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Prispevelk predstavi vysledlky metodicky Sirokého spektra prizikumii zaniklého diilntho centra Buchberg na Havlickobrodsku zapo-
Jjeného ve 13. a 14. stoleti do produkce stribra. Toto stredisko je vyjimecné svou rozlohou i rozvinutou komunitni infrastrukturou.
Tomu odpovida i odraz tohoto komplexu v pisemnych pramenech. Prizkumy a sonddzZe se zamérily na obytny aredl, a predevsim na
navazujict metalurgicka pracovisté. Ta poskytuji jedinecné prostorové informace i mnozstvi cennych tdajit z analyz archeometalur-
gickych ndlezul, reprezentujicich ¢lanky operacniho fetézce od tézby surové rudniny k finalni produlkci Zadanych kovti. Aktudlni
odlesnéni montdannich terénnich reliktit umoznilo trojrozmérné zaméreni, prindsejici dosud nepoznanyj pohled na prostorovou strulkcturu
historické dulni ¢innosti.

Ceskomoravska vrchovina, téZba rud, archeometrie, 13. stoleti

The study presents the results of a wide range of research approaches and surveys of the defunct mining centre at Buchberg in the
region of Havlickiw Brod, which was involved in silver production in the 13" and 14" centuries. Burchberg is exceptional in its size
and well-advanced community infrastructure. Its significance is also reflected in written sources. Surveys and trial diggings focused
on the residential area, and especially on the adjoining metallurgical facilities providing unique spatial information, as well as a wealth
of valuable data obtained by analysing archaeometallurgical materials, representing the links in the operational chain, staring with
the raw ore extraction and ending with the final production of the desired metals. The current deforestation of mining field relics
enabled their three-dimensional survey, and, thus, providing a hitherto unknown view of the spatial structure of historical mining

activities.

Bohemian-Moravian Highlands, ore mining, archaeometry, 13%® century

1. Introduction

1.1. Historical context of the earliest medieval
mining of silver ores in the region
of Havli¢kav Brod

Following the mid-13% century, the Pfemyslid domain
experienced the earliest boom of the production of non-
ferrous metals, especially lead, silver and copper even
before the opening of the mines located between Kolin
and Caslav and the establishment of Kutna Hora,
mainly thanks to mining centres in the Bohemian-
Moravian Highlands (Fig. 1A: 1; 1B). The Bohemian-
Moravian Highlands landscape underwent a dynamic
transformation during a short time, and the transforma-
tion process was partly motivated also by the prospection
and exploitation of precious metal ores (Hruby 2014;
Hruby et al. 2019; Kaiser et al. 2019).

Probably already at the end of the 1230s, mining ac-
tivities started in Jihlava, at least according to the ar-
chaeological finds (Hruby 2019, 42-44, 48, Tab. 2). In
1252, a mint master Henry (Heinricus magister mone-

tae) is mentioned in the town of Humpolec (CDB IV/1,
No. 256, pp. 436-437) in a deed of the VySehrad Chap-
ter, and it can be considered as an indicator of mining
activities in the area with the attested occurrence of
gold and polymetallic ores. Such activities are also cor-
roborated by a sequence of dendrochronological data
indicating the years 1252/1253 and 1257/1258 that
was obtained during archaeological fieldwork conducted
at the site of ore processing facility near Koje¢in, located
between Humpolec and Brod (Hruby et al. 2019). The
development of several mining sites in the Havlickuv
Brod region is also attested by the deed of Smil of Lich-
tenburg dated November 5%, 1257 listing a tithe from
silver mines (de argenti fodinis) situated near the sites
of Brod, Bél4, Pribyslav, and Slapanov (CDB V/1, No.
138, p. 223).

One of the centres of polymetallic ore mining at that
time was located near the village of Utin near Priby-
slav (Fig. 2: 10). The site was called Buchberg (or Mons
Fagus) and had a well-developed community infrastruc-
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Fig. 1A. Archaeologically investigated medieval mining regions in Central Europe. 1: Ceskomoravskd vrchovina (Bohemian-Moravian Highlands), 2: Krusné hory
(Ore mountains, Erzgebirge), 3: Harz, 4: Siegerland and Sauerland, 5: Schwarzwald, 6: Silbertal (Tirol), 7: Alpe d’Huez, 8: Banskd Stiavnica in Stiavnické vrchy
(Stiavnica Mountains), 9: Kasperské Hory (Sumava Mountains), 10: Kuind Hora, 11: Dgbrowa Gérnicza. — Obr. 1A. Archeologicky zkoumany ddlni region ve
stedni Evropé. 1: Ceskomoravskd vrchoving, 2: Kru$né hory, 3: Harz, 4: Siegerland and Sauerland, 5: Schwarzwald, 6: Silbertal (Tirol), 7: Alpe d’Huez, 8: Banskd
Stiavnica, Stiavnické vrchy, 9: Kasperské Hory, 10: Kutnd Hora, 11: Dgbrowa Gdrnicza.

Fig. 1B. Archaeologically investigated medieval mining sites in the Bohemian-Moravian Highlands (Vysocina Region). 1: Utin (Mons Fagus, Buchberg), 2: Stibrné
Hory (Mons Herliwini, Herliwinberg), 3: Sv. K (Mons Medium, Mittelberg), 4: Ceskd Beld, 5: Kojecin, 6: Jihlava (Antiquus Mons, Altenberg), 7: Bélokamensky
potok, 8: Cvilinek site by Cernov and Chrdstov, 9: Cejkov, 10: Vyskytnd, 11z Opatov, 12: Havirna site at Stépdnov nad Svratkou. — Obr. 1B. Archeologicky zkourna-
né stredovéké hornické aredly na Ceskomoravské vrchoviné v kraji Vysocina. 1: Utin (Mons Fagus, Buchberg), 2: Stfibrné Hory (Mons Herliwini, Herliwinberg),
3: Sv. K#iz (Mons Medium, Mittelberg), 4: Ceskd Beld, 5: Koje¢in, 6:Jihlava (Antiquus Mons, Altenberg), 7: B&lokamensky potok, 8: Cuilinek, u Cernova a Chrdstova,

9: Cejkov, 10: Vyskytnd, 11: Opatov, 12: Havirna u Stépdnova nad Svratkou.

ture including settlement, a sacral building and a public
house (hospicium). We have been able to partially recon-
struct the appearance of this site by combining histor-
ical documents and means of remote, as well as direct
non-destructive, prospection that was verified by trial
excavations. The prospection methods applied have
been more commonly used in surveys of prehistoric and
protohistoric settlement areas such as open or hill-top
settlements and strongholds. In this respect, the high
medieval mining complex is archaeologicaly fully pre-
served in agricultural and forest areas with anthro-
pogenic relief relics shares some features with the sites
mentioned in the previous sentence.

Geochemical analyses of a broad spectrum of ar-
chaeometallurgical materials form part of the research
of such operational-production complex. It consists
mainly of metallurgical and blacksmith slags, lead drips
and castings of cupriferous alloys, a unique silver bar
and scalings. Xylotomy analyses of the carbonised fuel
from filling and the working surroundings of furnaces
completed the obtained picture. Analyses of these
groups of finds represent the key to our understanding
of the production and technical infrastructure of the
complex and are probably more important in the re-
search of mining areas than the study of community in-
frastructure. Fieldwork and surveys conducted near
Utin fit well into the concept of long-term research in
medieval ore mining and metal production in the Bo-
hemian-Moravian Highlands (Crkal et al. 2019; Derner
— Hruby 2018; Hruby — Hejhal — Maly 2007; Hruby et al.

2012; Hruby - Maly - Milo 2016; Hruby et al. 2019;
Hruby — Derner — Skorepova 2019).

