdzejicich ze slovansko-
avarské lokality Zelovce, datované do 7. aZ 8. stoleti. VSechny Ctyri zbrané byly metalograficky zkoumdny jiZ
vroce 1975, vysledky rozborii viak nebyly nikdy zverejnény ve vsech podrobnoszwh Timto c¢ldankem, napsa-
nym k pocté Radomira Pleinera, by autori chtéli tento dluh splatit. Dané Cepele jsou porovndny s dalSimi
(metalograficky zkoumanymi) zbranémi ze Zelovcii a diskutovdny jsou i metody vyroby Savli daného obdobi.

Zelovce — Avafi — Savle — me& — metalografie — archeometalurgie

1. Introduction

In 1975, Radomir Pleiner metallographically examined one sword and three sabres from
the 7"-8™ century Slavic-Avar cemetery of Zelovce (south Slovakia). The metallography of
the sabres was published in a preliminary fashion in 1979, but no photographs or drawings
were included (Pleiner 1979). Later, in 1989, R. Pleiner published simplified drawings of
the metallographic samples, but no details of the metallography were provided (Pleiner
1989). In fact, R. Pleiner never published these weapons and the results of their investiga-
tion in full detail. In 1991, L. Mihok published the results of the metallographic examina-
tion of several long-blade weapons from Zelovce (Mihok et al. 1991), including the same
‘Carolingian’ sword that had been previously investigated by R. Pleiner. The opportunity
was taken to check the metallographic samples stored in the Institute of Archaeology in
Prague and to present details of the metallographic examinations.

2. Avar-Age long-blade edged weapons

Long-blade weapons coming from the Avaric environment form a specific group of weap-
ons used in contemporary Europe. The most comprehensive study dealing with this topic
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was recently published by G. Csiky (2015), who also introduced a specific classification
system for these objects. Following Csiky’s classification, edged weapons (corresponding
to category of artefacts ‘E’) coming from Avaric sites are categorized according to both the
form and cross-section of blades: double-edged swords (E.I), single-edged swords (E.II),
sabres (E.III) and seaxes (E.IV; Csiky 2015, 152). Observed through this grouping, the main
trend in 7%-8™" century Avar weaponry is the gradual decrease of sabre blade curvature,
the relatively permanent presence of single-edged swords and the increasing appearance
of crossguards. Weapons with a single-edged and curved blade, suitable for cutting, can
be considered sabres. Sabre blades could also be provided with a false edge (or ‘elman’)
running some distance (up to 260 mm) from the point upward (i.e. the lower third or quarter
of the blade was double-edged). There are several theories on the function of the double-
edged parts; they offered more options to cut and facilitate thrusting, ‘since a lenticular
cross-section has several advantages over a triangular cross-section’ (Csiky 2015, 195).
This particular feature is seen on Zelovce sabres as well; the length of their false edges lies
in a very wide range going from 0 to 205 mm.

Some sabres (such as those from the Zelovce—cemetery graves nos. 167, 335, 442, 818)
have a cross- or star-shaped crossguard, formed by two arms and two langets in the middle.
The function of the langets was to fit the crossguard tightly to both the wooden grip and
the scabbard’s throat, thus protecting the blade from atmospheric factors and preventing
accidental unsheathing when riding a horse.

Although the morphological features compose the main basis of classification, techno-
logical investigations play an increasingly important role in grouping the artefacts. Therefore,
Csiky also drew attention to the metallographic results of Avar weapons (roughly 30 items
in total).! He discussed the metallographic examinations of Avar sabres and single-edged

! The examined weapons are: one sabre from Hoilare (grave No. 102), one sword from Hohenberg, two
sabres (grave nos. B-23 and D-338) and one single-edged sword (grave No. D-3) from Zillingtal, one sword
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swords published by R. Pleiner (1967, 90), J. Piaskowski (1974), L.. Mihok (Mihok et al.
1991; Mihok — Pribulova — Macala 1995), and M. Mehofer (2006), who examined finds from
Holiare (Slovakia), Kérnye? (Hungary), Zelovce and Kogice-Sebastovce (both in Slovakia),
Zillingtal and Gnadendorf (both in Austria), respectively.

3. The archaeological background of the Zelovce blades

The archaeological site of Zelovce (excavated between 1963 and 1968 under the direction
of Z. Cilinskd 1973) was situated on the Slavic-Avar border, and today lies roughly 2.5 km
northeast of the village of Zelovce (Velky Krti§ district, south Slovakia). It was a large
burial ground (with 870 graves) and represents one of the most important Slovak sites of
the 7™ and 8™ centuries. It consisted of two parts (as a structural analysis revealed) most
likely belonging to two individual settlements (Cilinskd — Wolska 1979, 154). A total of
628 graves were excavated in the first (earlier) part of the burial ground; burials were made
there from the 630s. In the second (later) part of the burial ground, 242 graves were exca-
vated, and it was in use from the second half of the 7™ century. The latest burials at the
Zelovce site date to the second half of the 8% century (Cilinska 1992, 30-36). The Zelovee
burial ground features an unusually high number of weapons (17 sabres, one ‘Carolingian’
sword, one single-edged sword-palash, and one seax), which is unmatched by other con-
temporary burial grounds in the Carpathian Basin.

4. Weapons from Zelovce examined metallographically

Radomir Pleiner examined the following long-blade weapons: sabres from grave nos. 27,
30 and 44, and a ‘Carolingian’ sword (undoubtedly from grave no. 124).

The metallography of the sabres was preliminarily published (Pleiner 1979; 1989).
Here, all the details gathered from Pleiners report (Pleiner 1975) are finally presented.

1) Sabre from grave 27 (specimen no. 301; fig. 2)

The presence of welding seams indicates that the blade was welded from three strips.
One side was more carburised than the other. Before welding, the strips were somewhat
homogenised by extensive forging at rather low temperatures. Even the most carburised
places barely reach the quality of medium-hard steel, hence the material was not suitable
for quenching, which was not applied. This weapon is of mediocre quality.

Metallographic description:
Two samples (‘A’ and ‘B’) were collected for metallography from the middle part of the blade. Part
of sample ‘B’ was also used for chemical analysis.

from Dabas/Gyén-Paphegy, one from Csolnok, three swords (grave nos. 78, 97, 149) 2 other swords (as stray
finds) and 2 spearheads (grave no. 129 and stray find) from Kornye, 3 spearheads (grave nos. 221, 238, 321)
and one sabre from Kogice-Sebastovce, eight edged weapons (grave Nos. 78, 124, 126, 235, 311, 335, 442,
818) from Zelovce, and other spearheads and swords from Budakalasz and Szegvér-Oromddlé (Csiky 2015,
293-294: nos. 7-11).

2 However, the Kornye burial belongs to the Early Avar period and thus does not chronologically correspond
to the Zelovce cemetery.
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Fig. 2. Sabre, Zelovce (Slovakia), grave 27: a — the examined weapon; b — schematic drawings and photos
of the samples (from the left: unetched state; distribution of the microstructures and of the main welds
across the sample with values of hardness (HV0.03); after etching with Nital; after etching with Oberhoffer’s
reagent); c—the expected method of assembling individual rods to make the blade (edge to back layering);
d —ferritic-pearlitic structure of the cutting edge (specimen A); e — one of the welding lines observed (speci-
men A). Etched with Nital (c) and Oberhoffer (d). Photo and drawings by R. Pleiner (a, b) and . Hosek (b—e).
Obr. 2. Savle, Zelovce, hrob 27: a— analyzovand zbra#; b — schematické nakresy a fotografie vzorku (zleva:
neleptany stav, rozloZeni strukturnich oblasti a vyznaceni hlavnich svari s Gidaji o namérené tvrdosti (HVO0,03),
po nalepténi nitalem, po naleptdni Oberhofferovym roztokem); c — pfedpokladany zplsob sestaveni
jednotlivych prutt pfi vyrobé cepele (vrstveni od bfitu ke hibetu); d — feriticko-perliticka struktura v bfitu
(vzorek A); e —jedna ze svarovych linii (vzorek A); leptdno nitalem (d) a Oberhofferovym roztokem (e).
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The surface layers of the metallographic samples are corroded. In sample ‘B’, the slag inclusions are
chained in roughly three bands running lengthwise from the edge towards the back. Considering their
number, corresponding to level 3-2 on the Jernkontoret scale, the metal is of mediocre purity. Sample ‘A’
also contains slag inclusions chained into several bands, but inclusions individually scattered throughout
the sample prevail. The number of inclusions corresponds to levels 3 and 4 on the Jernkontoret scale.

Macroscopic etching with Oberhoffer’s and Heyn’s reagents revealed that the blade profile consists
of several strips. In sample ‘B’ a strip (separated from one side by the weld) of fine-grained (ASTM 12)
ferritic-pearlitic spheroidised structure runs through the centre of the sample. This structure slowly chan-
ges into ferrite (ASTM 11-12) with traces of pearlite and is separated by a weld from another strip of
ferritic-pearlitic structure with a grain size of ASTM 12. Specimen ‘A’ shows a striped microstructure
similar to that of specimen ‘B’, i.e. a continuity of the strips and two distinct welds. A strip of ferritic
structure with traces of pearlite (grain size ASTM 11-12) is observed on the left side of the sample. This
structure is beyond a weld changed into a fine-grained ferritic-pearlitic structure. Pearlite with a ferritic
network and needles appears in places. This structure slowly changes into ferrite with traces of pearlite
and tertiary cementite on the boundaries of grains of ASTM 8-9 size. This structure is separated by a weld
from a strip of ferritic and ferritic-pearlitic structure. The blade has a very fine ferritic-pearlitic structure —
globules of cementite can be seen within ferritic grains.

2) Sabre from grave 30 (specimen no. 302; fig. 3)

The blade was forge-welded from two, or (more likely) from three strips of material,
of which each (mainly the central one) was unilaterally strongly carburised in advance.
A significant diffusion of carbon to the adjacent ferritic areas occurred in the course of
subsequent forging. The cutting edge was slightly hardened, perhaps by cooling it down
in a stream of cold air or in warm oil, etc.

Metallographic description:

A specimen for both metallographic and chemical analysis was cut off crosswise from the middle
part of the blade. The sample is covered by a thin corrosion layer. Non-metallic inclusions are chained in
several bands running lengthwise from the edge towards the back. The number of inclusions corresponds
on average to levels 2 and 3 on the Jernkontoret scale.

Etching revealed a highly heterogeneous structure. There is a narrow strip of ferrite with traces of
pearlite at the back of the blade. The cutting edge shows a fine-grained sorbitic structure, which, towards
the centre of the blade, changes in places to pearlite with a ferritic network, and further into a strip located
in the lengthwise axis of the sample with a structure of ferrite with some pearlite (grain size corresponds to
ASTM 9-10). At the right side of the sample there is a fine-grained ferritic-pearlitic structure that changes
into ferrite (of ASTM-8 grain size) with traces of pearlite.

3) Sabre from grave 44 (specimen no. 396; fig. 4)

The blade was made of soft carbon steel. Considering the distribution of slag inclusions,
it is likely that the billet was welded from at least two strips of such steel, of which one con-
tained irregularly distributed zones richer in carbon. The cutting edge remained relatively
soft and was not (and could not be) quench hardened; on the contrary, it seems that intensive
final forging took place at rather low temperatures. The blade was a simple product.

Metallographic description:

Two samples (‘A’ and ‘B’) were collected for metallography from both the cutting edge and back of
the blade. Part of sample B was also used for chemical analysis.

The surface layers of the metallographic samples are corroded, and the cracks filled with corrosion
products are in places propagating into the metallic core. Slag inclusions are chained into several lines
running lengthwise from the edge towards the back. In addition, numerous individually scattered inclusi-
ons occur in the whole sample. The total number of inclusions corresponds to levels 4 and 5 on the Jern-
kontoret scale, i.e. it is metal of very low purity.



) 268
280

301
217

unilateral
carburisation

324
241

back

235
257

340

477

421
cutting edge

d

Fig. 3. Sabre, Zelovce (Slovakia), grave 30: a—the examined weapon; b — schematic drawings and photos
of the samples (from the left: unetched state; distribution of the microstructures and of the main welds
across the sample with values of hardness (HV0.03); after etching with Nital; after etching with Oberhoffer’s
reagent); c—the expected method of preparing and assembling individual rods to make the blade (unilateral
carburisation followed by edge to back layering); d — pearlite in the cutting edge; e — pearlitic-ferritic structure
in the middle portion of the sample; f — ferritic structure in the back of the blade. Etched with Nital (c—e).
Photo and drawings by R. Pleiner (a, b) and J. HoSek (b—f).

Obr. 3. Savle, Zelovce, hrob 30: a —analyzovana zbraf; b — schematické nakresy a fotografie vzorku (zleva:
neleptany stav, rozloZeni strukturnich oblasti a vyznaceni hlavnich svaru s tidaji o namérené tvrdosti (HVO0,03),
po naleptani nitalem, po naleptani Oberhofferovym roztokem); c — pfedpokladany zptsob sestaveni jed-
notlivych prutd pfi vyrobé cepele (nerovnomérné nauhliceni polotovart vrstvenych od bfitu ke htbetu);
d — perlitickd struktura v bfitu; e — perliticko-feriticka struktura ve stfedni ¢asti vzorku; f — feriticka struktura
ve hibetu cepele; leptano nitalem (d—f).
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Half of the sample ‘B’ has ferritic structure with traces of pearlite; the grain size corresponds to the
ASTM 8-10. A narrow strip of ferritic-pearlitic structure is on the right side of the sample. The left side
of the sample shows a very fine-grained (ASTM 10-11) ferritic-pearlitic structure that includes zones of
pearlite with ferritic network and needles. A pearlitic structure appears on one side at the back of the sample.
A predominant part of sample ‘A’ contains a ferritic structure (of ASTM 9-1 grain size) permeated enti-
rely by spheroidised cementite. The middle portion of the blade shows an oblique strip of pearlite structu-
re with ferritic network and needles, which gradually changes over to the structure of ferrite and pearlite
(traces of pearlite in places). The cutting edge contains ferrite with a small amount of pearlite.

While the metallography of the sabres was published at least in a fragmentary manner,
an examination of the ‘Carolingian’ sword (undoubtedly from grave no. 124) was never
published. One of the possible explanations is that Pleiner lacked information he needed
for the proper description and identification of the weapon.? His original interpretation of
the sword production describes a blade made of a single piece of iron subjected to secondary
carburisation (either the edges of the iron semi-product were carburised prior to the final
forming to the shape of the blade, or the cutting-edge(s) of the nearly finished blade were
carburised). However, this interpretation appeared slightly inaccurate when the sample was
checked. Therefore, a re-assessment and re-examination recently conducted by the authors
is presented here.