1.2. Mining in the region of Pfibyslav
and at Buchberg as seen
in the 13" and 14t century-deeds

Silver mining near Utin is corroborated by a deed issued
in Slapanov on October 25%, 1258 (CDB V/1, No. 167,
p- 267). It specified a tenancy provided by the mintmas-
ter at the silver mines in Brod and Bohemia Eberhard
(magister monetae super argenti fodinas), the deed itself
was written by another Mint master Heinricus dictus
Avis (Henry the Bird). In addition to the names of royal
mining officials forming the consortium, we also know
the names of mining entrepreneurs to whom the facili-
ties were lent — Theodoricus dictus Vriberch, probably
from Freiberg, a significant silver production centre in
the Meissen region, and Gernot dictus Niger. The deed
contains a list of mines and galleries/adits corrobo-
rating the extraordinary scope of mining activities:
Iegerberch, Vberschar, Hertwigesberch, Breitbartesberch,
Scubelerberch, Helmerichesberch, Buchberch Juvenis
et Buchberch Antiquus, Lettenberch, Clophurberch, Ho-
halde, Haberberch, stollo Vribergeri, stollo Cunradi and
Gotesgabe. The so-called Freiberg’'s adit was lent to
Freiberg, Gernot and their heirs irrevocably and forever
(irrevocalibiter et perpetuo); thus, it is a so-called hered-
itary adit. The tenancy deed also mentioned a pub (hos-
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Fig. 2. Medieval mining sites and urban settlement in the region of Havlickiv Brod. 1: Town of Havlickiv Brod, 2: Town of Ceskd Beld, 3: Town of Pfibyslav,
4: Town of Slapanov, 5: Smelting site under Buchberg, 6: Mons Herliwini (Herliwinberg), 7: Mons Medium (Mittelberg), 8: Kojecin site, 9: Monastery of Pohled
(Frauental), 10: Mons Fagus (Buchberg). — Obr. 2. Sttedovéké hornické a méstské aredly na Havlickobrodsku. 1: mésto Havlickéiv Brod, 2: méstecko Ceskd B&ld,
3: mésto Pribyslav, 4: méstecko Slapanov, 5: Zpracovatelsky aredl pod lokalitou Buchberg, 6: Mons Herliwini (Herliwinberg), 7: Mons Medium (Mittelberg),

8: Kojecin, 9: kldster Pohled (Frauental), 10: Mons Fagus (Buchberg).

picium) at the road leading to Utin. Smil of Lichtenburg
confirmed the tenancy on January 1%, 1259 (CDB V/ 1,
p- 281, No. 175).

The Buchberg mine (Puchperch) is subsequently men-
tioned in the Brod deed issued by King Ottokar II of Bo-
hemia of January 9%, 1261 excluding the Freiberg’s
mines of from the competence of the Mint master for
Moravia (CDB V/1, p. 385, No. 252). Another mention
can be found in a deed dated June 13", 1265 settling
the dispute over income from the local chapel (CDB V/ 1,
pp.- 661-662, No. 447). The chapel dispute (capella
de Buchberch) also appears in the mandate charter of
the Prague bishop Jan of August 27, 1272 (CDB V/2,
pp- 307-308, No. 673).

Primizl de Monte Vagi (RBM II, p. 865, No. 2001) is
mentioned among witnesses in the Brod deed of Febru-
ary 27", 1304 issued for the monastery in Fraunthal.
The deed by John of Luxembourg for Henry of Lipa
(Jindfich z Lipé) of June 18™, 1321 (RBM III, p. 288, No.
692) also mentions the site (in Monte Fago, qui in volgari
Puchberk dicitur). The mine is also discussed in a char-
ter dated December 7%, 1327, containing the decision
of Hynek of Lichtenburg and Zleby in the long-running

dispute over the chapel (RBM III, p. 548, No. 1399). The
Buchberg (Puchberch) mine is mentioned for the last
time in 1351 (CIM II, p. 575, No. 1362). Puchberk was
also mentioned as a village in 1500; however, it could
probably refer to a village of Utin, not the mine (Rous
2001a, 69).

1.3. Topography of Buchberg

The area is situated on an extensive flat ridge between
the villages of Hesov and Utin (Fig. 10) within the cadas-
tral district of Utin (775649). Its highest point is situ-
ated in the southern part of the magnetically prospected
area G with an altitude of about 520 m above the sea
level; the lowest point is the foot of the dumps in the
north-eastern part of the area located on the slope to-
wards the river Sdzava with an altitude of 472 m above
the sea level. Buchberg lies 2.6 km to the north-west of
the medieval core of the town of Pribyslav, and about
9.3 km to the south-east of Havlicktiv Brod. The site
lies 5.4 km north-east of Slapanov, which was a min-
ing town of regional importance in the 13™ century
(Fig. 2: 3, 4). The nearest contemporary mining area was
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Fig. 3. Orthophoto map of the surroundings of Utin, including a layer of shaded
relief, based on Lidar scanning. 1: Mining areas on the Poperek site, identified as
the Buchberg enterprise. 2: One of the defunct central smelting areas. 3: Church
of St. Catherine in the area of the historical Herliwinberg (Mons Herliwini) mines.
4~6: Another smelting places. Based on the map server of the Czech Office for
Surveying, Mapping and Cadastre (CUZK), edited by author. Supplemented with
magnetograms from surveys conducted by the Department of Archaeology and
Museology, Faculty of Arts, Masaryk University. — Obr. 3. Reliéfni LIDAR mapa
ddiniho aredlu u Utina. 1: lokalita Poperek ztotoZriovand s historickym ddlnim
podnikem Buchberg. 2: jedno z centrdinich struskovist. 3: kostel sv. Katefiny
v misté stredovékého dolu Herliwinberg (Mons Herliwini). 4-6: Dalsi hutnisté.
Mapovy podklad prevzat ze serveru CUZK, magnetické méreni UAM.

Herliwinberg (Mons Herliwini with the Church of St.
Cathrine in the cadastral district of Stribrné Hory on
the opposite, i. e. northern, bank of the Sdzava River at
a distance of 1.2 km to the north of the evaluated area
(Havlicek 2018). On the southern bank of the Sazava
River, at a distance of about 900 m to the north-east,
there is also an extensive slag dump (Fig. 3: 2), probably
directly connected with Buchberg (Hruby — Maly — Milo
2016). The eastern part of the area, which is closer to
the upper edge of the slope above the Sazava valley,
slopes further to the north-east and the landscape there
can be characterised by notches, which can even con-
tain a seasonal smaller watercourse. Otherwise, there
is currently no water source at the site. In the higher
parts of the site, there are mesobasic cambisols, and on
the slopes dystric cambisols (Soil map 1 : 10 000, sheet
no. 23-21-23).

333-384

Relics of historical mining activities in the form of
funnel-shaped shaft openings with spoil-banks can be
observed on two ore-bearing structures of the extensive
dislocation zone running in the NNW-SSE direction
(Figs. 2, 9 and 10). The spoil-banks reach up to 890 m
length in the primary striking (Fig. 9: L, M), and 370 m
in the eastern draft (Fig. 9: O). However, the original ex-
tent of mining work can be estimated at an indicative
length of up to 2000 m (Pokorny 1963). The total area
of the currently visible ore mining relics reaches around
13.8 ha, which makes Buchberg one of the most exten-
sive historic mining areas of its time in the region (Fig.
2,3,9, 11 and 12).