4) ‘Carolingian’ sword (grave 124; specimen no. 299; fig. 5)

The blade consists of steel cutting edges welded onto a middle portion consisting of
surface panels and a core of iron. The overall character of the revealed part of the surface
panel corresponds to a layered-and-twisted composite, which, however, cannot be con-
sidered a standard pattern-welded composite. The reason lies in the very low differences
in the local contents of phosphorus. The blade was not quench hardened (at least not in
the whole volume) in the place of sampling. The very low visibility of the welding lines,
along with the extensive carbon diffusion beyond the welds, indicate that during the forg-
ing cycles the blade was exposed to high temperatures for a long time. The find seems to
be a failed attempt to produce a more glamorous pattern-welded weapon.

Metallographic description:

Two samples were cut out roughly halfway down the blade, each from one side. While one sample had
a well-preserved metallic core, the other was entirely corroded.

Metal purity varies considerably in both the central and cutting-edge portions of the blade (from level 2
to level 5 on the Jernkontoret scale).

When etched with Nital, the metallographic structure revealed three basic areas. Area I shows a pearli-
tic structure with a hardness of 220+27 HV0.2 (maximum hardness was 251 HVO0.2 on the cutting edge,
decreasing to HV0.2 towards the central portion). Area II is a mixture of pearlite and ferrite; the carbon
content gradually decreases from circa 0.7 to 0.25 percent towards the central portion of the blade; the hard-
ness reaches 133+8 HVO0.2. Ferrite is present in the form of polyhedral grains network as well as lamellas
penetrating the pearlitic grains. Area III is ferrite with some pearlite in places (max. c. 0.2% C). Hardness
is 116+19 HV0.2, grain size c. ASTM 7-8.

Etching with Oberhoffer’s reagent gradually revealed traces of welding lines separating the cutting edge
(A), the core (B) and one surface panel (C). Sharply bounded areas appeared (C*) within this panel (C).
Their hardness (133+6 HV0.2) is somewhat higher than the hardness (121+7 HVO0.2) and apparently also
the phosphorus content of the surrounding matrix.

3 The metallographic report lacks the number of the grave in which the sword was found, and there is no
description, photograph or drawing of the weapon itself.
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Fig. 4. Sabre, Zelovce (Slovakia), grave 44: a— the examined weapon; b — schematic drawings and photos
of the samples (from the left: unetched state; distribution of the microstructures and of the main welds
across the sample with values of hardness (HV0.03); after etching with Nital; after etching with Oberhoffer’s
reagent); c — the expected method of assembling individual rods together to make the blade (edge to back
layering); d —ferritic structure with traces of pearlite in the cutting edge (sample A); e — pearlitic-ferritic structure
in the back (sample B). Etched with Nital (c, d). Photo and drawings by R. Pleiner (a, b) and J. HoSek (b—e).
Obr. 4. Savle, Zelovce, hrob 44: a — analyzovana zbrafi; b — schematické nakresy a fotografie vzorku (zleva:
neleptany stav, rozloZeni strukturnich oblasti a vyznaceni hlavnich svari s tidaji o namérené tvrdosti (HVO0,03),
po naleptéani nitalem, po naleptani Oberhofferovym roztokem); c — pfedpokladany zpusob sestaveni jed-
notlivych prutl pfi vyrobé cepele (vrstveni od bfitu ke htbetu); d — feriticka struktura se stopami perlitu
v bfitu (vzorek A); e — perliticko-feriticka struktura v hfbetu cepele (vzorek B); leptédno nitalem (d, e).
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Fig. 5. Sword, Zelovce (Slovakia), grave 124: a — the examined weapon; b — schematic drawings and photos
of the blade samples (from the left: unetched state; after etching with Nital; after etching with Oberhoffer’s
reagent; layout of areas described; distribution of the microstructures and of the main welds across the
sample; hardness distribution chart); c — the other sample, which was entirely corroded; d — the expected
method of assembling individual rods to make the blade, if double-edged (cutting-edge welding onto a mid-
dle portion with pattern-welded surface panels); e — pearlitic structure in the Area | (etched with Nital).
Photo and drawings after Z. Cilinskd (1973, 199, Taf. XXII: 16) (a) and by J. Hosek (b—e).

Obr. 5. Me¢, Zelovce, hrob 124: a — analyzovana zbrafi; b — schematické nakresy a fotografie vzorku epele
(zleva: neleptany stav, po nalepténi nitalem, po naleptéani Oberhofferovym roztokem, rozloZeni popiso-
vanych strukturnich oblasti, vyznaceni hlavnich svar( a zachycenych strukturnich oblasti, graf pribéhu
tvrdosti); c — druhy odebrany vzorek, ktery byl zcela prokorodovén; d — predpoklddany zptsob sestaveni
jednotlivych prutd pfi vyrobé cepele, je-li dvoubfitéd (bfity navafeny na stfedni ¢ast nesouci povrchové
damaskové panely); e — perlitickd struktura v oblasti | (leptdno nitalem). Foto a kresby podle Z. Cilinské
(1973, 199, Taf. XXII: 16) (a) a J. Ho3ka (b—e).
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Fig. 6. Sword, Zelovce (Slovakia), grave 124: a— macrophotograph of the changeover between the Areas |1
and Il1; b —ferrite with some pearlite in Area Ill; c—slightly visible welds in the place where the cutting edge,
the core and the surface panel were attached to each other (when slightly etched); d — the surface panel
(when slightly etched); e — well visible Areas (C*) within the surface panel (after strong etching). Etched
with Nital (a, b) and Oberhoffer (c—e). Photo by J. Ho3ek.

Obr. 6. Me¢, Zelovce (Slovensko), hrob 124: a — celkovy pohled na pFechod oblasti Il do oblasti I1I; b — ferit
s trochou perlitu, oblast I11; c — slabé viditeIné svary v misté napojeni bfitu, jddra a povrchového panelu
(pfi slabém naleptanf); d — povrchovy panel (pfi slabém naleptani); e — dobfe viditelné oblasti (C*) v po-
vrchovém panelu (po silném naleptani); leptdano nitalem (a, b) a Oberhofferovym roztokem (c—e).
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The archive of metallographic specimens also contains sample nos. 684-687, which
were detached from the Zelovee weapons, but we do not know from which weapons in
particular these samples were taken. Although R. Pleiner and his assistant Mrs. B. Novot-
n4 started with the metallographic examinations, they never completed them. The folders
with semi-finished metallographic reports (each of which is labelled only as ‘sword —
Zelovce’) also contained a letter from L. Mihok. The letter (now preserved in fragments)®*
explains that I.. Mihok sent photographs of metallographic specimens to R. Pleiner in
1990, which he himself examined and also published a year later (see Mihok et al. 1991).
Therefore, we can only assume that the samples, which R. Pleiner had at his disposal, were
provided by L.. Mihok. In that case, the samples should come from sabre nos. 78, 335, 442
and 818. Because these samples are of low importance for the research of the production
techniques of Avar sabres, their description is not included.

L. Mihok and his colleagues also examined several weapons from the Zelovce cemetery
(Mihok et al. 1991): four sabres (from grave nos. 78, 335, 442 and 818), one single-edged
sword-palash (from grave no. 167), one seax (grave no. 311), one ‘Carolingian’ sword
(grave no. 124), and one dagger (no. 235). The obtained results (except for the ‘Carolingian’
sword) are summarised in fig. 7. The blades of sabre nos. 78, 335, 442, 818 and the blade
of dagger no. 235 were made by edge-to-back layering. Blade 818 is a steel-iron-steel sand-
wich, while blades 335 and 442 are a steel-and-iron sandwich. The blade of sabre no. 78
was welded from two plates of steel, and it seems that the cutting edge was also subjected
to secondary carburisation. Sword-palash no. 167 was most likely made of a single piece
of heterogeneous iron. Mihok himself believed that the palash has a side-to-side banded
blade, but he did not provide any acceptable evidence for this hypothesis. The same situa-
tion concerns seax no. 311, the blade of which consists of heterogeneous iron and which is
described as a side-to-side banded item. Sword no. 124 has, according to L.. Mihok, a sin-
gle-edged blade made from an iron back and welded-on cutting edge of steel. No traces
of quenching were detected in the examined weapons.

Another sabre examined metallographically by L. Mihok and his colleagues (Mihok —
Pribulovd — Macala 1995) came from the 7"—8™ century Slavic-Avar cemetery of KoSice-
Sebastovce (Slovakia). The sabre is presumably the one from grave no. 161 dating to the
first half of the 7™ century (for more details see Krivdk 2017, 69). According to Mihok,
the blade of this weapon was made as a sandwich (a variant of the edge-to-back layering)
consisting of a mildly carburised central plate to which a somewhat less carburised plate
was laterally welded from each side. In addition, it seems that the cutting edge of the blade
was secondarily carburised (but no more than 0.3% of carbon was observed). Two samples
were taken from the blade crosswise, one near the hilt, the other near the point, but none
shows traces of quenching.

R. Pleiner (1967, 90, 120) published a metallographic examination of the sabre coming
from the 7"-8" century cemetery of Holiare (Slovakia). The weapon was found in grave
no. 484, dated to the 7" century. The blade has a welded-in cutting edge of nearly eutectoid
steel, and the back is iron. The blade was quenched and tempered (or slack-quenched).’

4 The archive, including the metallographic reports in question, was heavily damaged by flood in 2002.
5> However, it is not clear from which part of the blade the sample for metallography was detached.
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Fig. 7. Single-edged weapons from Zelovce (Slovakia) examined metallographically by L. Mihok: Sabres from
grave nos. 167, 78, 335, 442 and 818, dagger from grave no. 335, and seax from grave no. 311. Drawings
(not in scale) after L. Mihok et al. (1991), adapted and amended by ]. HoSek.

Obr. 7. Jednose¢né zbrané z Zelovcii (Slovensko) prozkoumané metalograficky L. Mihokem: Savle z hrobd
167, 78, 335, 442 a 818, dyka z hrobu ¢. 335 a sax z hrobu ¢. 311. Nakresy (v rizném méfitku) podle L. Mihoka
(Mihok et al. 1991), upravené a dopInéné J. Hoskem.
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Three single-edged long-blade weapons dating from the 7™ to 8" century were also
examined by M. Mehofer (2006); all three pieces (two sabres and one single-edge sword)
come from the Avar burial ground of Zillingtal (Austria). Possible manufacturing techni-
ques used to produce the weapons are described as follows (Mehofer 2006). The 8™ centu-
ry sabre from grave B 23 was made from a single piece of iron (with some steel in places),
and no traces of hardening were observed (samples were taken half-way down the blade).
The sabre from grave D 338, dating to the second half of the 7 century, was apparently
made from a single piece of metal irregularly varying between iron and steel. While samples
taken half-way down the blade show no traces of hardening, samples taken close to the
point indicate rapid cooling or even quenching (although the carbon content was insuffi-
cient for the formation of typical quenched microstructures). The blade of the single-edged
sword from grave D 3, dating to the second quarter of the 7™ century, was made of at least
two lamellas, as suggested by a corroded weld running from the back downwards. The
carbon content of the blade is presumably low and its distribution uneven.

Certain comparisons can also be made with 7" to 9"-century sabres from Volga-Bulga-
rian cemeteries, which were examined and recently published by Yu. Semykin (2015). Two
sabres come from the Novinkovskij kurgan burial ground /HoBuHKOBCKMI KypraHHBIH
moruabHuk/ (Russia) dating from the late 7 to the mid-8™ century. The blade of the first
one (no. 45) was made of heterogeneous material, mostly iron, but in places also steel.
The other (no. 29) was presumably made of a similar material, but it seems that cutting
edges were also secondarily carburized and subjected to quenching. While samples from
sabre no. 29 were taken approximately half-way down the blade, the sample from sabre
no. 45 was taken close to the hilt and just from the cutting edge. One sabre (no. 35) comes
from Bolshe-Tiganskij I burial ground /Bonbme-Turanckuii I rpyHTOBBINH MOTUIBHUK/
(Russia) dating from the mid-8™ to the mid-9" century. The blade of this weapon was forged
from a piled billet (combining iron and steel). The sample was taken approximately half-
way down the blade and just from the cutting edge. Five sabres come from the Bol'she-Ti-
ganskij burial ground /bonbuie-Turanckuii rpyHTOBBIN MOrWiIbHUK/ (Russia) dating from
the mid-8" to the 9" century. The blade of sabre No. 21 was presumably made from a layer
of steel welded to one side on a piece of iron (Semykin 2015, 139).° A sample for metallo-
graphy was taken from a cutting edge in the upper part of the blade (closer to the hilt), and
no traces of quenching were detected. The four other sabres (nos. 22 to 25) were made of
steel with visible welding lines running from cutting-edge to back. Sabre nos. 22, 23 and 24
were sampled near the point, the hilt, and half-way down the blade, respectively. All three
blades were subjected to quenching limited to the cutting edges. Three samples detached
from blade no. 25 indicate that the blade was quenched along the entire length and in the
whole volume. One sabre (no. 1), dating from the mid-8" to the mid-9™ century, comes
from the ‘burial ground at the 116" kilometre’ /Morunpuuk y 116 kunomerpa/ (Russia).
The blade shows a layer of quench-hardened steel welded to one side of a piece of hetero-
geneous material varying between iron and steel. The sample for metallography was taken
from a cutting edge in the upper part of the blade (closer to the hilt).

% The same sabre is also described in the monograph as a piece made of a rather heterogeneous material,
mostly iron with some steel in places (e.g. Semykin 2015, 56).
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Considering the small number of the 7"—8™ century sabres metallographically examin-
ed, it seems pointless to strive for a detailed comparison of the sabres from Zelovce with
those from other contemporary sites. We can just conclude that they did not differ signif-
icantly in any technological aspect. However, we can clarify the current knowledge of the
techniques used in the manufacture of sabres. Their blades were in general forged from
billets prepared by edge-to-back layering;” some of them consist entirely of steel, others
entirely of iron or heterogeneous material varying between iron and steel. Various forms
of sandwiching or cutting-edge welding-in seem to be a standard for making blades, delib-
erately combining iron and steel. Perhaps carburising cutting edges could also be practiced
(as suggested by some of the examinations). No blades with cutting-edges of steel welded
onto an iron back (corresponding to side-to-side banding) were encountered. No pattern-
welding appears on sabres. In fact, the constructions of the sabre-blades correspond well
to the constructions used in manufacturing knives in the given cultures (see e.g. Semykin
2015, 110; Mihok — Pribulovd — Macala 1995). The blades of 7"—8™ century sabres were
seldom quench-hardened in their whole volume (i.e. across the whole cross section and
along their whole length).

Comparing the ‘Carolingian” sword from Zelovce (grave 124) with other contemporary
swords is rather difficult. First, it is not clear whether the blade is single- or double-edged.
Cilinskd (1973,57) described the sword as a single-edged sword, and Mihok was convinced
that the results of his examination confirmed this (Mihok — Pribulovid — Macala 1995,
Mihok — Holy — Cilinskd 1993). However, in 1975 the weapon was already heavily corrod-
ed and ‘preserved in poor condition’. Pleiner cut out two samples from the blade, one from
each side, but only one sample contained a metallic core (see fig. 6). In addition, newly
obtained metallographic results suggest instead that it was a double-edged pattern-welded
blade (or rather an attempt to produce a pattern-welded blade). If so, the sword would be
a common 7"-8" century ‘spatha’ in terms of the construction used, but an unusually poor
piece in terms of the low quality of the pattern-welded composites.

5. Conclusion

The sabres from Zelovce, examined in 1975 by Radomir Pleiner, show features similar to
those of other contemporary sabres in terms of the manufacturing techniques employed.
Deliberate combinations of iron and steel, encountered in 7" to 9™ century sabre-blades,
were typically based on edge-to-back layering, and most of the examined blades show no
traces of quenching. The ‘Carolingian’ sword from Zelovce (grave 124) has a welded and
most likely double-edged blade deliberately combining iron and steel. The cutting edges
were welded-on and the middle portion was provided with surface panels of layered and
apparently twisted material resembling pattern-welded composites. If the sword is indeed
a ‘pattern-welded’ specimen, like the majority of the 7"—8" century swords, the pattern-
welding was virtually invisible.

7 L. Mihok even considered edge-to-back layering of blades an eastern-type technique. In contrast, he belie-
ved that side-to-side banding was a western type technique (Mihok — Holy — Cilinskd 1993).
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Multi-phase microstructures in Anatolian Seljuks
iron-steel objects: classificationand productiontechniques

Vicefazové mikrostruktury anatolskych Zelezo-ocelovych predmétd
z obdobi rimského sultandtu: klasifikace a vyrobni techniky

Umit Guder - Cemal Cem Tasan - Alptekin Yavas

In this paper a collection of iron objects from the Anatolian Seljuks Period, ca. 12"—13" century AD, are
analysed and discussed from a metallurgical perspective. A total number of 21 iron-steel objects, small
knives and flat bodied (with thin cross-section) arrowheads was examined. These objects are coming from
the Seljuks’ cultural layers of Egirdir (Isparta, Central Anatolian Caravanserai), Kubad Abad (Konya,
Central Anatolian Sultan’s Palace Complex), and Samsat (Adiyaman, Eastern Anatolian Fortress). In the
samples which were taken from iron tools, composite-like structures formed by different ferrous phases
were revealed by metallography, SEM-EDX and micro hardness examinations. These structures are clas-
sified according to the production materials and techniques. The first group revealed signs of continuous
forging and, in some cases, bloomery iron folding, which can lead to such composite-like structures. The
second group consisted of tools which were produced from different starting materials which were forge-
welded before or during shaping process. The crucible steel knives can be classified as another group,
in which the composite-like structure exhibits totally different constituents leading to more homogeneous
mechanical character. In modern times, composite materials have gained importance and become key
engineering materials due to their outstanding specific properties. This study reveals that skilled Seljuks’
blacksmiths made similar materials design choices in the production of iron or steel objects, despite limited
materials and metallurgical knowledge.

Anatolian Seljuks — multiphase steel — crucible steel — arrowheads — archaeometallurgy

V prispévku je diskutovdna kolekce Zeleznych predmétii z obdobi rimského sultandtu, ca 12.—13. stol. n. L.,
analyzovand a hodnocend z metalurgického hlediska. Celkem 21 Zeleznych predmétii, mensich noZii a plo-
chych hrotii Sipui (s tenkym priirezem). Predméty pochdzeji z kulturnich vrstev riimského sultandtu v Egirdiru
(Isparta, stredoanatolsky karavanseraj), Kubad Abad (Konya, stredoanatolsky sultansky pdldcovy kom-
plex) a Samsat (Adiyaman, vychodoanatolskd pevnost). Vzorky odebrané z Zeleznych nastrojii vykazovaly
struktury podobné kompozitnim, sestdvajici z riiznych strukturnich fazi vymezenych pomoci metalografie,
SEM-EDX a méfenim mikrotvrdosti. Dané struktury byly kategorizovdny podle uZitych materidlii a tech-
niky vyroby. Prvni skupina vykazovala zndmky kontinudlniho kovani a misty paketovani svdrkového kovu,
které miiZe vést k takovymto jakoby kompozitnim strukturdm. Druhd skupina sestdvala z ndstrojit vyrabé-
nych z riiznych vychozich materialii, které byly pred nebo v pritbéhu tvdreni svarovany. NoZe z kelimkové
oceli Ize klasifikovat jako dalst skupinu, ve které kompozitni struktura vykazuje naprosto odlisné slozky,
vedouci k rovnomérnéjsim mechanickym charakteristikam. V dnesni dobé nabyly kompozitni materidly
velkého vyznamu a diky svym vyjimecnym specifickym vlastnostem se staly klicovymi materidly strojirenstvi.
Tato studie odhaluje, Ze zrucni seldzucti kovdri volili podobnou materidlovou konstrukci pri vyrobé Zelez-
nych nebo ocelovych predmétii, navzdory omezenym materidlovym a metalurgickym znalostem.

anatolsti SeldZzukové — vicefazova ocel — kelimkova ocel — hroty $ipC — archeometalurgie

1. Introduction

The presence and variety of microstructural phases results in desirable mechanical prop-
erties in structural alloys. For example, advanced high-strength steels can be produced by
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strengthening ductile ferrite and/or austenitic matrix with the existence of martensite, bainite
and/or various carbides (Springer — Tasan — Raabe 2015) and titanium alloys combine beta
and alpha phases (Zhang et al. 2017) etc. For industrial applications, rolling is one of the
favourable shaping methods for bonding high carbon steel and alumina stabilized ferrite
material. This technique provides better uniformity for the deformations of layers than
traditional processes like forging and hammering (Charles 1998, 501). The concerns for
production of steel objects which are easy to form, shock resistant and production of which
is cost-efficient by using the available technologies, were in the Middle Ages similar to
those in modern times.

In order to determine the technique and materials used by Anatolian medieval black-
smiths, a total number of 21 arrowheads and knives, dated from ca. 12" to 13 century AD
was examined. Because of the domino effect created by the Mongol invasion, Central Asian
artisans migrated to Anatolia especially during the 13" century (Artk 2000). The transitions
can be seen in the architectural designs, stone working and ceramic production, though it
is expected that the experienced blacksmiths worked during this period in Anatolia as well.
Moreover, as Mongol invasion had reached Anatolia, the new habitants had used similar
techniques for construction of buildings, production of ceramics and metals but with some
major aesthetical and technical changes. Due to this fact, the archaeometallurgical studies
of the finds from this period become more interesting.

Examined iron-steel objects, knives and flat bodied (with thin cross-section) arrow-
heads, come from the excavations at Anatolian Seljuks’ cultural layers of Egirdir (Isparta,
Central Anatolian Caravanserai), Kubad Abad (Konya, Central Anatolian Sultan’s Palace
Complex), and Samsat (Adiyaman, Eastern Anatolian Fortress).

Samsat (known as Samosata and Stimeysat as well; Demirkent 1979, 235), which was
submerged under the lake of Atatiirk dam in 1990, was one of the biggest mounds of low-
er Firat region in Southeastern Anatolia. The mound and the lower city of Samsat was an
important cultural centre hosting Hittites, Assyrians, Urartians, Persians, Byzantians, Cru-
saders, Umayyads, Seljuks, Artuqids, Ayyubids, Mongols and Mamluks. In 1978—-1989,
during the excavations of medieval cultural layers, a huge set of medieval arrowheads was
found. The set consisting of 12.200 arrowheads was found hidden in a medieval tower
together with pottery and coins dating from the 12%—13" century (Oney 1982, 75; Ozgii¢
1986, 445). Because the assemblage contains also semi-finished arrowheads, knives and
pieces of blooms, it is assumed that it is a hoard buried by Seljuk blacksmiths during the
Mongol invasion to Samsat.

Kubad-Abad which is situated on the coast of Konya-Beysehir lake in the Central Ana-
tolia, is a huge city-palace consisting of dozens of buildings spread not only on the coast
of the lake but also on the islands and the Anamas mountainside. It had been constructed
between 1225-1230 by the order of I. Aldeddin Keykubat, the most powerful Sultan of
the Anatolian Seljuks period. In the Kubad Abad city-palace complex, reflecting eastern
palace models, buildings for production like smithing, pottery, glass and tile workshops
were localized as well as constructions for aristocracy (Arik 2002, 264). Till now, 59 ar-
rowheads with a large variety in shapes have been found during excavations. Though it is
a small number for such a great complex, the hunting garden (Paradaison), where more
iron objects related to hunting are expected, has not yet been excavated (Yavas 2012, 125).
Moreover, findings such as part-shaped arrowhead, knives, bloom fragments, smithing



Archeologické rozhledy LXX-2018 485

Fig. 1. Examples of the Anatolian Seljuks Iron Objects; flat bodied arrowhead KU.1 no 09 (left) and a small
knife KU.1 no 11 (right) from Kubad-Abad. The locations of the sites mentioned in text: 1 — Egirdir, 2 — Kubad
Abad, 3 — Samsat. Map by U. Guder.

Obr. 1. P¥iklady anatolskych Zeleznych pfedmétl z obdobi rimského sultanatu; plochy hrot Sipu KU.1 no
09 (vlevo) a maly ndZz KU.1 no 11 (vpravo) z Kubad-Abad. Lokality zminéné v textu: 1 — Egirdir, 2 — Kubad
Abad, 3 — Samsat.

slags etc., proves activity or iron smithing workshop covering needs of the palace (Giider —
Yavas — Yal¢in 2015).

Sultan II. Keyhiisrev Caravansarai which was constructed in 1237-1238, is the fourth
biggest caravansarai of the Anatolian Seljuks period. It is situated on Egirdir lake shore in
the Central Anatolia, which is on the caravan route of Konya-Antalya-Denizli. It fell into
ruin for unknown reasons in the second half of the century in which it was constructed
(Bozer 1994, 98). During the excavations, 62 arrowheads and 2 knives, some of which
bore traces of fire which destroyed the building, were recovered.

2. Material and technique
2.1. Samples

Fifteen of the selected objects for material analyses are iron-steel flat bodied arrow-
heads. Although surfaces of the arrowheads are heavily corroded, they can be classified
typologically, and their cores still have solid metal enabling metallography and micro-
hardness analysis. Almost all the arrowheads have tangs circular in cross-section, but their
blades differ in shape, thus differences can be seen inside the group. Besides arrowheads
with points in the form of a wide angle as seen at fig. I, there are also those ending with
sharp spatula-like points and willow leaf-shaped points. According to Mamluk (Latham —
Paterson 1970, 31), Arabian (Faris — Elmer 1945, 107-109) and Ottoman (Yiicel 1999,
300) treatises, the flat bodied arrowheads were used against unarmoured targets, either
during military campaigns (i.e. against horses to take the cavalry down) or for hunting
purposes. Contrary to arrowheads with square, round or star cross-sections, flat bodied
arrowheads are inefficient for piercing armour and shields.
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In total, five knives from three sites were analysed. The blade length of the knives is
between 6 and 8 cm. The knives have straight back and their cutting edge rises to meet the
back at the tip (fig. 7). No or little material remained at the tang part of four knives. Some
metallic core survived in all blades, except for the knife SA no 17, which is fully corroded.
Considering both the size and archaeological context of the knives', it can be assumed that
they were used for shaving or similar purposes (Giider — Yavas — Yal¢in 2015, 197).

2.2. Analytical techniques

Samples for metallography were taken from the selected objects with air cooled dia-
mond discs. The cutting process was realized with low rotational speeds and with intervals
to prevent the distortion of the microstructure by the heat generated during the process.
The samples were taken from both tangs and bodies of the arrowheads, and from tangs
(when available) and blades of the knives. The samples were mounted in epoxy resin,
ground using wet silicon carbide papers with grit sizes from 240 to 1200 and polished
using diamond pastes with 6, 3 and 1 micron particle sizes.

The samples were documented at various magnifications by a light microscope before
and after etching the samples with 1% Nital etchant. The fully corroded sample from knife
(SA no 17) was not etched. Micro-hardness was measured with Vickers hardness tester
using a 200 gram load. The micro-indenter was targeted at five different un-corroded and
slag inclusion free areas for each sample. Scanning electron microscope was used in the
case of the corroded sample (SA no 17) to search for remnants of original metallographic
structure possibly surviving in corrosion. High-contrast images created by the Back Scatter
Detector (BSD) of the SEM were preferred to detect remnant or ghost structures (Notis
2002, 261). Additionally, crucible steel structure elements which were difficult to identify
by light microscope, were inspected with SEM and chemical compositions of crucible steel
and slag inclusions in arrowheads were checked using EDX instrument attached to SEM.

3. Results and discussion
3.1. Analytical Results

As can be seen from table 1, metallographic examinations revealed multi-phased micro-
structures of the objects, except for three arrowheads. In one of the single phased samples
(SA no 25) equiaxial ferrite grains and in two others (EGI no 22 and EGI no 51) elongat-
ed ferrite grains are the only structures observed. Micro-hardness tests on SA no 25 gave
values corresponding to a soft iron structure, which are between 81 and 87 HV. On the
other hand, the hardness values of EGI no 22 are between 160—173 HV which is higher
than expected for ferritic structure. The elevated hardness is caused by the deformation of
ferrite grains due to cold working (Sherby — Wadsworth 2001, 348). The homogeneous
structures of samples provide little derivation between minimum and maximum hardness
throughout the sample.