1.4. Geological and mineralogical conditions

The site forms part of the so-called Havlicktiv Brod ore
district, including several dozens of sites with occur-
rences of polymetallic mineralisation. These are classi-
fied as the so-called k-pol type or the so-called Lower
Perm Fe-Zn-Pb-Ag mineralisation of the Kutna Hora
type according to the new classification (Dobes$ — Maly
2001). Such mineralisations are characterized by the
abundant presence of pyrite, pyrrhotite, sphalerite and
arsenopyrite; quartz and Fe-Mg-Mn carbonates pre-
dominate the vein content, while barite is generally
wholly missing. The mineralisation is well advanced in
the form of veins and mineralised dislocation zones. The
veins are up to tens of cm thick and have a striking
length of only a few hundreds of meters. On the other
hand, dislocation zones are more distinct. The sur-
rounding rocks are mostly Moldanubian pararules,
migmatised to varying degrees. The rocks in the vicinity
of the dislocation zones are tectonically affected and
transformed by hydrothermal alterations: feldspar de-
composition, crystallisation, the formation of sericite,
sometimes also chlorides, pyritisation, limonitisation
are typical, and graphite is relatively standard.

Ore minerals do not form continuous bodies in the
dislocation zone near Utin, but rather occur in veins,
ore columns, discontinuous veins and impregnations.
Pyrite, pyrrhotite, arsenopyrite and dark sphalerite
(with a Fe content of up to about 10% by weight) have
been attested in the Buchberg area. The ores form either
granular aggregates up to several centimetres in size or
crystals in the vein up to 1 cm (pyrite and arsenopyrite).
The occurrence of macroscopic galena, with its largest
aggregates of about 5 cm in size, is relatively rare (Fig.
13: samples 2 and 6). Chalcopyrite has been detected
microscopically in the form of small inclusions in spha-
lerite. The occurrence of pyrargyrite creating inclusions
in pyrite and galena up to 10 micrometres in size (Fig.
14: 2, 3) is sporadic.

The gangue consists mainly of hydrothermally al-
tered rocks and quartz that usually has a white colour
and is massive only exceptionally forms crystals up to
0.5 cm in size in cavities. Carbonates are exceptional,
but they can relate to the long-term weathering in the
acidic environment of the heaps (Fig. 13: sample 8).
Dolomite-ankerites with increased manganese content
and siderites with increased manganese content are
also present among the samples. Secondary minerals
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are represented by limonite, which is mainly formed by
weathering of iron sulphides, especially pyrite and
pyrrhotite, or Fe carbonates. Black manganese hydrox-
ides usually accompany limonite. So far, cerussite and
anglesite have only been confirmed microscopically.
Secondary calcite and as yet undetermined secondary
arsenic minerals have been attested in coatings. Ore
samples have been obtained from mine heaps, i. e. they
represent unusable waste. Therefore, they are not a rep-
resentative example of textural and structural types of
the presumed quality ore, which was further processed
by medieval miners.

1.5. Investigation, mapping, surveys
and fieldwork conducted at the medieval
mining centre of Buchberg

Since the 1880s, the identification of the medieval
mines at Buchberg — a site that was mentioned in a sur-
prisingly significant number of the 13% and 14% cen-
tury-documents, has relied on its resemblance to the
local name Poperek. It is considered a folk version of the
original German name Buchberg, or Puchberk or Puch-
berch (Feyfar 1876, 6; Petr 1897, 21; Koran 1954, 4;
Ciganelk - Keclilkc 1976). The name Puperneck is also
mentioned on the oldest mine district map from 1773
(Fig. 4) drawn by the royal Mining master Johann Chris-
tian Fischer, who, on behalf of the authorities, reviewed
the remains of ancient ore mining in the Havlicktiv Brod
region (Fischer 1773).

Finds related to historical mining activities in the
Pribyslav region were recorded as early as the 1870s
when the mining engineer Johann Héniger (1804-1892)
carried out experimental mining work there. They found
old mine-timbers, picks and other tools. These artefacts
are lost today. Moreover, it is not clear whether they
came from Utin or more probably from the northern
bank of the Sazava River from Stfibrné Hory where they
mined in 1873-1888 (Kutilekk 1884, 269-271; Rous
1998a, 107). In 1872, Honiger drew several mining
maps (Figs. 5 and 6) showing relics of historical mining
activities (Honiger 1872; 1872/ 1879; Anonymous Uiber-
sichts-Ganglkarte). Rudolf Helmhacker (1841-1915),
a Czech geologist and mining engineer of German ori-
gin, also took part in the survey and mapping and drew
an even more accurate map of the abandoned mining
works in 1876 (Helmhacker 1876). Last but not least,
the most accurate map of old mining works near Utin,
and Stfibrné Hory from 1875 (Fig. 5) also seems to be
drawn by Helmhacker, but his authorship is not abso-
lute (Anonymous 1875).

Modern geological inspections and surveying of old
mining works date back to the 1960s and can be pre-
dominantly attributed to the activities of the geolo-
gist Joel Pokorny (Fig. 6). In the years 1963-1964, he
carried out exploratory and mapping drillings near
Stribrné Hory, Utin and Dlouha Ves, just to mention
a few of them. He also created a card-index of old min-
ing works kept at the Czech Geological Institute in
Prague. At that time, geological maps were created at
a scale of 1 : 25,000 to 1 : 50,000 (Pokorny 1963; Holub
2005, 396; Spacek et al. 1963; Bartdselk - Martinek
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1973). In the following decade, Svatopluk Ciganek and
Ivo Keclik provided a topographic and mining-historical
description of the site (Cigdnek — Keclikk 1976, 28, 31,
36-37).

Archaeologist Pavel Rous, who had been active in the
Havlicktiv Brod region, introduced Buchberg as an ar-
chaeological topic and conducted the first field survey
of relics of historical mining there in 1989 (Rous —
Zborovska 1989). Above all, he evaluated numerous
finds obtained by the amateur researcher and de facto
discoverer of the site Jifi Berky during systematic sur-
face pottery collectings at the site in 1981-1991 (Berky
1992; Rous 1998a, 107). During his research, he man-
aged to identify locations A-F with higher concentra-
tions of pottery fragments and determine the different
spatial distribution of earlier and later pottery sherds
(Rous 1998a, 107-108, 114). Rous has followed up
with further surveys since 1997 and supported his re-
sults with archival research and a critical evaluation of
previously published views on topographical inaccura-
cies and problems (Rous 1998a, 107-108, 114; 1998b;
2001a, 69, 72, 79-81; 2004, 50). In 1998, an isolated
motte was archaeologically prospected; this feature
shows some morphological characteristics of a small
medieval fortification of the motte type (Rous 1998a,
107; Fig. 11).

The range of issues has soon expanded from the min-
ing settlement to the production and metallurgical fa-
cilities and ore mills. Since 1999, the Jihlava Museum
has started to participate in the prospection of the site
and its hinterland. Surveys, including metal detectors
for the first time, have focused on archaeometallurgical
finds, which were systematically evaluated utilizing geo-
chemical analyses (Havlicek 2005; Havlicek 2007; Maly
— Rous 2001, 81-85, No. 15; Rous 2001b; 2005; 2006a;
2006Db; 2010a; 2010b; 2007; Rous — Berky 2002; Rous —
Maly 2004, 124, Fig. 2, 126; AVV 1/2007, 29).

Surveys conducted by the field office in Jihlava of AR-
CHAIA Brno company and the Institute of Archaeology
and Museology of Masaryk University (UAM) drew on
the previous research in 2013-2014. As part of the pro-
ject “Historical use of the Bohemian-Moravian High-
lands landscape in Prehistory and the Middle Ages”,
large-scale magnetic prospection was carried out on ad-
jacent fields. Its results confirmed the presence of set-
tlement structures with adjoining extensive metallur-
gical area (newly discovered; Fig. 9: F and Fig. 15). Mag-
netic prospection was also performed in the nearby
metallurgical area located in the Sazava Valley (Fig. 3:
2). Geochemical sampling that supplemented the pro-
spection corroborated the existence of indicators of ad-
vanced production infrastructure (Hruby — Maly — Milo
2016).