! Two knives coming from Kubad-Abad were found where the palace was connected with the hamam
(a Turkish bath).
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Sample . Period | Object . Micro- e 3
No. Code Site (century)|  Type Steel Type structure? Classification | Hardness
1/SAno13 | Samsat |120-13% Knife |Hypereutectoid| . /0P | (Ilh Crucible | 5q, 4o

Cementite Steel
. .| Cementite | (llI)Crucible
th_13th
2| SAno17 Samsat [12*"-13 Knife  |Hypereutectoid Needles Steel N/A
3| SAno25| Samsat |12"-13™|Arrowhead Iron Equia.xial None 81-87
Ferrite

4 |EGino 02 Egirdir 13t | Arrowhead |Hypoeutectoid| Fer.-Pear. (I)F(F)?(;?r:gg/ 128-234
5 |EGino 22 Egirdir 13t | Arrowhead |Hypoeutectoid | Elong. Ferrite None 160-173

EGi no 51 Egirdir 13™ | Arrowhead Iron Elong. Ferrite None N/A
7 |EGino 54| Egirdir 13*" | Arrowhead |Hypoeutectoid| Fer.-Pear. |(ll) Piled Steel| 189-249
8 |[EGino 62| Egirdir 13% | Arrowhead |Hypoeutectoid| Fer.-Pear. (I)cml)c;?r:;g/ 145-189
9 |EGino 44| Egirdir 13t Knife  |Hypoeutectoid| Fer.-Pear. |(ll) Piled Steel N/A
10/ KU.1 no 04 |Kubad Abad| 13 Knife |Hypereutectoid| . 100 | (1D Crucible | 55, 34,

Cementite Steel

11| KU.1 no 06 |Kubad Abad| 13*" | Arrowhead |Hypoeutectoid| Fer.-Pear. |(ll) Piled Steel| 171-198
12|KU.1 no 07 | Kubad Abad| 13t Knife  |Hypoeutectoid |Fer.-Pear.-Mar. | (11) Piled Steel| 111-608
13| KU.1 no 08 |Kubad Abad| 13" | Arrowhead |Hypoeutectoid| Fer.-Pear. |[(ll) Piled Steel| 102-213
14|KU.1 no 09 | Kubad Abad| 13" | Arrowhead |Hypoeutectoid| Fer.-Pear. |(ll) Piled Steel | 125-184
15|/KU.1 no 10| Kubad Abad| 13" | Arrowhead |Hypoeutectoid| Fer.-Pear. |(ll) Piled Steel| 195-271
16| KU.1 no 11 |Kubad Abad| 13t Knife  |Hypoeutectoid |Fer.-Pear.-Mar. | (11) Piled Steel| 119-543
17|KU.2 no 01 | Kubad Abad| 13" | Arrowhead |Hypoeutectoid| Fer.-Pear. (I)FE(I)(;igr:gg/ 189-234
18|KU.2 no 02| Kubad Abad| 13" | Arrowhead |Hypoeutectoid| Fer.-Pear. | (II) Piled Steel N/A
19/KU.2 no 03 |Kubad Abad| 13" | Arrowhead |Hypoeutectoid| Fer.-Pear. (I)FE?(;?ASQ/ N/A
20|KU.2 no 04| Kubad Abad| 13" | Arrowhead |Hypoeutectoid| Fer.-Pear. |(ll) Piled Steel N/A
21|KU.2 no 08| Kubad Abad| 13" | Arrowhead |Hypoeutectoid| Fer.-Pear. (I)FZ?(;?ASQ/ 184-249

Tab. 1. List of analysed objects from three archaeological sites. 'Classification according to the carbon
content; iron is zero carbon material. Hypoeutectoid steel; carbon content is lower than 0.76 %. Hyper-
eutectoid composition has carbon higher than 0.76 %. *Abbreviations: Glob. Cem. Globular Cementite,
Elong. Elongated, Fer. Ferrite, Pear. Pearlite, Mar. Martensite. *Minimum and maximum Vickers (HV 0.2)
hardness values.

Tab. 1. Seznam analyzovanych predméti ze tfi archeologickych lokalit. 'Klasifikace podle obsahu uhliku;
Zelezo je material s nulovym obsahem uhliku. Hypoeutektoidni ocel; obsah uhliku je nizsi nez 0,76 %. Hyper-
eutektoidni sloZeni ma uhlik vy33i nez 0,76 %. *Zkratky: Glob. Cem. globulérni cementit, Elong. prodlouzeny,
Fer. ferit, Pear. perlit, Mar. martenzit. *Minimalni a maximélni hodnoty tvrdosti podle Vickerse (HV 0,2).

When the existing phases were pearlite and ferrite, alignment of two or more layers
parallel to the cross-section were observed. These layers in seven arrowheads and three
knife samples (classified as (I)Piled Steel in tab. 1) can be easily noticed since they run
across the whole cross section, and their borders, rich in slag inclusions, are well defined.
The slag-rich lines being well visible in unetched conditions were found to be borders be-
tween different structural layers revealed by etching. As seen at fig. 2, these borders were
also accompanied by welding lines in some examples.



488 GUDER — TasaN — Yavas: Multi-phase microstructures in Anatolian Seljuks ...

Fig. 2. Polished cross-section of an arrow-head (KU no 10) in unetched state (up) and after Nital etching
that revealed two welding lines (down).

Obr. 2. Lestény fez hrotem Sipu (KU ¢. 10) v neleptaném stavu (nahofe) a po naleptani nitalem, které
zobrazilo dvé svafovaci linie (dole).

Metallography of the knives EGI no 44, and KU.1 nos. 07 and 11, revealed a sandwich
construction consisting of medium- and low-carbon steel layers, with the medium-carbon
steel in the centre of the blade. The blade KU.1 no 07 has a welded-on back of soft iron.
The small amount of slag inclusions, except the smithing-slag inclusions, points out the use
of well refined materials. The microstructure shows also traces of quenching and temper-
ing. The distribution of martensite indicates that the whole of the blade was quenched and
hardness measurements indicate slight tempering to relieve some stress and decrease the
brittleness of the blade.

The concentration of slag inclusions differs from layer to layer, depending on how well
refined was the material used in the particular place. The chemical compositions of slag
inclusions from individual layers were measured by SEM-EDX equipment. It is expected
that the line in the FeO/SiO, ratio graph has a characteristic slope for each material/layer,
as it depends on the overall composition of the inclusions analysed (Buchwald — Wivel
1998, 77). Values of FeO and SiO, obtained by EDX analysis of the arrowhead KU no 08
were plotted in the FeO/SiO, graph that shows two lines with different slopes suggesting
use of two different materials for the production of the object (fig. 3 and 4). The linear
distribution of analytical ratios belonging to non-reducible impurities (i.e. Al,O,/ SiO,)
was observed as well.

Although layered multi-phase structures were observed also in other five arrowheads
(Nos 4, 8,17, 19, 21) the layers are somehow disordered, in some examples localized, and
it is difficult to distinguish their borders. In these samples, mostly welds suggesting folding
rather than deliberate construction are observed. To succeed in forge welding, the pieces
to be welded must be heated at correct working (welding) temperature which depends
on the carbon content, and their surfaces must be kept clean, mostly by means of fluxes
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Fig. 3. Etched cross-section of an arrow-head
(KU no 08) showing at least four layers.
Obr. 3. Naleptany prarez hrotu Sipu (KU ¢. 08)
s nejméné Ctyfmi viditelnymi vrstvami.

(Pleiner 2006, 59). Welding lines associated with simple folding are thicker and mostly
accompanied by corrosion products, since the working temperature was not high enough
and/or the necessary flux to clean the surface had not been applied (fig. 5).

The micro-constituents in three knives (SA no 13, 17 and KU.1 no 04) from Samsat and
Kubad Abad are different. In two of them (SA no 13 and KU.1 no 04) the carbon content
can be estimated at around 2 %. In the microstructure pro-eutectoid enormous cementite
particles form chains running parallel to the cross sections. In between, globular or semi-
globular pearlite as very fine background could only be detected by SEM observations.
For the fully corroded SA no 17, SEM images were used to detect the relics of metal, the
ghost structures of cementite grain boundary network and cementite needles. A similar
structure is observed in one of the Ulfberht swords and described as formed by smithing
a crucible steel billet (Williams 1977). As a characteristic feature of these objects, EDX
analysis on solid metal parts gave high manganese content values between 0.50 % and 2.5 %,
which fit the crucible steel batches in historical records which mention manganese as an
important ingredient since Zozimos of Panopolis 2" century AD (Gilmour 2009, 139).

Both low and high hardness values, varying from 102 to 608 HV0.2, were recorded in
multi-phased steel tools. The hardness of arrowheads showing ferritic and pearlitic layers
varies between 30 and 100 HVO0.2, depending on the character of the structure (grain size,
form and amount of cementite, etc). On the other hand, high hardness values (400-500 HV)
were measured in knives KU nos. 07 and 11, which were produced by iron, low carbon
and tempered martensite phases. In contrast, the knives made from crucible steel (SA no
13 and KU 1. no 04) have more uniform hardness (depending on the intender targeted for
globular cementite background or pro-eutectoid cementite islands) ranging between 254
and 401 HV.

3.2. Evaluation of results and classification of multi-layered steel objects

During the production of blooms consisting mostly of iron and low-carbon steel, parts
with a variable carbon content were inevitably formed due to the nature of the smelting
process. At the end of the primary smithing of the blooms, semi-finished products are
produced with an heterogeneous carbon content, as can be seen from the inspection of
medieval iron ingots (Giider et al. 2015). It is obvious that multi-phase layers occur when
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100 Fig. 4. FeO/SiO, chemical com-
position ratio graph created by
SEM-EDX measurements on slag
inclusions from two different
layers in KU no 08.

Obr. 4. Graf pomér( FeO ku SiO,
ziskanych SEM-EDX analyzou
vmeéstkd hutni strusky ve dvou
rdznych vrstvach hrotu KU ¢. 08.
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a blacksmith forms a thin sectioned object from starting material with heterogeneous cha-
racter by continuous forge and folding procedure. Additionally, recycling and repairs of
iron objects were common in medieval smithing since the value of the material itself was
not negligible. During the recycling process, forge welding was also applied to consolidate
small fragments of iron to bigger ones. This is another procedure which creates a material
containing different phases. Thus, in some cases it is difficult to distinguish between acci-
dentally or deliberately formed layers (Lang 1984, 62). Therefore, it is a good strategy to
judge the effect of material design to the functionality of the tool. Inspection of medieval
knives shows that blades with cutting edges of steel and backs of softer material, such as
iron, were the standard (Blakelock — McDonnell 2007, 55). In this case the skill of black-
smiths determines the engagement of different materials, since the welding of mild steel
and ferritic iron is difficult to apply (Light 2000, 335). Knives with welded-on steel cut-
ting edges cannot function well when the steel part is worn off. So, they have to be either
repaired or discarded. Therefore, a material which can combine all the most required me-
chanical properties, such as hardness, wear-resistance, strength and toughness would be
preferred in the whole body of the tool. Crucible steel was an expensive but a very suitab-
le material to solve the problem; this was a high-quality material in terms of mechanical
properties, valued also for the possibility to reveal an attractive wavy-patterned surface.
Two procedures are known how to make a crucible steel. In the first one which was descri-
bed by al-Tarsusi in the 12 century, wrought iron is heated by organic matter to increase
the carbon content. In the latter, cast iron is used to carburize the wrought iron, as noted by
al-Biruni (973-1048) (Williams 2007, 234). Evaluation of the analytical study over Seljuks
iron objects provide us with understanding the material and technical concerns of black-
smiths to produce the best functioning objects.

First to say; ferritic iron was not a common choice for production of thin sectioned
arrowheads, although it was the case for square sectioned ones when other hardening tech-
niques were applied (Giider 2017, 24). Excluding three arrowheads consisting mostly of
ferritic iron, the artefacts can be divided into three main groups according to the way in
which their multi-phase layered structure was formed. Objects in the first group are those
whose structure was formed due to the nature of starting material, continuous forging and
in some cases folding and forge-welding. The second group features forge welding of dif-
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2 ‘.!'rr'ﬁ 5 sy (e S SR TR Fig..6. Layers pf Iarge.cementite pa.rticles in sphe-
roidised pearlite matrix from a crucible steel blade
Fig. 5. Folding line and inhomogeneity of the struc- (KU no 04).

ture in an arrowhead (EGI no 62). Obr. 6. Vrstvy velkych cementitickych &astic v matrici
Obr. 5. Prekladova linie a nehomogennost struktury ~ sferoidizovaného perlitu v ¢epeli noZe z kelimkové
v hrotu Sipu (EGI €. 62). oceli (KU ¢. 04).

ferent starting materials and additional, thermo-mechanical applications such as quench-
ing, tempering. The last group features the smithing of hypereutectoid steels in which the
layered micro-structure is a result of forging and tempering cycles.

Five arrowheads, belonging to the first group, are thought to be forged from heterogen-
ous starting material since the different phases are not well layered. Here, simple welding
lines inside the structure were observed.

On the other hand, in the second group with seven arrowheads, the layers are clearly
bordered with slag stringers which were formed by using fluxes during the forge welding.
The stringers can also be seen clearly in the samples in unetched condition. Clear lines of
layers with different characters are not a sufficient evidence for deliberate forge welding
of materials with different carbon content, since bloomery steel structures can be easily
misinterpreted. Further investigations, such as observations of welding lines, different
concentration of slag inclusions and the chemistry of slags in different layers, are done on
the micro-structures for further clarification. Layer formations caused by the use of recy-
cled material are difficult to recognise, since similar analytical results could be reached.
However, using recycled material to forge a nail or a square/round sectioned arrowhead
which are consumables in military armoury or constructions, would not be a problem. But
if this thin sectioned arrowhead, which needs to have more tensile strength and impact
fracture than the rectangular or circular sectioned ones, will be used for Sultan’s hunting
(in Kubad-Abad), then it is expected that the blacksmith would not leave the success of the
tool to chance and would use his experience to produce good-quality arrowheads as well.

The best examples of layered steels were observed in small knife blades of this period.
Medium carbon and low carbon steel materials were observed as alternative layers, which
were forged in a way that the medium carbon layer stays in the middle and forms the cutting
edge. The small amount of slag inclusions shows the use of well refined blooms in the
production. Traces of quenching and tempering can be seen in the microstructure as well.
As seen from the distribution of martensite, the knives were fully quenched and hardness
measurements show slight tempering to relieve some stress and decrease the brittleness.
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The last group consists of special layered microstructures observed in the knives made
of crucible steel. In the set of Anatolian Seljuks’ iron finds, there are not only knives made
of crucible steel which is thought to be the most precious forging material of the period,
but also smithing evidences such as pieces of crucible steel ingot, high manganese bearing
smithing slags and a scrap piece of knife. Skilfully applied forging and cooling cycles on
the crucible steel ingots which have a homogeneous high carbon content, turns the micro-
structure including cementite needles to the layers created with broken cementite particles
in a spheroidised pearlite matrix (fig. 6). This structure is also the reason of the attractive
damask pattern on the surface of the knives (Verhoeven — Jones 1987). The chemical and
mechanical features of these layered steel objects, which were detected by micro-hardness
tests and SEM-EDX analysis, points out the distinctive character when compared to the
other products.

4. Conclusions

As a result, this general overview of the iron products from the Anatolian Seljuks’ period
demonstrate the traces of the variety of the metallurgical materials and skills of the region.
On the other hand, the migration of artisans from Central Asia caused the enrichment of the
metallurgical knowledge and it is concluded that the production of skilful blade designs
with piled steel, usage of piled steel in arrowheads and smithing of crucible steel show the
interest of medieval blacksmiths to produce artefacts with composite-like structures having
better mechanical properties.
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NOVE PUBLIKACE

Daniel Sosna — Lenka Brunclikova (eds.): Archaeologies of Waste: Encounters with the un-
wanted. Oxbow books, Oxford — Philadelphia 2017. 190 str. s 40 obr.

Napln sborniku tvorf piispévky prednesené roku 2013 v ramci plzeniského vyro¢niho setkani
EAA v sekci nazvané ,,Garbage and (Non)-Humans* a mezi prispévateli nalezneme ¢trndct badatelti
z osmi evropskych zem{ a z USA. Jedna se tedy o téma velmi zdvazné, protoZe konceptudlni, teore-
tické a metodické zachédzeni s tim ¢i jinym zpsobem vyrazenymi souc¢astmi lidské kultury 1ze pokla-
dat za jednu z moZnych definic archeologie. Recenzent proto tento svazek oteviral se zvédavosti,
zda pod obdlkou nesouci mnohoznaény podtitul nalezne konvolut viceméné mimobéznych textt,
nebo zda se editorim podafilo zvladnout nelehky dramaturgicky tikol a usporddat vysledny sbornik
tak, aby poskytoval ucelené sdéleni. Tento tikol byl jist€ o to narocnéjsi, Ze prispévky oteviraji téma-
ta spojend s neolitem, dobou bronzovou, stfedovékem, novovékem i archeologii moderni spole¢nosti.
Priesto je mozné fici, ze D. Sosna a L. Brunclikova dokazali texty uvést a strukturovat takovym zpti-
sobem, Ze je tfeba publikaci pfiznat nejen syntetické, ale i didaktické kvality.

Myslenkoveé obohacujici a velice ¢tivé pojeti samozi‘ejmé nemohlo vzniknout bez mnoha kom-
promisu. Tim nejzietelnéjsim je Gplna absence prispévki reflektujicich ,.klasickou* archeologickou
préci se sidliStnim odpadem (a jeji metodu), jeZ v ,.kazdodenni** archeologické praxi kvantitativné
nesporné prevazuje, a kterd — ve své procesualismem ovlivnéné podobé — dnes vyrazné formuje kon-
ceptudlni a teoreticky charakter zejména stfedoevropské archeologie. Editori sborniku se s timto
tématem vyrovnali jedinym odstavcem v tvodn{ stati, pfi¢emZ ¢eskou a moravskou stopu na tomto
poli (srov. Kuna 2015; Kuna et al. 2012; Machdcek 2001) vykazuji do bizarné definované badatelské
skupiny ,.archaeologists from other language communities* (s. 3). Pro D. Sosnu a L. Brunclikovou
ale predstavuje procesualistu sensu lato napt. i behaviorista M. B. Schiffer (srov. Schiffer 1987; 1995),
takZe z jejich pohledu (zejména diky piispévku P. Kvétiny a J. Ridkého, inspirovaného Schifferovou
klasifikaci archeologickych transformaci) nemusi byt ,.deficit procesualismu® v rdmci svazku tak
vyrazny.

Prvni kapitola knihy pochazi z pera editort (1-13) a podava velmi uziteny, byt nutné zhustény
nastin soucasného stavu evropské a severoamerické garbologie (tj. spole¢enskovédni supra-discipli-
ny studujici odpad). V zavéru potom podava pomérné rozsahly popis struktury a koncepce predkla-
dané publikace. Ta je ¢lenéna na tfi tematické celky, a sice Value of the Unwanted, Social Practice:
Consumption and Differentiation a Positioning Waste: Spatial Nature of Waste.

Prvni oddil publikace, ktery se zabyva hodnotou nechténého, uvozuje teoreticky prispévek, jehoz
autorem je predni americky garbolog Joshua Reno (18-22). Cilem jeho eseje je poukazat na razné
vyznamy slov odpad a hodnota, tedy nejen na vyznam stanoveny lidmi, zpravidla na zdkladé velmi
prozaickych méfitek, tak i na vyznam obecnéjsi, ontologicky. Nasledujici, materidlové orientovany text
némecké archeolozky Laury Dietrich (23—40) tematizuje hodnotu odpadu na ose profanni — ritualni,
a to na piikladu transylvanského sidlisté stfedni aZ mladsi doby bronzové v Rotbavu. Prvni skupinu
pak uzavira text Rooseho van Oosten (41-56), ktery na zdklad¢ pisemnych zprav i archeologickych
dokladd rozebira rizné piistupy k ¢isténi Zump v nizozemskych méstech 17.—19. stoleti. Zatimco
nékteré komunity pokladaly jejich obsah za bezcenny, jiné jej vyuZivaly k zirodnéni svych poli.

RovnéZ druhy tematicky okruh, ktery otdzku hodnot odpadu preklapi k otdzce procest jeho vzni-
ku a nakladani s nim, rovnéZ uvozuje teoreticka stat, jejimz autorem je Svédsky kulturolog Anders
Hogberg (59-64). Viima si zptisobi zachazeni s odpadem a jeho vnimanim napii¢ chronologickymi
obdobimi (od neolitu po soucasnost) i kategoriemi odpadu (sidli§tnim poc¢inaje a nukledrnim konce).
Navazujici kapitola je dilem Eda Lyne a Camilly Haarby Hansen (65-82), ktet{ méli moZnost analy-
zovat mohutné odpadni souvrstvi v piikopu novoveékého opevnéni Kodané. V méstském prostredi
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zustava téz studie Arva Haaka (83-99), ktery se vraci zpét do stfedovékého obdobi, konkrétné do
estonského Tartu. Diky specifickym podminkam, které umoziuji zachovani organickych materiald,
bylo mozné rekonstruovat zplisob vybéru vyrazovanych artefaktl a ekofaktl z riznych socialnich
prostredi sttedovékého mésta.

Do ¢eského prostredi nds poprvé na strankach sborniku privadi Lenka Brunclikova (100-120),
ktera shrnuje vysledky garbologicko-etnografického vyzkumu provadéného ve tfech specifickych
socidlnich prostiedich Plzeriského kraje. V téch svych partiich, kde se ptispévek drzi vymezeného
tématu, prinasi nékdy ocekdvatelné, ale Casto prekvapivé poznatky o soucasné ¢eské spolecnosti,
které by jinymi pozndvacimi postupy (napt. etnografickou dokumentaci) zfejmé nebylo mozné pod-
chytit. Proto zaraZi, Ze se autorka rozhodla zaradit na ivod a zavér svého textu — s vlastnim vyzku-
mem zcela nesouvisejici — Givahu, kterd velmi schematicky a bez jakékoliv materidlové opory pred-
poklada nastup fenoménu moderniho konzumu v ceském prostiedi aZ v souvislosti se spolecenskymi
zménami po roce 1989. Do té doby podle autorky nemél stat v rdmci centralné planovaného hospodar-
stvi, na rozdil od zdpadnich zemi, vyuZivat privatni spotiebu k prosazovini své politiky. L. Bruncli-
kové tak evidentné unikla ta ¢4st diskurzu historiografie soudobych ¢eskych déjin, kterd pravidelné
upozortiuje na posilovani konzumu zejm. v dob€ normalizace jako nepojmenované kompenzace za
restrikce v roviné politickych a obCanskych prav (srov. napt. Franc 2005; 2011; Schindler-Wisten
2007). Doklady, Ze pohled L. Brunclikové je prili§ zplostély, 1ze ostatné vést i na roving artefaktualni.
Cim jinym neZ alespoii hrou na konzum byly $kodovéické malosériové modely 60. a 70. let Skoda
1000 MBX nebo legendarni Skoda 110 R? Ikonické ,,Erko* dokonce sehrélo propagandistickou
roli v jedné z epizod ,.konzumniho seridlu Zena za pultem. Nadoborovost garbologie by skuteéné
neméla byt nastrojem k legitimizaci nekontrolovanych extempore na poli jinych disciplin.

I na dvod posledni ¢asti sborniku byl zarazen teoreticky ladény text, tentokrat z dilny Sabine
Wolfram (123-126), ktery plni funkci vstupniho zamysleni nad nésledujici trojici materidlovych
piispévkd. Hned prvni z nich, jehoZ autory jsou Petr Kvétina a Jaroslav Ridky (127-144), se vraci
k ¢eské problematice, konkrétné k vypovédnim moZnostem sidlistniho odpadu o prostorovému cho-
véni neolitickych populaci v Bylanech na Kutnohorsku. Jedenécta kapitola (145-161) prenese ¢tend-
te do Irska, konkrétn€ na ohrazené sidlisté¢ Stamullin z pozdni doby bronzové. Cliodhna Ni Liondin
rozlisuje hned nékolik symbolickych rovin hodnoceni a na néj navazujiciho vyfazovani artefaktt
aupozoriuje na skutecnost, Ze archeologické nalezy prochazeji v principu obdobnym procesem zno-
vu po svém vyzvednuti, tj. v rukdch archeologt, jejichZ ptistup k jednotlivym kategoriim a typtim
nélezli rovnéZ nepostrada znacné mnozstvi selektivnosti. VSechny tyto procesy evaluace a selekce
(minulé i recentn{) pak pfirozené vyrazné ovliviiuji vysledky archeologického poznéni.

Posledni kapitola je dilem Daniela Sosny (162—178). Jeji jadro predstavuji vysledky nékolika-
leté garbologické studie, kterou autor realizoval na sklddce komunélniho odpadu, kam je vyvazen
odpad z plzetiské aglomerace. Na rozdil od L. Brunclikové, jeZ se zaméfila na vybér materialu, ktery
se dostava do sbérnych nadob, D. Sosna si vybral jako prfedmét svého vyzkumu samotnou skladku.
JelikoZ se na prvni pohled zd4, Ze se jednd o zcela staticky fenomén (opak se vSak nakonec ukaze
pravdou a D. Sosna identifikuje hned troji plynuti ¢asu na sklddce: s. 168-169), je tlozisté komu-
néalniho odpadu uchopeno prostrednictvim svého prostorového kontextu, ov§em nikoliv ve smyslu
geografickém, nybrz vyznamovém. D. Sosna netematizuje moderni sklddku jako svérazny nadkomu-
nitn{ aredl, nybrz prostfednictvim konceptu heterotopie M. Foucaulta (1998, zvl. 181) jako misto,
jez je mimo veskera jind mista, které ,,md tedy schopnost kldst vedle sebe na jednom redlném misté
prostorové vazby, které jsou samy o sobé nekompatibilni.* Jako gordicky uzel je tak pretata vazba
mezi pfedméty, které se spolecné ocitly v jediném kontextu, takZe jejich role jiZ neni dokumentovat
proces, jimz se pospolu v odpadovém aredlu ocitly (coz v piipad€ soudobé skladky beztak nezaklada
smysluplnou badatelskou otdzku), nybrz symbolicky reprezentovat své pavodni vyznamové vazby,
které naopak mohou odhalovat ty aspekty Zivota soudobé spolecnosti, které jinak zistdvaji mimo
pozornost a poznavaci moznosti spolecenskych véd. Prispévek tak velmi kultivovanym zpisobem
otevird pro archeologické studium modern{ a soudobé spole¢nosti celou fadu otdzek, napt. problém
priméteného konceptu strukturovan{ industridlni krajiny obecné.
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O zéavérecné shrnuti editofi poZadali Claudii Theune-Vogt (179-183) a jeji shrnujici text koru-
nuje miru seriéznosti, s nimZ editofi ke svému pocinu pfistupovali. Bez ohledu na jisté redakcni
nedodélky (napt. vadné psani velkych pismen v ¢eskych titulech citovanych praci ¢i kolisani zkratky
LBK a LPC) nelze nez pokladat cely publika¢ni zimér za vybornou vizitku editord i ndzornou de-
monstraci pozoruhodnych vysledkd, jichZ mohou tuzemské badatelské instituce pusobici v oblasti
spolecenskych véd dosahovat na mezindrodnim védeckém féru.

Jan Hasil
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Ivan Lehky — Milan Sykora (eds.): Kalich a Panna. Hrady Jana Zizky. Ustav archeologické
pamitkové péce severozapadnich Cech, Most 2016. 313 str.

Monografie o Kalichu a Panné jak celkovou koncepci, tak grafickou ipravou presné korespondu-
je s o rok star$i publikaci o Oltariku, dal$im severoceském hradu s kali§nickou minulosti, konkrétné
spjatou s hejtmanem Jakoubkem z Viesovic (Lehky — Sykora eds. 2015). Trojice sidel v Ceském
stfedohoff se uz symbolikou svych ndzvl fadi mezi ukdzkové piiklady hradnich novostaveb husitské
doby. Po strance architektonické se od sebe v mnohém lisi, také ale vykazuji fadu spolecnych znakd.
Signifikantni je jejich shodna poloha na vrcholcich vyraznych homolovitych kopcd, téZko ohrozitel-
nd palbou z velkych dél, kterd doznala prudkého zdokonalen{ pravé v 1. poloviné 15. stoleti.

Kalich a Panna jsou v jednom ohledu dosti vyjimecné, a sice neobvykle kratkou vzdjemnou
vzdalenosti, jeZ vzdusnou ¢arou obndsi necelé 2 km. Pri¢inné souvislosti této skute¢nosti detailné
rozkryva Milan Sykora v dvodnich kapitoldch recenzované knihy, pojatych hlavné jako uceleny
prehled vyvoje drzby obou hradu. Jejich déjiny autor barvit€ zasazuje do Sirokého kontextu politic-
kych a vile¢nych udélosti severnich Cech, se zvlastnim zietelem k LitoméFicku a Ustecku. Vychézi
z bohaté literatury i vlastni kritické analyzy pisemnych pramend, které nepiijemné asto dovoluji
rizné interpretace.

Hlavni postavou Sykorova vykladu paradoxné neni Jan Zizka, nybrZ jeho nepfitel, katolik Zik-
mund DéCinsky z Vartenberka, coZ pfirozené vyplyva z Zivotnich osudt protivnikt. Zatimco husit-
sky hejtman umiel r. 1424, Vartenberk patiil k hlavnim aktérim dénf v severozapadnich Cechéch
po celou dobu husitskych valek, které tu viceméné bez preruseni trvaly do samého konce 30. let.
Cisarovu straniku je v zadvéru knihy vénovan biograficky exkurz sepsany Markem RubeSem.

Zkoumané hrady, které se nachazely v zasobovacim okruhu Litoméfic, vznikly v podstaté sou-
Zasné. Zizkou zaloZeny Kalich vyrostl v pribéhu 1éta 1421. UZ v této fazi byl dobie hajitelny, nebot
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v z4ff stejného roku odolal obléhéni, které bylo soucasti druhé kiiZové vypravy. V této kampani se
na Litoméficku proti husitim silné angaZoval zminény Vartenberk, jenZ patrné na podzim 1421
vybudoval hrad Pannu jakoZto opérny bod specidlné namiteny proti Kalichu. Ze vzajemného méten{
sil v§ak pomérné rychle vysli vitézné husité, ktefi Pannu dobyli r. 1423. Nezborili ji, nybrz obsadili
a patrné vyrazné stavebné upravili, resp. posilili jeji fortifikaéni systém. K tomu Milan Sykora po-
dotyka, Ze pro husity muselo byt vydrZzovani dvojice hradnich posadek v t€sném sousedstvi po fadu
let velmi naro¢né. Za trvalym obsazenim Panny proto shledava silny diivod. Konkrétné se domniva,
Ze kali$ni¢ti vojevidci nechtéli pfipustit, aby se kopce znovu zmocnili Lucemburkovi piivrzenci.
Posadky Kalichu a Panny kapitulovaly aZ v r. 1437, kdy cisaf inicioval po celém kralovstvi kampané
proti poslednim predstavitelim radikdlniho husitského kiidla. Panna byla po dobyti zbofena, Kalich
naopak pretrval do konce 15. stol., do kdy fungoval jako centrum nepfili§ rozsahlého panstvi.