At that time, Buchberg was already becoming a Cen-
tral European topic (Hruby 2016, 186-187; Derner -
Hruby — Schubert 2016, 226, 234, Abb. 27: 1, 237; 38,
238). The latest research has been performed as a part
of the international project VirtualArch, which is guar-
anteed in the Czech Republic by the Archaeological In-
stitute of the Czech Academy of Sciences in Prague
(UAM co-operates in that project). Further magnetic
prospection was performed in 2018 under the leader-
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Fig. 4. Mining map from 1773 by
Johann Christian Fischer. The site of
Buchberg is designated as Puper-
necker Gebirg (Fischer 1773). —
Obr. 4. DdIni mapa Johanna Chris-
tiana Fischera z roku 1773. Zdjmové
uzemi je oznaceno jako Puperne-
cker Geburg (Fischer 1773).

500 m Ay

500 m

Fig. 5. Anonymous mining map (probably by Rudolf Helmhacker) from 1875
(Anonym 1875). — Obr. 5. Anonymni ddini mapa (pravdépodobné Rudolf
Helmhacker z roku 1875 (Anonym 1875).

ship of experts from Masaryk University (Milo — Tencer
2018). The area of metallurgical facilities was subject to
surface prospections in 2017-2018. This was followed
in the autumn of 2018 by small-scale excavations, sup-
plemented in the summer of 2019 by trial fieldwork at
the foot of the cumulus formation (its top was archaeo-

Fig. 6. Mining prospection map with preserved remains of historical mining
by Joel Pokorny (1963). — Obr. 6. Mapa ddiniho prizkumu s vynesenymi
relikty historické hornické ¢innosti od Joela Pokorného (Pokorny 1963).

logically investigated in 1998). As a part of the research
activities, field relics of historical mining activities have
been surveyed, and their distribution has been subject
to spatial analysis.

Prospection and surveys conducted in the years 2013
to 2020 have provided more detailed and accurate in-
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formation about the community and technical infras-
tructure of the defunct mining complex. It was also ur-
gent to survey relics of historic mining activity in areas
that were forested until recently. In 2018-2020, the
threat that they could be damaged or become inacces-
sible for documentation for some time has increased,
mainly in connection with the clearing of forest stands
infested with bark beetles and their subsequent re-
forestation (Figs. 7, 10-12). As a scientific discipline, as
well as a heritage care factor, archaeology should be
able to respond appropriately to such interventions.

2. Methodology/Research methods

2.1. Remote 3D-surveying of deforested relics
of historical mining

The current deforestation of the area has enabled the
application of remote digital data collection in the sur-
veying using the multi-image photogrammetry method
— Structure from Motion (SfM) — of primary image data
processing that can provide metric, accurate and de-
tailed 3D digital data at any scale (Figs. 7 and 8). This
technology calculates the spatial position and shape of
the evaluated feature based on the image correlation of
two sub-images by identifying the position of two corre-
sponding points of reference. The algorithm benefits
from the fact that each point (pixel), together with its
surroundings, is unique, and, therefore, can be identi-
fied in other images. Hardware and algorithm improve-
ments have caused that SfM can bring results from the
ground and aerial data collection and processing that
are comparable to laser scanning (Remondino — Rizzi
2010).

The UAV (DJI Mavic Pro) system was chosen to pho-
tograph the site. Data collection took place during the
dormant period (in January 2020). Data was captured
from a height of 120 m, the total flight time reached
57 min, and 2239 photographs were obtained. An area
of 0.3 sq. km was photographed with an overlap of more
than nine photographs per point. Data was processed
in Agisoft Photoscan software, and the resulting resolu-
tion was 3.01 cm/pix. The pictures were georeferenced
by means of GPS coordinates corresponding to the time
and place when the drone took the images. Ten GCP
ground control points were incorporated in the model,
and their coordinates were read from the CUZK website
(State Administration of Land Surveying and Cadastre).
The measurement error values for X, Y and Z axes are
only several centimetres.

The digital 3D-model was also used for a test calcu-
lation of the volume of excavated rock in suitable parts
of the site. Three compact segments of the mining field
I-III were chosen, where the elevation compared to the
original plain was clearly visible (Fig. 47). By doing so,
a geometric body representing a convex mining field can
be modelled. The ideal original relief (of a mining field)
was calculated to copy as much as possible the natural
landscape determined by the outer edges of the spoil-
banks. Based on the same points of reference, the cir-
cumferential sides of the modelled body were deter-
mined, and, thus, its lower surface could be calculated,
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and the body closed. The automatic volume calculation
was performed in Agisoft Photoscan software, and its re-
sults were verified by CloudCompare software. At most,
the calculations differed from each other in tenths of
a cubic metre. If the considered body cut concave shaft
orifices (such occurrence is indicated on the cross-sec-
tions below the connectors on the outer sides), their vol-
ume was automatically subtracted from the mass of the
above-ground segments (it is indicated on the cross-sec-
tions above the connectors on the outer sides of the
model). The calculation was the most satisfactory for
the segment I in the northern section of the spoil-bank
field M (parcel No. 219/1) and for segment II, which is
located in the middle section of the spoil-bank field O
(parcel No. 136/1, 136/2).

The use of publicly available aerial photographs on
the CUZK (State Administration of Land Surveying and
Cadastre) map server can also be considered, to some
extent, a method of remote sensing. For example, crop-
marks of nine settlement structures are clearly visible
in the 2018 images (Fig. 49), and they coincide with the
magnetically detected subsurface anomalies, as well as
the concentrations of pottery fragments (Fig. 9: B). The
metallurgical facility in area F, which was first detected
by magnetic prospection and subsequently verified by
trial excavations, were visible (or rather their soil-
marks) in the 2013 images. The pictures were taken
during ploughing (or sowing). There is a large dark soil
anomaly, caused by a significant concentration of char-
coals in the soil (Fig. 16), which roughly overlaps with
the area with the highest slag density (Fig. 15).

2.2. Magnetic prospecting

Magnetometry is the most suitable geophysical method
that can be used to locate shallow subsurface features.
When surveying mining areas associated with ore ex-
traction and metallurgical activities, the contrast detec-
tion of subsurface structures can be mainly affected by
the composition of processed ores, as iron minerals
(pyrite, arsenopyrite, pyrrhotite and possibly chalcopy-
rite) are practically always present in the ore obtained
from polymetallic mineralisation bodies. As the ores
present in the fillings of archaeological features have
been subject to weathering processes, secondary min-
erals such as hydroxides, sulphates, carbonates and
possibly also iron phosphates, were formed. These fer-
romagnetic minerals, thus, play an important role in
the magnetic detection of subsurface archaeological fea-
tures. In mining and metallurgical areas, the magne-
tograms also indicate the presence of furnaces as their
constructions consisting of stones and daubs (and parts
thereof) were exposed to high temperatures. Last but
not least, concentrations of metallurgical waste, i. e.
metallurgical and smithing slags, can also invoke the
anomalous magnetic values.