Po podrobném vyli¢eni d&jin obou hradi ndsleduje nejobsdhlejsi oddil knihy, a sice zevrubny
popis a interpretace terénnich utvarQ a zbytkd zdiv. Autorem prislusnych kapitol je znovu Milan
Sykora, tentokrat ve spolupréci s Ivanem Lehkym. Oba jsou zdroveni hlavnimi tvirci planové doku-
mentace, jejiz detailnost a prehlednost vzbuzuje velky respekt. Presnd zobrazeni stavebnich po-
zustatkl a celkového terénniho reliéfu vznikla kombinaci klasického geodetického méfeni s letec-
kou fotogrammetrii. Nutno dodat, Ze autofi jsou prikopniky této efektivni dokumentaéni metody.
Za ocenéni stoji i pocetné fotografie, které spolu s plany rychle a velice dobre evokuji celkovou
terénni situaci.

Z hlediska problematiky fortifika¢ni architektury husitské doby predstavuje Panna mnohem
dem ke stavu dochovani stavebnich reliktti a absenci pevnych opor absolutniho datovéni — sloZitou
diskusi, ¢asto ov§em bez vyhlidky jednoznaénych zavéra. TotézZ se vSak tyka i pozistatkti Panny, na
povrchu terénu nesrovnatelné hiife ,,Citelnych* oproti Kalichu, coZ je ale vlastné skute¢nost svym
zptisobem vymluvna. Obecné totiZ plati, Ze v ramci fortifikacniho stavitelstvi husitské doby se ve
vysoké mife uplatiiovaly konstrukce kombinujici dfevéné prvky, ndspy a na sucho kladené zdivo
(resp. plenty naspt). Takové spiSe terénni dpravy pomérné snadno podléhaly samovolné destrukci.
Jak autori pripominaji, neslo o konstrukce provizorni, nybrz cilené budované jakoZto vhodné platfor-
my pro lafetované zbrané i strelce z ru¢nich zbrani, pripadné jakoZto télesa, ktera délostrelbé ucinné
odolavala. Jednim dechem pak dodévaji, Ze vyznamnou roli hraly i jiné faktory, zv14sté Gspornost
a konstruk¢ni jednoduchost fortifikaci budovanych bez malty.

Vysledky povrchového prizkumu ziiceniny Kalichu jsou od r. 2015 prohlubovany archeologic-
kym odkryvem realizovanym v zdvislosti na postupu konzervacnich dprav reliktd zdiva. Vysledky
dvou prvnich vykopovych sezén v knize zevrubné prezentuji Milan Sykora s Martinem Volfem.
Plo$né omezenymi sondami se podafilo upfesnit predstavu o podobé€ a vyvoji hradntho jadra a formé
jeho obvodové fortifikace. Po svazich kopce se vinulo nékolik linif terasovych a valovych ndspt zpev-
nénych kamennymi, na sucho kladenymi plentami. Ivan Lehky s Milanem Sykorou pfedpoklddaji,
Ze to byly platformy srubovych konstrukci, snad komorovych a s kamennymi vyplnémi. Alternativ-
né uvazuji o existenci zdvojenych palisddovych stén s meziprostorem vyplnénym rovnéz kameny.
K uvedenym interpretacim je pfivedlo studium dobovych obrazovych prament, vétSinou zahraniéni
provenience.

Dosti intuitivné formulované zavéry ohledné konstrukéniho razu zmizelych néastaveb obvodo-
vych fortifikaci Kalichu a Panny zasluhuji zvlaStni ocenéni. Vzapéti totiZ byly v podstaté verifiko-
véany diky publikaci archeologického odkryvu vnéjsiho opevnéni moravského hradu Skdly, ktery
v pribéhu husitskych vilek slouzil jako utocisté lapkovskych druZin a v polipanské dobé i taboritl
(Belcredi 2017). Nejspis prave ve 30. letech se jeho opevnéni rozrostlo o fadu bast a dalsich obran-
nych prvki, jeZ v principu vykazuji stejné konstrukéni fesent, o jakém uvazuji I. Lehky s M. Sykorou.
Vnéjsi opevnéni hradu Skily l1ze mimotadné ucelené rekonstruovat podle rozsdhlych zbytki dievé-
nych prvkil zakonzervovanych pozarem, ktery vypukl v souvislosti s dobytim v r. 1440.

Na fortifika¢nim systému Kalichu je nejpozoruhodnéj$i mohutnd zemni basta, vysunutd pred
hradni jadro, aby flankovala piistupovou komunikaci. Otdzkou ovSem je, ke které stavebni fazi tento
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vyvojove vyspély objekt, k némuz schdzeji pfimé analogie, nileZi. Autofti jej hypoteticky kladou do
40.-60. let 15. stol. a ryze spekulativné rekonstruuji jeho roubenou vicepodlaZzni nistavbu, kterd
méla zabirat celé temeno (dochovaného) kénického ndspu s kamennym plastém.

Nekteré zavéry Ivana Lehkého a Milana Sykory ohledné stavebniho vyvoje jadra Kalichu se mi
jevi jako pfilis hypotetické, resp. nedolozitelné. Takto na mé pasobi jejich predstava, Ze hrad uz ve
20. letech plnil tlohu plnohodnotné rezidence, resp. rodového sidla Jana Zizky. I po prvnich sez6-
nach exkavace totiz schazeji opory blizsi absolutni datace zbytkd zastavby. Jest€ mensi divéru mam
k prezentované rekonstrukci podoby Panny, jeZ vychazi pouze z povrchového prizkumu. Nendpad-
né terasy a destrukce nékolika zidek ve svazich pod hradnim jadrem se v o¢ich autorti stavaji pozd-
statky damysIného a padorysné pomérné komplikovaného fortifika¢niho systému s fadou zdhyba
a bast — prvka aktivni obrany. Mimochodem, pfedchozi badani registrovalo pouze relikty zastavby
na samém vrcholu kopce, o pozistatcich vn&jsiho opevnéni nemélo potuchy. Proto je nutné vysoce
ocenit vysledky nejnovéjsiho prizkumu, zarover je ale tfeba mit na paméti, Ze uz do kresebné doku-
mentace terénnich utvar se mohla ve vyznamné mife promitnout kyZena predstava o vzhledu hu-
sitské pevnosti. Mam zkratka dojem, Ze obrysy umélych teras a dalSich objektu, situovanych v silné
erodovanych svazich, autofi z¢asti nakreslili odhadem.

JestliZze uz samotna dokumentace terénnich a stavebnich reliktd Panny vyvolava otazky, pfi
diskusi nad predloZenymi rekonstrukcemi zmizelé podoby obou hradi se jen t&€Zko hledaji n&jakd
objektivni hodnotici kritéria. Ivan Lehky s Milanem Sykorou vytvofili pomoci pocitade odvadzné
hyperrealistické vizualizace, jejichZ vytvarny styl a mira detailnosti vzbudi protichiidné, na indivi-
dudlnim vkusu zdvislé reakce. Obrazky z ryze odborného hlediska — jak se domnivam — postradaji
vyznam, evidentné cili na laiky. Proto vyvstava otdzka, do jaké miry ma archeologie (kastellologie)
reagovat na aktudlni trendy popularni kultury, a nyni tedy hledat inspira¢ni zdroje ve vizudlnim stylu
pocitacovych her, které vytvareji iluzi sttedovéku. Mému vkus odpovidaji mnohem vice rukodélné
vytvarné techniky (hlavné akvarel a kvas), které dodnes predstavuji naprosto dominantni smér tvor-
by rekonstrukei pro zdpadoevropskou kastellologickou literaturu, v ¢ele s britskou, jejiz velka ¢ast
je ur¢ena prave pro Sirokou verejnost. Na vizualizacich ddvného vzhledu Kalichu a Panny mi pfijde
zavadéjici hlavné jejich detailnost, byt pravé diky tomu budou pastvou pro oci asi mnoha laikd.
Seriéznéjsi by také bylo, kdyby autofi predlozili nékolik rekonstrukénich ndvrhi, a nikoli pouze
jeden, ktery efektné natdceji z riznych dhld.

Podstatnou soucésti knihy je vyhodnoceni ndlezl militari{ z bezprostfedniho okoli hradt. Ziska-
ny byly dvéma zpisoby. Jednak pri fadném detektorovém prizkumu, ktery 1ze ale oznacit za pabér-
kovani. Obé lokality totiZ vyrabovali tzv. detektorari, ktefi sice nemalou ¢ast svych nalezl s odstu-
pem let poskytli archeologiim, u mnoha vSak nebyli schopni upresnit lokalizaci. V souboru militarii
standardné prevazuji hroty kuSovych Sipt spolu s vile¢kovymi a kulovymi projektily malych razi.

Na zakladé€ lokalizovanych nélezi stiel se Milan Sykora pokusil postihnout prib&h dobyvéni
obou hradt, resp. odkud a kam stifleli obranci a ttocnici. V pripadé Panny vysel z polohy pouhych
deseti Sipek a Sesti projektill, coZ povazuji za pfili§ maly vzorek pro — byt jen hypotetické — zavéry
o postupu dobyvani a branéni hradu. Faktem je, Ze tyto ndlezy se koncentruji na jednom misté, a sice
na prirozené terase ve svahu kopce tésné pod hradem. Milan Sykora z toho vyvozuje hypotézu, Ze
terasu vyuZili dto¢nici k vybudovani tabora. Ja tuto moznost povazuji naopak za prakticky vylou-
denou, a to hlavné€ kvili terénn{ konfiguraci. Dand plo§ina, od jadra hradu vzdélena zhruba 120 m
a navic oproti jeho jadru poloZend podstatné niZe (aZ o 70 m), byla doslova vystavena strelbé z hra-
du. CozZ ostatné vyplyva z rozptylu str'el. Jejich koncentraci tedy pokldddm pouze za ukazatel smé-
ru, kudy vedli obléhatelé zte¢ — logicky trasou pristupové cesty, a tedy nejschtidnéjsim zptisobem.
Dluzno dodat, Ze Milan Sykora tuto interpretaci také pripousti. Co mi na jeho vyhodnoceni rozptylu
stieliva pfipada vyloZené zdvadné, je ¢arové zobrazovani sméru a délky letu kuSovych Sipu u vSech
lokalizovanych hrotl. Nékteré z nich mohly aZ dodnes zidstat ve stejné poloze jako v momenté
dopadu. Ve vétsing piipadi to ale — myslim — nejsme schopni zjistit, a to kvtli pfirodnim procesim.
Na hradnich svazich mohly byt nevelké hroty v disledku eroze nejen vyrazné€ posunuty, ale také
jinak natoceny, coz mohly béhem stalet{ stejné snadno vykonat i kofeny stromu.
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PrestoZe monografie o Kalichu a Panné obsahuje nékolik dil¢ich zavérd, které bude zapotiebi
provéfit dalsim terénnim vyzkumem a diskusi, jednd se o mimoiadné hodnotnou préci, jeZ skokovym
zptisobem posouva pozndni fortifikaéni architektury a obecné vojenstvi husitské doby. Ze vseho
nejvice je tfeba vyzdvihnout velky soubor instruktivnich pland a dal$i dokumentace (napf. detailni
zakresy torz zd{ Kalichu), reprodukované ve velkorysém méfitku. Diky publikacim této kvality a kon-
cepce se Ceskd kastellologie mtize sméle srovndvat se $pickovymi vysledky evropského badani.

Jan Kypta
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Der Erdstall. Beitriige zur Erforschung kiinst-
licher Hohlen 44, 2018. Vyd. Arbeitskreis fiir
Erdstallforschung e. V. ISSN 0343-6500. 127 str.

Casopis s dnes jiz dlouhou tradici sdruzujici
zajemce o lidmi vyhloubené podzemni prostory
(Erdstille, lochy) predevs§im z Némecka a Rakou-
ska, spolupracuje s podobné zamérenymi spolky
z Francie a Belgie. Je otevien spoluprici s dalSimi
zajemci také z vychodni Evropy. Kazdé ¢islo obsa-
huje dokumentaci téchto podzemnich prostor i pii-
spévkli zamétenych historicky. Diky spolupraci
s odborniky je v Casopise zvefejnéna celd rada
¢lankd s archeologickou tématikou. Toto &islo je
uvedeno vzpominkami na vyraznou badatelku
v oboru podzemnich chodeb Edith Bednarik, ktera
zemrela ve véku 82 let.

Z obsahu: René Kaiser — Gunnar Lenhard —
Martin Strassburger: Sicherung eines Erdstalls
unter Beriicksichtigung denkmalpflegerischer Be-
lage (9-21). Zprava o zabezpeceni podzemni chod-
by, datované do doby od poloviny 11. do 13. stol.,
objevené v hloubce 3,4 m v Ayng u Mnichova.
Jednalo se o chodbu s ptivodnim vstupem v kostele
sv. Ondfeje (Andreas) konéici po 50 m trojité roz-
vétvenou komorou. Néklady na zabezpeceni dosih-
ly 235 tis. Euro. Otto Cichocki: Inquisitionstexte —
Hinweise auf eine mogliche Funktion der Erdstille?
(46-67). Clanek uvedeny podrobnym tvodem do
problematiky interpretace podzemnich chodeb,
véetné definice, ohraniCeni i typu, nastifiuje dals{
mozZnosti. Velmi pfinosné je prevzeti typologie
podzemnich chodeb podle H. Wimmera (2000),
pfi interpretaci ti¢elu ovSem bude nutné postupovat
rizné u jednotlivych typt. Autor déle kriticky hod-
noti Sest moznosti vykladu rozdélenych do tcelu
obydli ¢&i preziti (obydli, ukryt) a kultu (potieba
prilezu, prazdné hroby, mista pro duse zemielych,

mista meditace). Ponékud stranou zGstal hospodar-
sky tucel téchto prostor, které mohly slouZit jako
sklepy, pripadné ledarny (Unger 2014). Autor na-
stinil moZnost souvislosti nékterych podzemnich
prostor s praktikami kultu valdenské sekty, pomér-
né silné rozsitené ve 12. a 13. stol. v Podunaji. Svij
nézor doklada citaci inkvizi¢nich zprav, v nichZ jsou
ojediné€lé zminky o provozovani kultu v podzem-
nich prostorach (speluncam suam sub cellarium),
kde se odehravaly i sexudlni praktiky (Viri et mu-
lieres ... in noctis medio in locum quendam subter-
raneum convererunt ... Extinctis luminibus quilibet
proximam cognoscebat). Mapa rozsiten{ valdenské
sekty je srovndna s mapou podzemnich chodeb
(Erdstille) v jiznim Némecku, Rakousku a na Mo-
ravé. Heike Gems-Miiller: Die Eignung von Erd-
stillen zur Vorratshaltung am Beispiel von Eicheln
als Lagergut (68—89). Zaludy, patiici k dileZitym
plodiim sbiranym a shromazd'ovanym ve venkov-
ském prostredi, mohly byt uklddany také v podzem-
nich prostorach. Tuto hypotézu verifikovali Heike
Gems-Miiller — Martin Miiller: Ein Experiment zur
Langzeitlagerung von Eicheln unter erdstalltypische
Unweltbedingungen (90-94). Otto Cichocki Zur
Datierung von Erdstillen — Teil 2 (95-98) stru¢né
popisuje metody dendrochronologie, typologie,
termoluminiscence a TNC-Methode (Terrestrial
Cosmogenic Nuclidemeasurement). Metoda TNC,
kterou byly nékteré podzemni prostory datovany do
pravéku, je z hlediska archeologie problematicka.
Birgit Symader: Erdstallabsicherung in Neukir-
chen-Balbini, Lkr. Schwandorf (99—-104). Zajisté-
ni podzemni chodby v souvislosti s budovanim
Centra pro vyzkum podzemnich prostor (Erdstall-
forschungszentrum), které aspésné pokracuje. Pe-
ter Forster: Das seltsame Loch von Unterlappach,
Gde. Maisach, Lkr. FFB (105-109). Kromé zpravy
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o nalezu studny pro napdjeni dobytka, datované
dendrochronologicky do roku 1817, ¢lanek obsa-
huje zpravu o star$im ndlezu ,,lochu* za oltarem
filidlniho kostela sv. Silvestra, u n&jZ se miZe jed-
nat o sakrarium nebo o pocatek chodby.