During the magnetic prospection, the area F (5.0 ha;
Fig. 9: F, plot No. 209/1) was surveyed in the seasons
2013 and 2014 using the fluxgate magnetometer
Forster Ferex 4.032 DLG, which was designed as a gra-
diometer for measuring the vertical gradient of the local
magnetic field, i. e. the differences in the vertical com-
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Fig. 7. 3D relief survey conducted by drone. Created
by Jiif Unger. — Obr. 7. 3D montdnni relief v aredlu
zamérteny dronem. Viytvoril Jifi Unger.

ponents of the magnetic field at two various elevations
from the surface. The vertical distance between both

sensors in each probe is 65 cm. The density of the mea-
sured points was 0.25 x 0.5 m. The mining settlements
near Vyskytna and at Cvilinek were also surveyed
by means of this magnetometer (Crkal et al. 2019,
887-923).

Fig. 8. Profiles of the historical min-
ing relief. Created by Jiti Unger. —
Obr. 8. Profily historickym montdn-
nim reliéfem. Vytvotil Jiti Unger.

The grassed area G (5.2 ha) located to the west of the
mines was surveyed in 2018 (Fig. 9: G, plot no. 222/2,
222/3, 222/4) using the fluxgate magnetometer LEA
MAX, which was also designed as a gradiometer equipped
with Foérster probes. At a frequency of hundreds of mea-
surements per second, it continuously records magnetic
field values with an accuracy of 0.1 nT/m and registers
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Fig. 9. Buchberg. A-E: Surveyed
areas with high concentrations of
pottery fragments. F=G: Magnetic
surveyed areas. J: Medieval and
early modern trails. L=T: Mining
fields. 1-9: Field anomalies on
the 1838 cadastral map, probably
shafts, today entirely re-cultivated.
Grey points: shafts attested on an
anonymous map from 19% century
(see Fig. 5). — Obr. 9. Buchberg.
A-E: Plochy povrchovych prospekct
s koncentracemi keramiky. F~G: Plo-
chy promérené magnetikou. J: Staré
Uvozy. L=T: DdIni aredly s relikty dsti
Sachet a s haldami. 1-9: pozemkové
anomalie dle Stabilniho katastru z roku
1838, hypoteticky rekultivované ddini
objekty. Sedé body: $achty podle
anonymni mapy z 19. stol. (vizobr. 5).

them synchronously together with the spatial informa-
tion obtained from a GNSS receiver. The density of the
measured points was 0.25 x 0.5 m. The data were
subsequently processed in the LEAD 2 software in order
to obtain an area magnetogram, later on, visualised in
ArcGIS Desktop 10.3 (Milo — Tencer 2018).

We have divided the magnetic anomalies into posi-
tive, negative and bipolar according to the measured
values. Archaeological subsurface features usually ap-
pear as slightly positive anomalies while geological
structures are displayed as significantly positive or
negative anomalies. Bipolar magnetic anomalies with
values between 100/-100 nT are mostly smaller and
usually represent recent metal items; however, in the
mining area, they can also indicate fragments of ores or
slags. A cluster of such anomalies was identified, for ex-
ample, in the northern part of area G (Fig. 9: G1) and
showed the same characteristics as the magnetic indi-
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cation of the slag dump (Hruby - Maly — Milo 2016, 402,
fig. 13). To achieve the most distinctive results of the
non-destructive methods, we combined the magnetic
survey with soil and crop mark analysis (Fig. 16 and
49), as well as with analytically processed surface col-
lecting of archaeometallurgical materials (Fig. 15).

2.3. Surface prospecting and survey

In the initial phase of the survey in autumn 2017, an
orthogonal network corresponding to the magnetic
prospection network from 2013 and 2014 was laid out
in areas B and F (Fig. 9: F). Altogether, 15 squares with
a side length of 30 m covered a total area of 13,500
sq. m (Fig. 15). Entire squares were initially sampled in
area B, i. e. in the field between the road and the forest,
but the considerable high density of pottery sherds and
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slags forced us to abandon this method for practical
reasons. A simplified and faster procedure was chosen
instead. The trajectories of collectors along the bound-
aries of squares were determined, first in the longitudi-
nal direction (SW-NE axis) and consecutively in the
transverse direction (NW-SE axis). Thus, the interpola-
tion and interpretation potential during later extrapo-
lation of the data from the lines to the area significantly
increased. Along these routes, collectings performed by
one single person focused separately on ceramics and
slags were carried out in strips 2 m wide. Initially, both
categories of finds were put in bags while still in their
original position; subsequently, for practical reasons (a
large number of finds), they were marked with two dif-
ferent spray paints. In the end, the points marked in
such a way with both groups of finds were surveyed
using GPS RTK Leica with an average maximum devia-
tion of up to 3 cm.

The measured data were processed in the ArcGIS en-
vironment by Nearest Neighbor interpolation (Burrough
1986) and Kriging (Ebdon 1985) methods, and their
results were almost identical. The Nearest Neighbour
method, with an interpolation square radius of 1 m
proved to be more suitable for visualisation. The ob-
tained values provided separate distribution spatial
data for slags (Fig. 15) and ceramics. The method appli-
cation is limited mainly due to the square size. It would
be almost impossible to use the method without prior
magnetic survey while maintaining such vast distances
between the trajectories of collectors. Moreover, we can
benefit from the fact that the trajectories can be sup-
plemented with RTK GPS in future surveys and, subse-
quently, the data interpolation can be updated. With
regard to the generally accepted method of surface
prospections (Kuna et al. 2004, 324-339), we can state
that sampling of large squares cannot confirm the pres-
ence of subsurface features, but can help determine the
character of the site. When combined with other data
layers, the surface collectings can provide the most
complete picture of the surveyed area. The spatial dis-
tribution of data was compared with the data layer of
subsurface magnetic anomalies. This approach con-
tributed to a more detailed understanding of the sub-
surface archaeological contexts and features, and at the
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Fig. 10. Panoramic photo depicting
deforested historical mining relief
taken by drone. Photo by Jiff Unger.
— Obr. 10. Panoramatické foto od-
lesnéného montdnniho reliéfu s Sach-
tami a haldami pofizené dronem.
Foto Jiff Unger.

same time, facilitated the selection of a site for the trial
excavations targeting the relics of metallurgical facili-
ties.

2.4. Limits of the application of metal detectors

Surface collectings were supplemented by metal detec-
tor prospection, which was raised by already obtained
metal finds discovered in other parts of the site in the
past by various prospectors (Figs. 35-38, 41-45). Areas
B, E, F were divided into working sectors according to
the plots and surveyed for approximately a similar pe-
riod. Three working groups moved in strips 1.5-2.5 m
wide, and subsequently at the discretion of the individ-
uals using Garrett ACE 250, XP-Gmaxx and Golden
Mask GM4PRO detectors.

The Garrett ACE 250 device is a digital detector with
a 9 x 12" PRO caoil suitable for work at greater depths.
It operates at 6.5 kHz frequency and has several pro-
grammes for searching for all targets (all metal), non-
ferrous metals (jewellery, coins), iron artefacts (relics),
etc. Its disadvantages include a rather slow response to
the signal, low distinction of ferromagnetic artefacts and
especially the built-in discrimination, which allows move-
ment in different environments. However, they cannot be
regulated according to soil conditions in order to gain the
highest possible depth range.

The XP-Gmaxx (XP Metal detectors) device is a fully
adjustable analogue detector. With a standard DD coil
of 22.5 cm and a frequency of 4.6 kHz, it is a stable de-
vice for all conditions and is ideal for searching for fer-
romagnetic finds and targets at greater depths; it is,
however, less suitable for tracing small items.