Josef Unger
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Jadrem knihy je komplexni katalog jedné
z kvantitativné i morfologicky nejbohatsich sbirek
novokiténské a habanské fajanse, coZ plati i v pres-
hrani¢nim méfitku. Soupis ¢itd 263 poloZek, pfi-
¢emz ze dvou tietin je tvofen vyrobky z tzv. haban-
ské vyvojové faze, tj. z konce 17. stoleti a z po-
zdéjsiho obdobi. Ve sbirce tedy dominuje fajans
zapadoslovenské provenience, naopak rana etapa,
kam spada produkce jihomoravskych dilen, je za-
stoupena pouze Sesti vyrobky, ovSem vcetné néko-
lika unikétnich kusd. Autorka se pridrZuje termi-
nologického pojeti, které rozliSuje fajans novo-
kiténskou od habanské podle vérou¢ného hlediska.
Jako meznik je bran rok 1690, kdy novokiténci ve
vétsi mite konvertovali ke katolictvi. Druhy zdsad-
ni periodiza¢ni meznik spada do 20. let 16. stoleti,
kdy doslo k vynucenému hromadnému odchodu
novokiténct z jizni Moravy na zdpadni Slovensko
a do dalsich oblasti (predevsim v dnesnim Rumun-
sku). Uplny pocitek vyroby fajanse na Moravé spa-
da do prelomu 80. a 90. let 16. stoleti. Periodizace
novokiténské a habanské fajanse je usnadnéna re-
lativn€ Castym vrocenim vyrobk; nejstarsi presné
datovany vyrobek z prezentované sbirky pochazi
z roku 1617.

Uvodni kapitoly struéné shrnujf dosavadni po-
znani novokiténskych déjin, pochopitelné se zvlast-
nim zfetelem k proslulé produkci fajanse. Nové po-
znatky obohacujici specializované badani obsahuje
hlavné néstin vyvoje vyzkumu novokiténct v in-
stituci nazyvané dnes Moravské zemské muzeum.
Tato kapitola je velice dilezitym piispévkem k dé-

Nové publikace

jindm moravské archeologie a etnografie. Na pidé
muzea se terénni vyzkum novokiténcti rozvinul
hlavné v letech druhé svétové vilky. Divod, pro¢
se vyzkum novokiténci stal tehdy prioritou, je
ocividny (pfesto je autorka v daném hodnoceni
nepochopitelné zdrZenlivd): jednalo se o némecky
hovorici minoritu, nadto proslavenou technickymi
dovednostmi. Za pozornost stoji, jak izce na vyzku-
mu kooperoval némecky reditel muzea, archeolog
pivodem z Vratislavi, se svymi ¢eskymi podfize-
nymi v etnografickém oddéleni. Autorka v archiv-
nich fondech muzea dohledala ttrzky informaci
o prekvapivé velkém rozsahu vykopavek provadé-
nych za protektoratu v desitkach lokalit s novo-
krténskou minulosti. Muzejn{ badatelé se paralelné
vénovali etnografickému sbéru, ov§em i zkoumani
fyziognomie obyvatel ve sledovanych obcich.

Materidly shromazdéné za valky se vSak z na-
prosté vétsiny ztratily, kvanta stfept z vykopavek
zmizela zcela. TotéZ plati o jest€ vétsSim mnozstvi
stfeptl vykopanych v mistech zaniklych i dochova-
nych novokiténskych dvort na jizni Moravé a za-
padnim Slovensku, které muzeu — zda se, Ze vynu-
cené — za valky prodal Hefman Lansfeld, profesi
keramik a zdjmem svérazny archeolog a etnograf.
Autorka zmifiuje ,,objev* vétsiho souboru fotografif
z terénnich vyzkumu ze 40. let, ktery se v muzeu
podaftilo ucinit pred par lety. Jeho soucasti jsou
i zabéry na archeologické situace a dokumentace
atraktivnich nalezi. Je $koda, Ze autorka do knihy
nezaradila vétsi procet snimk z této kolekce, ktera
by jisté zasluhovala publikaci v dplnosti ¢i formou
reprezentativniho vybéru.

Po roce 1945 muzeum na terénni vyzkum novo-
kiténct rezignovalo. Dochovani kolekce tedy ¢&itd
vétSinou celé vyrobky, muzeu prodané ¢i darova-
né sbérateli; nejstarsi akvizice pochdzeji hluboko
z 19. stoleti, nejmlads{ pfirGstky jsou Cerstvé par
let. Krom toho v letech 2015-2017 sbirky muzea
zasadnim zpusobem obohatila objemna kolekce
materidlu z archeologickych vyzkum Jiftho Paje-
ra, provadénych od roku 1983 v asi 15 jihomorav-
skych lokalitach, v nichZ existovaly novokiténské
dvory. Tyto soubory jsou z nemalé ¢asti jiz publi-
kovany, ov§em nékteré klicové Pajerovy vyzkumy
zatim ¢ekaji na souborné zhodnoceni (napr. ve Stra-
choting). Doufejme, Ze pod hlavickou Moravského
zemského muzea se brzy dockame dalSich zasad-
nich publikaci o novokiténské keramice.

Ostatné stale schazi syntetické pojednant, které
by tento fenomén uchopilo v Sir§im kulturnéhisto-
rickém (a mezinarodnim) kontextu a celkové jinou
optikou nez veskeré dosavadni badani, dodnes sil-
né svazané sbératelskou tradici. Terénni vyzkumy
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byly primarné zaméteny na rozpoznavani produk-
ce z jednotlivych lokalit podle detaild vyzdoby.
Naproti tomu o fyzické podobé dilen stile vime
malo. Je nepochopitelné, pro¢ se pii prizkumu
novokiténskych lokalit dosud neuplatnily geofyzi-
kélni metody — jako predstupefi ndsledné cilené
sondaze, aby se vyraznéji zvysil pocet odkrytych
vypalovacich peci, které musely byt konstrukéné
mimoradné.

Jan Kypta

Lisa C. Nevett: Theoretical Approaches to the
Archaeology of Ancient Greece. University of
Michigan Press, Ann Arbor 2017, 338 p.

V roku 1972 vydal Colin Renfrew svoju pre-
lomovu publikaciu The Emergence of Civilisation
(Renfrew — Chery 1972), ktora nadviazala na dia-
16g medzi klasickou archeoldgiou (egejskej oblas-
ti) a kultiirnou antropoldgiou. Této praca vyznam-
nym spdsobom ovplyvnila predovsetkym disciplinu
egejskej prehistorie, ktora sa zacala Coraz viac otva-
rat metodoldgii prirodnych vied a aplikovat nové
teoretické modely pri vlastnom badani. To vSak
nemozno povedat o klasickej (gréckej) archeoldgii
prvého tisicrocia pred n. 1., ktorej smerovanie bolo
po dlhd dobu prevazne empirické. Archeolégovia
sa zameriavali prevazne na material a otazky Stylu,
povodu alebo chronoldgie, no menej na spolo¢nosti
a jednotlivcov, ktor{ tento material tvorili.

Tato koncentricia na Stddium archeologického
materidlu, asto na tkor antickych pisomnych pra-
menov, sa dostala na droven, ktord Anthony Snod-
grass v roku 2002 hodnotil ako zmenu paradigmy
(Snodgrass 2002). Vysledné teoretické vakuum
bolo odrazom vysporiadavania sa s dlhou histériou
oboru a jeho blizkym vztahom k d'al§im discipli-
nam, predovsetkym ku klasickej filolégii. Tieto fak-
tory totiZ do velkej miery ur¢ovali mozné vyskum-
né otazky, metddy alebo typy materidlu, ktoré boli
vhodné na vyskum. Aj napriek kontinudlnym sna-
ham o aktualizovanie metodologického rdmca kla-
sickej archeoldgie prebiehajicich uz od 70-tych
rokov minulého storocia, az v priebehu poslednych
dvoch dekad mozno zaznamenat akysi teoreticky
obrat. Odbornici si stdle CastejSie uvedomuju, Ze
pri hlbSom skiimani materialu je urcity teoreticky
zdklad nevyhnutny a hlasy presadzujice tzv. ateo-
retické pristupy (napr. Bintliff — Pearce eds. 2011)
nenachéadzaju silnejSiu podporu.

Na rozdiel od pribuznych disciplin v rdmci
gréckej archeoldgie prvého tisicrocia pred n. 1. tak
stale existuje medzera, ktord je evidentna aj v uceb-
nych textoch, kde byva tomuto obdobiu venovany,

najmé z metodologického hl'adiska, uZzsi priestor.
K zaplneniu tejto medzery sa snaZi prispiet aj re-
cenzovand publikacia vydana Michiganskou uni-
verzitou pod editorskym dohladom Lisy Nevett.
Kniha predstavuje zbornik prispevkov z konferen-
cie Theory in (Ancient) Greek Archaeology [TiGA],
ktora sa konala v roku 2012 na pdde Michiganskej
univerzity v Ann Arbor. Jednotlivé prispevky sa
ststreduji na oblast gréckeho vplyvu v prvom
tisicro¢i pred n. l. a venuji sa témam materidlnej
reprezentdcie spolocenskych Struktdr, politickej
organizécie alebo kultirnych noriem. Rovnako sa
ststred'ujd aj na formy akymi jednotlivci i skupiny
vyjadrovali svoju vzajomnu odli$nost, pripadne po-
dobnost a spdsob, akym mozno pristupovat k mate-
ridlnej kultire za ic¢elom skiimania tychto procesov
v priestore a Case. Kapitoly tak pontikaju rdzne
pripadové $tidie s aplikdciou rozli¢nych teoretic-
kych pristupov a modelov ako napr. sietova tedria,
fenomenoldgia, entanglement (tedria spletitosti),
chaine opératoire alebo spatial turn (obrat k prie-
storovosti). Tato ro6znorodost aplikovanych pristu-
pov je silnou strankou publikécie. Z metodologické-
ho hladiska si zaujimavé predovsetkym kapitoly
pontkajice nové vnimanie otdzok priestorovosti.
Aplikacii sietovych pristupov sa vo svojich pri-
spevkoch venuju autori David Small (kapitola 3),
Jessica Paga (kapitola 9) a Michael Scott (kapitola
10). Sietova tedria (analyza), ktora sa v poslednych
rokoch te$i pomerne velkej popularite v rdmci his-
torickych vied, pontika nové moZnosti vnimania
a interpretdcie materialnej kultdry, najma z hl'adis-
ka interakcie a konektivity. V ramci discipliny ar-
cheolégie mozno, okrem analyzy socidlnych sieti,
zaznamenat dva pristupy k aplikacii sietove;j tedrie:

formdlna sietova analyza, ktora stavia priamo na

matematickych zdkladoch sietovej tedrie a sieto-
vom modelovani jednotlivych interakcii a siefovy
pristup, ktory siete chdpe len ako metaforu interak-
cie alebo spdsob vyjadrenia vzdjomnej spojitosti.
Vsetky prispevky v recenzovanej publikacii spada-
ju do druhej kategérie aplikécie sietovej tedrie.
David Small sa vo svojej kapitole venuje pro-
blematike mestskych Statov a moznostiam, akymi
moZe grécka archeoldgia prispiet k vyskumu dal-
Sich oblasti s existenciou mestskych Statov. Primar-
nym argumentom opodstatnenosti podobného pri-
stupu je podla autora Sirokd pramenna baza pozna-
nia fungovania mestskych Statov v gréckom pro-
stredi, ktoré mdze pomoct vyplnit chybajice mies-
ta v inych oblastiach. D. Small k mestskym Statom
pristupuje cez optiku ,,small polities* (malé politic-
ké zriadenia), pricom si v§ima povahu vlastnych
sieti, ktoré tieto zriadenia vytvdrali. Existenciu lo-
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kélnych sieti tak autor vnima ako vyjadrenie otvore-
ného charakteru mestskych statov a ich interakcii.

Zaujimavu aplikdciu sietovej tedrie pontka
Jessica Paga, ktord sa vo svojej kapitole venuje
otdzkam vnimania priestoru a priestorovosti. Na
priklade starého bouleuterionu na athénskej Agore
analyzuje tlohu priestoru ako agenta spolocenskych
zmien v ramci $irSich lokalnych sieti. Autorka tu
demonstruje aktivny vplyv a vyznam architektdry
pri Sireni demokratickych myslienok v Athénach
a zaroven poukazuje na existenciu sieti podporu-
jucich sirenie podobnych vyuZiti architektiry v Sir-
Som regiondlnom kontexte.

Michael Scott sa vo svojej kapitole ststred’uje
na mapovanie niboZenského Zivota Athén na pri-
klade uctievania Pana. Autor sa tu odklana od sta-
le viac problematického modelu polis religion, pri
ktorom bol naboZensky priestor spolu s praxou
formované elitou mestskych Stitov a skiima moz-
nosti sietového pristupu pri tejto problematike.
Zameriava sa tak na Sirenie naboZenskych myslie-
nok prostrednictvom rozli¢nych typov prepojeni.
Vysledkom je flexibilnejsi a dynamickejsi obraz
naboZenskych interakcii, ktory zaroven poukazuje
na hranice poznania komplexnosti ndboZenského
Zivota. Kapitola vnima vzajomné prepojenia medzi
jednotlivymi oltarmi ako siet, ktord sa vyvija a rea-
guje na nové nabozZenské prejavy dalSich sieti
(inych bozstiev).