The Golden Mask GM4PRO differs in its modern de-
sign of a 12" (30 cm) 2D coil with a higher operating fre-
quency of 18 kHz. Thus, it achieves a swift response to
the smallest targets and has precise discrimination. It
also has a considerable depth range. Its disadvantages
include the signal interference near power lines, WI-FI
networks, etc., as well as its instability on soils with
high mineralisation, and the permanent presence of
disturbing sounds that cannot be debugged.
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Fig. 11. Details of panoramic photo
depicting deforested historical min-
ing relief taken by drone. Photo by Jiff
Unger. — Obr. T1. Detailni foto od-
lesnéného montdnniho reliéfu s $ach-
tami a haldami pofizené dronem.
Foto Jiff Unger.

Fig. 12. Details of panoramic photo
depicting deforested historical min-
ing relief taken by drone. Photo by Jif
Unger. — Obr. 12. Detailni foto od-
lesnéného montdnniho reliéfu s Sach-
tami a haldami pofizené dronem.
Foto Jiff Unger.

Metal detector prospection proved to be problematic
in effectiveness concerning XP and Goldenmask detec-
tors with fixed parameter settings. Its effectiveness was
hindered by the widespread occurrence of slags includ-
ing metal phases, and such response could not be de-
bugged. Paradoxically, the best finds were found with
the Garrett beginner’s device, which was the oldest of
the detectors used and had no soil tuning. Thus, we
found, for example, both belt ends and other finds (Fig.
44:7, 8).

2.5. Analytics of archaeometallurgical
and anthracological material

Slags (Figs. 26-29; Tabs. 1 and 2): Based on the relevant
physical properties (porosity, morphology, colour, aggre-
gate density), a representative group of samples was se-
lected representing 5-10% of the entire assemblage. The
elemental composition of samples was determined with
a hand-held XRF analyser (pXRF - portable X-ray fluo-
rescence). Selected representative samples were sub-
jected to further examination based on the results. Such
phased selection process allows describing large assem-
blages of archaeometallurgical material with minimal
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loss of informative value while maintaining the selection
representativeness. Combined with archaeometric ana-
lytics, time, and resources can be saved significantly.
The elemental composition of slags was initially deter-
mined by X-ray fluorescence using a Delta Professional
hand-held spectrometer in Geochem mode and with
a measurement time of 120 seconds (Department of Ar-
chaeology and Museology, Faculty of Arts, Masaryk Uni-
versity, analyst M. KmoS&ek). Altogether, 243 measure-
ments were performed on fresh fracture surfaces of the
samples. By using this approach, it is possible to provide
fast and economic analyses of vast sets, already during
fieldwork. In comparison with desktop XRF analysers
or more advanced analytical methods (NAA, AAS), the
hand-held XRF analysers suffer from the lower level of
accuracy and higher detection limits. The water content,
usually ranging from O to a few percentages by weight
per slag, significantly affects the measurement accuracy
of the elemental composition. The porosity and inhomo-
geneity of slags, as well as light-elements that cannot be
determined by the device, represent other issues. Fi-
nally, the different valencies and, thus, the different oxy-
gen content, especially in compounds with iron (FeO,
Fe,03, Fe;0,4, FeOOH, etc.), also challenge the measure-
ment accuracy.
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sample 2

sample 6

sample 8

Fig. 13. Ore samples from Buchberg (by Karel Maly). Sample 2 and 6:
Galena and sphalerite in the siliceous altered rock. Sample 8: Mg-Fe carbon-
ate with sphalerite and minority pyrite. Photo by Karel Maly. — Obr. 13. Vzorky
rudniny z aredlu Buchberg (sbirka Karel Maly). 2 a 6: galenit a sfaleryt
v prokiemenélé alterované horniné. 8: Mg-Fe karbondty se sfaleritem a mi-
noritné pyritem. Foto Karel Maly.

The device determines the qualitative and quantita-
tive representation of elements automatically without
the possibility to process further the measured spectra
(Nicholas — Manti 2014). Any differences in the slag ele-
ment contents can be rendered as possible errors if they
are not really significant.

The magnetic susceptibility of slags was determined
with a KP-5 hand cappameter (Geophysics Brno). Stan-
dard slag thin and polished sections were prepared and
studied using an Olympus BX40 optical microscope. The
polished sections were subsequently studied in an elec-
tron microscope with an EDX analyser (analyst K. Maly).
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Spherules and scalings (Figs. 30 and 31; Tab. 3): Soil
samples containing a high portion of scalings were
taken from the filling of sunken parts of the furnaces.
The scalings were separated from the soil by using gold
pans similar to the so-called Chinese hats. The heavy
phase concentrate was subsequently separated from
the remaining light phase in bromoform (measured den-
sity 2.9 g/cubic cm). Heavy minerals obtained in such
a way were examined under an optical microscope. Fur-
thermore, manually separated samples were examined
in an electron microscope and after preparation of their
polished sections in the form of epoxy tablets in a scan-
ning electron microscope JEOL JSM-6490LV with
connected EDX analyser of Oxford Instruments with
accelerating voltage of 15 kV (Institute of Geological
Sciences, Faculty of Science, Masaryk University, Brno,
analyst J. Stelcl).

Non-ferrous metal ingots (Figs. 32-36; Tabs. 4-8):
An area of approximately 1 sq. cm was mechanically
cleaned on the ingots from oxidation products. They
were analysed using a hand-held XRF spectrometer
Olympus Delta or Olympus Vanta in the mode for the
analysis of metals and alloys, with an accelerating volt-
age of 40 or 50 kV and an ED spectrum reading time
reaching 30 s.

Charcoal from furnace fillings and their working envi-
ronment (Tab. 10; Diagram 1): An unsorted and un-
flushed sample of charcoals (ca. 3 1, 420.6895 g) from
feature 0503 in trench 2/2018 was subjected to an an-
thracological analysis. The sample comes from layout
0108, which also contained a considerable amount of
slags. The charcoal fragments were analysed using
a light microscope adapted for observation in incident
light (episcopal microscope). After gaining new fracture
surfaces (transverse, radial and tangential fractures),
the charcoals were viewed directly at 50x, 100x and
200x magnification.

3. 2018 and 2019 fieldwork seasons

3.1. Excavation of relics of metallurgical facilities
in trench 2/2018

The metallurgical complex subject to prospecting and
consequent trial fieldwork is located to the east of the
central shaft zone on a field in the Hesovslé louky par-
cel (parcel No. 209/1; GPS coordinates N 49.5843714:
E 15.7058454, Krovak coordinates Y 658317.93:
X 1110316.51). It was detected on the orthophoto map
from 2013 as a soil mark with dark areas formed by
a distinct admixture of charcoals (Fig. 16) forming the
upper parts of the fillings of subsurface relics of met-
allurgical facilities. The altitude is about 500 m above
sea level.

An area of small-scale anomalies of high values was
detected there by the geomagnetic survey. The anoma-
lies were arranged in a continuous double line running
in the SW-NE direction and can be interpreted as a bat-
tery of about twenty furnaces in two rows (Fig. 9: F). This
facility measuring approximately 8 x 50 m could be
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fenced off; the probable fence can be seen on the mag-
netogram as a line anomaly (Fig. 15). The analytically
evaluated surface collectings corroborated the presence
of enormous concentrations of slags there, which coin-
cide with the extension of soil marks. This area also con-
tained numerous pieces of lead ingots (Fig. 34). Archae-
ological trenches distributed over this area were to
corroborate the presumed subsurface relics of metallur-
gical facilities. The 2/2018 trench fully met this goal,
initially measuring 1.6 x 7 m, which was later on
widened by 114 cm on its north side (Figs. 17-21A, 21B).

Topsoil, overburden and subsoil layers, and mar-
ginal features (0101-0105, 0109, 0505): Topsoil (0101)
contained fragments of pottery, slags and charcoals
corresponding to the soil marks visible on the or-
thophotos from 2013 (Fig. 16). Layers 0102 and 0103
corroborate the fact that recent agricultural activities
have been disturbing the fillings of medieval archaeo-
metallurgical structures. This level also contained
a shallow circular pit 0500 with filling 0105, measur-
ing 38-40 cm in diameter, with a depth of 15 cm (Fig.
17: level 1).

A complex of features 0501, 0506, 0508 and 0509
containing evidence of metallurgical activities: A rela-
tively shallow but extensive feature 0501 with a flat bot-
tom containing components of metallurgical activities
formed the dominant element (Figs. 17-22). In the west-
ern part of the complex, the terrain was lowered by
20 cm in the form of the feature 0506. A smaller oval
pit 0509, measuring 35 x 30 cm, with traces indicating
high temperatures and fire, was discovered at its edge.
The feature was filled with the layout 0130 containing
a significant charcoal (Fig. 24). It can be interpreted as
a smaller pit furnace (perhaps a crucible furnace?);
however, it is also possible that this feature is not a met-
allurgical facility at all. After extending the trench, the
feature 0508, with a diameter of 170 cm, was identified
in the northern part of the complex. It was also lowered
by 40 cm compared to the bottom of the structure 0501
in the same way as the feature 0506 (Figs. 18: level 6;
19 and 20).

Feature 0502 containing evidence of metallurgical ac-
tivities: It was a relatively shallow feature measuring ap-
proximately 190 x 190 cm. In the upper part of its fill-
ing, there was a blacksmith’s hearth of a circular shape
(0900), with a diameter of 55-58 cm, built of stones and
especially slags (Figs. 19 and 22). The heath was di-
rectly connected with the accumulation of stones 0901,
which could be a remnant of the heath structure or an-
other part of the smithy.

Feature 0503 containing evidence of metallurgical ac-
tivities: It was a circular feature with a diameter of
120 cm that was dug to the weathered rock outcrops
(with the depth of 58 cm). The upper part of its filling
consists of the layout 0108 with a significant admixture
of slags and charcoal, which was sampled for anthra-
cological analysis (Tab. 10; Diagram 1). At this level, the
feature was filled with stones that may come from a de-
stroyed furnace. The stones did not show, however, any
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Fig. 14. Microscopic ore samples. 1: Pyrite. Cut, Nicol prism 1, Underside of
the sample 3 mm. 2: Galena and arsenopyrite. Cut, Nicol prism 1, Underside
of the sample 1.2 mm. 3: Galena, pyrite, sphalerite with inclusions of the chal-
copyrite and pyrhotine in the quartz (dark). Cut. Nicol prism 1, Underside of
the sample 1.2 mm. Photo by Jaroslav Kapusta. — Obr. 14. Vzorky rud pod
mikroskopem. 1: pyrit, ndbrus, jeden nikol, spodni strana zdbéru 3 mm. 2: ga-
lenit a arsenopyrirt, ndbrus, jeden nikol, spodni strana zdbéru 1,2 mm. 3: ga-
lenit, pyrit, sfalerit s inkluzemi chakopyritu a pyrhotinu, kfemen, ndbrus, jeden
nikol, spodni strana zdbéru 1,2 mm. Foto Jaroslav Kapusta.

discolouration or surface damage that would be indica-
tive of high heat (Figs. 17: level 3; 23). Compared to the
features 0501 and 0502, this structure appears to be
stratigraphically later.

Archaeometallurgical structures detected as fea-
tures 0501, 0502, 0503, 0506, 0508 and 0509 show
characteristics indicating their approximately simulta-
neous establishment and short existence, despite their
stratigraphic sequence. The pottery assemblage con-
tains specimens belonging to the earliest and middle
horizons (Figs. 39: 4, 5; 40). The final phase of the ex-
istence of this part of the metallurgical district can be
dated by a silver parvus of John of Luxembourg (1310-
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Fig. 15. Metallurgical
area surveyed by mag-
netic prospection and
sampled (slags and
pottery) including exca-
vated trenches 2 and 4.
— Obr. 15. Pldn meta-
lurgického aredlu pro-
mérfeného magnetikou
a podrobeného syste-
matické sbérové pro-
spekci (strusky a kera-
mika). Vyneseny sondy
2a4.

density of slags m’
[Jo-2
s

[ sampled area

[ ditch/channel

I ritishaft

[ metallurgical facilities
B settlement structure

80 100 m

Fig. 16. Comparison of the mag-
netic survey and soil indicators
(maps from the Geoserver CUZK) in
the prospected metallurgical area F.
— Fig. 16. Magnetickou prospekci
zjistény metalurgicky aredl F na
leteckém snimku s vyraznou padni

[ ditchichannel
I ritvshatt

[ metallurgical facilities
I sctement structure
z peci a zjejich okoli (mapa prevzata
z geoserveru CUZK).
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Fig. 17. Trench 2/2018, levels 1-3. Photo by Martin Ko$tdl. — Obr. 17. Sonda 2/2018, droveri 1-3. Foto Martin Kostdl.

1346), which was found in the feature 0501 (layout
0106; Fig. 45: 5). The immediate vicinity does not show
any traces of buildings or even residential structures.
The layers were exclusively of a technogenic character
(furnace debris, furnace fuels, metallurgical and oper-
ational waste). The absence of fragments of fired clay
daubs and other binding material is essential as their
presence would be expected around furnaces built of
stones.

3.2. Trench 4/2018 and trial excavation located
at the foot of the cumulus field relic H
(2019)

The trench 4/2018 was laid in with the objective to
corroborate the assumption whether the metallurgical
area was fenced off or not, as can be seen on the sur-
face magnetogram (Fig. 15). This sondage discovered
the features 0504 (with fillings 0117, 0118 and 0121)
and 0505 (with fillings 0115 and 0122). The trench
located at the foot of the cumulus field relic H (par-
cel Nos. 145/1 and 209/7; excavation season 2019)

should verify the presence of a presumed ditch, which
would confirm the assumption that this relic is, in
fact, a small wood-and-earth fortification of the motte
type. The trench, however, did not contain a trace of
either ditch or any archaeological subsurface struc-
tures.

4. Archaeometallurgical material

4.1. Slags with a higher iron content

Slags can be found in the entire area of the site. How-
ever, their most numerous occurrence concentrates in
area F. Surface collectings, as well as fieldwork, pro-
vided 65 kilograms of slags, counting several hundreds
of pieces. The majority of slags comes from the fillings
of the features 0502 and 0503, where they formed con-
tinuous horizons (Figs. 20, 22 and 23). The slag size
ranges from fractions of cm to a maximum of approxi-
mately 15 cm. The finds mostly comprise fragments of
irregular shape, but bowl-shaped (plano-convex) “whole
units” up to 10 cm in diameter are also commonly rep-
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level 5

level 6

Fig. 18. Trench 2/2018, levels 4—6. Photo by Martin Ko$tdl. — Obr. 18. Sonda 2/2018, droveri 4—6. Foto Martin Kostdl.

resented (Figs. 26 and 27). In addition to slags, which
cannot be unambiguously classified and comprise the
majority of the assemblage, two significantly different
types of slags can be distinguished macroscopically:
Type 1 (Figs. 26, 27; 28: 2, 3, 6, 12; Tab. 1): Slags
with a brown, brown-black or brown-grey coloured sur-
face, which is usually very broken and irregular. When
fractured, they have grey or black colour, at most with

a greasy lustre, are strongly porous and usually with
a high portion of charcoals. Most often, these slags have
a plano-convex shape. This slag type had also been at-
tested during archaeological fieldwork in the Cvilinek
area and by prospecting near Vyskytnd in the Pelhfimov
region (Hruby et al. 2012, 375, Fig. 72: 2-3; Hruby
2019, 142, Fig. 108: 4-6). It is also known from the min-
ing site near Opatov to the north-west of Jihlava (Hruby