DalSou prinosnou strankou publikécie je kapi-
tola aplikujica niektoré koncepty hnutia spatial turn
(obrat vo vnimani priestoru). Spatial turn predstavu-
je tendencie k rekonceptualizacii priestoru v ramci
prechodu od modernizmu k postmoderne, ktoré sa
prejavili v odklone od tradi¢nych geografickych
pristupov k topologickému vnimaniu priestoru.
V ramci spolocenskych vied i§lo najmé o prijatie
tézy, ze ludské konanie sa nielen odohrava v pries-
tore, ale ho aj vytvara a urcuje. Tento spolocensky
rozmer je teda produktom spolocenského konania
a zdmerov, ktoré napliiaji fyzicky priestor obsa-
hom (Lefebvre 1974, 34). Na takyto model pries-
toru nadvézuje Soi Agelidis vo svojom prispevku
(kapitola 11), kde sa ststred'uje na athénske festi-
valy (predovsetkym sprievody) a sposoby, akymi
spolo¢nost’ formuluje naboZensky rozmer niekto-
rych verejnych priestorov. Autor si v§ima predovset-
kym mestské hradby, brany a budovy Prytaneion
a Pompeion, ktoré, okrem inych funkcii, zohravali
dolezitu dlohu aj pri festivalovych sprievodoch.
Aj napriek skutocnosti, Ze kapitola stavia len na
niektorych konceptoch spatial turn-u, ide o mimo-
riadne prinosny prispevok k aplikacii spolocensko-
-priestorovej dialektiky v historickych vedach.

Celkovo je publikicia veI'mi vhodne rozdelena
do 5 ¢asti (Disciplinary Context, Artifacts, Civic
and Religious Landscapes, Funerary Landscapes
a Responses), pricom kazd4 obsahuje prispevky
z prislusnych oblasti metodologickej aplikacie.
Obohacujticou je aj posledna Cast' (Responses), kto-
rd pontika hodnotenie stic¢asného stavu metodold-
gie gréckej archeoldgie prvého tisicrocia pred n. 1.
Z perspektivy teoretickej aplikdcie publikiciu
nemozno povazovat za definitivnu, kedZe chyba
priestor venovany pristupom ako napr. formdlna
sietovd analyza (napr. Knappett ed. 2013) alebo
modelu time geography (napr. Mlekuz 2010),
ktoré Coraz CastejSie prindSaju slubné vysledky.
Napriek tomu moZzno knihu hodnotit ako prinosni
publikdciu k diskusii o teoretickom smerovani
gréckej archeoldgie (prvého tisicrocia pred n. L),
ktora zaroven podava aktualny obraz o jeho stucas-
nom stave a nedostatkoch.

Denis Hakszer
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va (edd.): Devét stoleti klastera v Kladrubech
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V oborové i chronologicky Sirokém rozponu
sborniku pifspévki z konference konané v klad-
rubském klastere u piileZitosti jeho devitistého vy-
roci zaloZeni nechybi ani archeologie, byt zastou-
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pend pouze jednim prispévkem. V ném L. Foster
(135-148) shrnuje vysledky zachrannych akci z let
2003-2015, realizovanych v aredlu kladrubského
klastera vétSinou pfi liniovych vykopech. Tyto vy-
zkumy prinesly jen mdlo dopliikti dosavadniho po-
znani stfedovékych stavebnich etap, dileZita zjis-
téni se vSak tykaji barokni éry, napft. kanaliza¢niho
systému konventu. Toto v8ak nenf jediny divod,
pro¢ by po publikaci méli archeologové sidhnout.
Jisté je zaujme piispévek K. Novdcka (25-33), kte-
ry presvédCivé dospél k novému zjisténi, ze klad-
rubsky aredl ve 12. stoleti fungoval jako dvojklas-
ter — vedle benediktinskych mnichl zde ptisobilo
i Zenské feholni spolecenstvi. Své vyvody rozviji
na zdkladé ¢eskym badanim dosud nepovSimnuté
noticky v jedné z redakci Zivotopisu biskupa Otty
1. Bamberského. V prameni je konkrétné uvedeno,
Ze budouci svétec roku 1124 v Kladrubech vykonal
obrad zasvécovani panen. Doklad o existenci dvoj-
klastera klade K. Novacek do SirSich souvislosti
Siteni hirsauského reformniho hnuti, resp. vazeb
mezi benediktinskymi domy v Kladrubech a Zwie-
falten. Jak autor pfipomina, nové doloZeny dvoj-
klaster predstavuje v Ceskych zemich tfeti zndmy
piiklad svého druhu v kniZecim obdobi (po Sazavé
a Podlazicich).

Archeologlim také stoji za pozornost tfi pii-
spévky, které se nevztahuji ke Kladrubtim. J. An-
derle (245-256) predklada cenna zjisténi o dosud
neznamé romanské etapé farniho kostela v Liti-
cich u Plzné. Jeho dnesni lod spolu s presbytdrem
vznikly jakoZto novostavba kolem roku 1400, pri-
¢emZ material pouzity na zdivo lodi z prevaziné
Casti pochézel ze zbofené roméanské svatyné. Autor
po plosném osekani vnéjsich omitek identifikoval
vedle spousty piskovcovych kvadrii i nékolik archi-
tektonickych ¢lankt charakteristického tvaroslovi
(napft. dily oblouc¢kového vlysu ¢i dily podiimsi
zdobené zubofezem). Podle téchto zbytki autor
spekuluje o moznych genetickych souvislostech
zaniklého litického kostela se stavbami tzv. klad-
rubského okruhu, pri¢emzZ jistou spojitost shleddva
pouze u zndmého kostela ve Svojsiné.

J. Slavik (257-270) objevnym zplisobem nasti-
Huje stfedoveéky stavebni vyvoj benediktinského
proboststvi v Broumové. Pfi komplexnim prtizku-
mu obnovovaného aredlu se mu v poslednich letech
podarilo shromézdit celou fadu zasadnich a nece-
kanych poznatkt o gotickych fragmentech ve hmo-
té siln€ barokizovaného komplexu. Ve shodé s do-
savadn( literaturou zdtraziuje naprosto vyjime¢nou
architektonickou formu tohoto feholniho domu,
ktery 1ze bez rozpakl oznacit i za hrad. DileZity je
zv14sté Slavikiv pidorysny plan sttedovékého kon-
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ventu s kostelem vcetné mohutného obvodového
opevnéni. Prezentovany vybér fotografii nalezo-
vych situaci vzbuzuje velka ocekdvani od budou-
ci — doufejme, Ze brzké a podrobné — prezentace
vysledkt prizkumu.

M. Kovar a R. Bldha (271-292) zevrubné in-
formuji o pocetném souboru architektonickych
¢lankd, Cerstvé nalezenych pii povrchovém pri-
zkumu v moderni zdstavbé na mist& zaniklého be-
nediktinského klastera v Opatovicich nad Labem.
Ke zde objevenym tesanym prvkim rané gotické-
ho tvaroslovi dohledali pfimé analogie mezi frag-
menty z lapidaria kralovehradeckého muzea, jez
snad pochazeji z tamniho mendikantského klastera,
naceZ uvazuji o pavodu ¢lanku ve stejné stavebn{
huti. Otazkou je, zda lze na zdkladé shody nékoli-
ka ¢lanku pouZivat termin hut, kdyZ obecné vime
pramdlo o mobilit¢ kamenikd v daném obdobi.

Jan Kypta

Maté Szabé: Archaeology from Above. Epi-
sodes from the History of Aerial Archaeologi-
cal Archive of Pécs. Archaeolingua, Budapest
2016, 304 str. s 339 obr.

Pred vice nez dvaceti roky se uskutecnil prvni
prakticky kurs letecké archeologie na tizem{ té Casti
Evropy, ktera se prakticky od konce druhé svétové
véalky nachdzela v podru¢i nedemokratickych rezi-
m, politicky a ekonomicky pevné ovladanych ko-
munistickou stranou nékdejsiho Sovétského svazu.
Organizdtorem onoho meetingu, ktery se konal
v ¢ervnu 1996 na letisti pobliZ Balatonského jezera
u obce Siéfok (Bewley — Braasch — Palmer 1996),
byla univerzita v Pécsi (Pétikosteli). Na tamni ka-
tedfe historie se jiZ od poloviny 70. let rozvijela
prace s leteckymi — jak historickymi, tak dostupny-
mi povéle¢nymi — fotografiemi, ale prvn{ prizkum-
ny let, jehoZ dcastnikem byl profesiondlni archeo-
log, se uskutecnil aZ v roce 1985. Za uvedenymi
aktivitami stdl hlavni protagonista letecké archeo-
logie v Madarsku, pozd€jsi profesor a zakladatel
katedry archeologie na uvedené univerzité, Zsolt
Visy. Ke studiu a analyze prevazné méfickych le-
teckych fotografii jej privedlo jednak setkani s iko-
nou némecké Luftbildarchéologie O. Braaschem,
jednak jeho hlavni celoZivotni specializace — vy-
zkum fimského limitu na mad'arském tizemi (zejm.
projekt Ripa Pannonica). JiZ dva roky pred uvede-
nym kurzem v Si6foku byla kolekce leteckych foto-
grafii pofizenych podél Dunaje a ¢aste¢né i v samot-
ném jadru nékdejsi provincie Panonie nejrozsih-
lej$im souborem tohoto druhu pramenti na archeo-
logickém pracovisti v Mad arsku. Visy velky pocet
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téchto fotografif analyzoval a vyuZzil jako dokumen-
tacni doprovod ke své prvni monografii o panon-
sko-dunajské hranici fimského impéria (Visy 1988).

Siéfok se stal vyznamnym impulsem k zahdje-
ni praktického zavadéni letecko-archeologické pro-
spekce v zemich byvalého sovétského bloku a pro
Visyho znamenal pfedevsim navazini nékolikaleté
spoluprice s O. Braaschem, jehoZ prizkumné lety
ve vysledku znamenaly objevy stovek do té€ doby
neevidovanych lokalit a obrovské mnozstvi novych
snimkd, takZe v roce 2004 mohl vzniknout oficial-
ni (s licenci vefejné muzejni instituce) Letecko-ar-
cheologicky archiv Pécs (LAAP) jakoZto soucast
tamni univerzity. Dluzno dodat, Ze dynamicky se
zacala leteckd archeologie v téZe dobé rozvijet také
ve druhém hlavnim centru tohoto oboru v Mad'ar-
sku, na univerzité¢ Eotvose Loranda v Budapesti.
Konecné v ponékud mensi mife, nicméné stejné
vyznamné€ se na rozvoji témat dalkového archeo-
logického prizkumu (DAP) podilel také Archeo-
logicky tstav Mad'arské akademie véd (zejm. péci
Z. Mikl6sové).

Jiz od druhé poloviny 90. let zacal s Visym
spolupracovat jeho student G. Bertdk, o némz je —
pokud jde o Mad'arsko — v mezindrodni komunité
specialistd na DAP nejcastéji slySet. Kromé kon-
ferenci se za tym jihomadarskych badatell nejéas-
téji zicastiioval velkych mezinarodnich oborovych
projektd (naposledy ArchaeoLandscape Europe:
www.archaeolandscapes.eu) a je také spoluautorem
vlastné€ prvni monografie, ktera ptfedstavuje vysled-
ky letecko-archeologického priizkumu a na né nava-
zujicich terénnich vyzkumi dosazenych od 90. let
specialisty z Pétikosteli (Bertok — Gdti 2014).
Nejmladsi generaci pak reprezentuje autor recen-
zované knihy M. Szabd, ktery se donedavna jako
své hlavni ¢innosti vénoval zpracovani kolekce
Braaschem poftizenych diapozitivii. V poslednich
letech se tento dnes jiZ lektor univerzitni katedry
archeologie (Visy odesel do diichodu roku 2014) —
zbéhly v pouzivani softwaru k praci s prostorovy-
mi daty (zejm. GIS) a s leteckymi/druzicovymi
snimky a schopny integrovat jejich vyuziti spolu
s uplatiovanim modernich technickych zafizen{
(GPS, drony atd.) do teoretické a praktické vyuky
studentl archeologie — vénoval také vlastnimu vi-
zudlnimu prizkumu z malého letounu, a to nejen
na madarském tizemi, ale také v sousednim Ru-
munsku, resp. v Transylvénii. U piileZitosti dese-
tiletého vyroci zaloZzeni LAAP v roce 2014 zacal
pracovat na knize Archaeology from Above.

Kniha je ¢lenéna do tif ¢asti. V prvni je pozor-
nost vénovana — jak to u monografii tohoto druhu
byva zvykem — stru¢né historii letecké archeologie

Nové publikace

a jejim principim, a predev$im sumarizovanému
pribéhu vice nez desetileté historie LAAP. Druha
¢ast je nazvéana ,,Epizody z historie LAAP* a obsa-
huje celkem 20 kapitol, v nichZ autor pfinasi po-
mérné Siroky vybér témat — od jim aplikovanych
zpUsobu sbéru dat pres jejich zpracovani a integraci
do vyzkumu konkrétnich kategorickych a chrono-
logickych témat az po predstaveni nejzajimavéjsich
objevi. Namatkou uved me nazvy nékolika kapitol:
Drones in archaeology, The hidden third dimension
of photographs, An aerial archaeologist over the
Hungarian Plain, The Ripa Pannonica from the air,
Vanished settlements. Posledni kapitoly této ¢asti
predstavuji uplatnéni fotoletecké dokumentace ar-
cheologickych vyzkumi odkryvem, zajimavé ob-
jekty z nejmlads{ historie a soucasnosti, piiklady
pozoruhodnych pfirozenych komponent krajiny.
KaZdou kapitolu uvedenou spiSe stru¢nym textem
doprovazi velky pocet kvalitnich fotografii s po-
drobnym, nicméné v nékolika pripadech ponékud
nesrozumitelnym popiskem. U mnohem vétsiho
poctu snimki, neZ je tomu ve skutec¢nosti, by bylo
uzitecné, kdyby na né byly umistény indikatory
(napt. Sipky), které by lépe umoziiovaly pochopit,
co z Casto nezfetelnych struktur je na fotografiich
to podstatné, resp. v popisce uvadéné.

V zavéru monografie je pripojen glosar a legen-
da k nékolika (v GIS vektorizovanym) plantim vy-
branych lokalit. Ponékud netradi¢né pracuje autor
s bibliografii: za kazdou kapitolou je umistén vy-
bér publikaci k danému tématu, zatimco na samém
konci knihy je v chronologickém poradi uvedena
bibliografie vSech, ktefi se podileli na projektech
LAAP, ato od roku 1995 do roku 2014. Znamena
to, Ze vétSina titull je totoZnd s bibliografickymi
odkazy za kapitolami.

V kazdém piipadé je tato jiz druha souhrnna
knizn{ monografie o archivnich fondech LAAPu,
o aktivitdch a dosavadnich vysledcich tohoto pro-
gresivné fungujiciho pracovisté pocinem, ktery je
tfeba nalezité ocenit. Tim spiSe, Ze jej napsal jeho
nejmladsi Clen.

Martin Gojda
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