Sample |Fig.No.| LE Fe Si Al Mg Mn Ca P S

S 001 28:1 | 2417 | 4749 | 1499 | 629 | 255 | 01259 | 1,0939 | 1,575 | 0,4765 | 0,2162

$ 002 28:2 | 2162 | 6029 | 949 | 406 | <LOD | 0,1184 | 0,5521 | 1,008 | 0,463 | <LOD Tab. 1. Elemental composition of slags,

s 17 28:12 | 3425 | 72 | 1298 | 636 | 196 | 004250625 |05928 | 09347 | 01657 Type 1 (PXRF, %). Measured by Matéj Kmo-
Sek. — Tab. 1. Prvkové sloZeni strusek typu 1

s 181 - | 4033 | 4228 | 827 | 388 | 172 | 00783 | 04757 | 06333 | 1,0564 | 01257 (DXRE 9%). Méfil Matsj Kmodek
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B stones
- slags

B stones
- slags s

Fig. 20. Profile drawing of the trench 2/2018. Drawing by Petr Hruby. — Obr. 20. Vykres fez( v sondé 2/2018. Viykres Petr Hruby.

2019, 142, Fig. 108: 2-3), Jihlava (Hruby 2019, 142,
Fig. 108: 7), the site of Kremsiger in the Ore Mountains
(Derner 2018, 300, Fig. 237), or from the Saxon site of
Treppenhauer (Schwabenicky 2009, 154). Some more
distant analogies include the Schauinsland mining com-
plex in the Schwarzwald (StraSburger 2015, Taf. 123-
129) or the metallurgical site of Johanneser Kurhaus in
the Harz, where the slags are described as heterogene
Schlacken mit niedrigem Blei- und hohem Eisengehalt
(Alper 2003, 322-327).

Type 2 (Figs. 28: 4, 5, 7, 9-11, 13; 29; Tab. 2): Slags
with a usually grey or black coloured surface, some-

times containing greenish or blueish glassy sections.
Small blue-green glassy fragments were also found sep-
arately. These slags are not bowl-shaped (plano-con-
vex). Fluid structures is sometimes visible on the glassy
parts. The glassy slags are only slightly porous and do
not contain charcoals.

Both slag types show an increased magnetic suscep-
tibility. The average value reaches 13.5 SI units, the
highest value (77 SI units) was attested in a bowl-
shaped unit. Magnetic susceptibility of the type 2 slags
is less than 10 SI units. The slags are mainly com-
posed of glass, fayalite (in the characteristically lamellar

Sample |Fig.No.| LE Fe Si Al Mg Mn K Ca P S
S 006 28:10 | 43,35 | 51174 | 32,78 | 727 1,61 | 0,1634 | 2,3904 | 6,6857 | 0,201 | <LOD
S 041 28:11 | 4652 | 7008 | 2508 | 539 | 201 | 02867 | 28435 | 10,09 | 03384 | <LOD
Tab. 2. Elemental composition Of.S/UQS' S 072 28:7 | 3894 | 5966 | 2724 | 722 2,82 | 0,3428 | 3,0501 | 13,27 | 0,5796 |0,1017
gie _2 ;ZTZ. ?&éﬂ?ﬁ}é’j&% rﬁag?tfpflnjoz’ s 084 28:13 | 5948 | 6,0891 | 24,556 | 546 | <LOD | 0,291 | 2,2456 | 1,2076 | 0,2278 | 0,0765
(DXRE 9%). Ml Matej Kmogek S 137 - 51,87 | 40977 | 32 656 | 1,06 | 01184 | 2,2356 | 0,8979 | 0,434 | <LOD
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Fig. 21A. Photo of the trench 2/2018
in the initial phase of fieldwork. Photo
by Petr Hruby. — Obr. 21A. Foto
sondy 2/2018 v pocdtecni fdzi od-
kryvu. Foto Petr Hruby.

Fig. 21B. Photo of the trench 2/2018
in almost final phase of fieldwork.
Photo by Petr Hruby. — Obr. 21B.
Foto sondy 2/2018 v zdvérecné fazi
odkryvu. Foto Petr Hruby.

Fig. 22. Detailed photo of the forge excavated
in the trench 2/2018. Photo by Petr Hruby. —
Obr. 22. Detailni foto reliktu vyhné v sondé

2/2018. Foto Petr Hruby.

crystals) and wtustite; they commonly contain char-
coals, quartz grains (cracked and partially melted), as
well as secondarily created limonite, which fills pores
and cracks. Pure iron is a slight but frequent mass ad-
mixture in slags, creating inclusions of circular to oval
diameter, with a size of about 0.X mm, in slags of both
types. It can also form irregularly shaped aggregates up
to 0.5 cm, which occurs in the type 1 slags. Fe-S and
Cu-Fe-S inclusions have been occasionally attested mi-
croscopically.

4.2. Slags attesting the metallurgy
of polymetallic ores

Although several dozens of slag samples from the
entire area were analysed using a cappameter and
a hand-held XRF analyser, we have not been able to
determine any significant amount of slags that could
be demonstrably related to the metallurgy of poly-
metallic ores. Such slags are characterised by their
macroscopic appearance (they are black and glassy),
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Fig. 23. Detailed photo of the stratigraphy 0r
in the feature 0503. Photo by Jiti Unger. —
Obr. 23. Detailni foto stratigrafie objektu
0503 v sondé 2/2018. Foto Jiff Unger. E.

50 cmt

100

0 10 15 20 cm

Fig. 24. Detailed photo of the feature 0130, probably metallurgical facility.
Photo and drawing by Petr Hruby. — Obr. 24. Detailni foto a vykres pravde-
podobné picky 0130. Foto a vykres Petr Hruby.

physical (including low magnetic susceptibility), and
chemical properties (Janickovd — Dolnicek — Maly
2012; Kapusta — Dolnicek — Maly 2012; 2013; 2015;
Kapusta et al. 2014; 2017). Slags with properties
corresponding to the metallurgy of polymetallic ores
were found only rarely and could be, in fact, brought
to the site.

333-384

4.3. Spherules and scalings

Scalings and spherules were found in the feature 0503
(layout 0108); the sediment was characterised by a sub-
stantial admixture of charcoals and slags. At its level,
the feature 0503 was filled with stones that may have
come from the destroyed furnace construction; even
though the stones did not show any discolouration or
molten surface indicating exposure to high tempera-
tures (Figs. 17: level 3; 21).

High-density phases were separated from the soil
sample that had been obtained from the trench (Fig. 30:
1). Apparently anthropogenic, ferromagnetic particles of
two different morphological types predominate: 1) Flat,
crenellated particles, hereinafter referred to as “scal-
ings”; and 2) Globular or spherical particles, hereinafter
referred to as “spherules”. These ferromagnetic particles
constitute approximately 1-2 wt. % in the soil sample;
however, they represent over 99 wt. % of the separated
heavy fraction.

The scalings are flat, with the scale size of 0.X mm;
the largest are up to 1.5 mm long (Fig. 30: 5). They sig-
nificantly predominate the spherules in the ferromag-
netic fraction. On the surface, they are matt to glossy,
and sometimes glassy smooth with a transition to
a metallic lustre. According to EDX analyses, the scal-
ings comprise mainly of wiistite (FeO). According to the
stoichiometric Fe/O ratios, part of the wiistite meta-
morphosed to magnetite (Fe3O4) or hematite (Fe,Os).
Glass is another essential phase, while quartz is repre-
sented only rarely (Tab. 3).

Phase | Spherule 1 | Spherule 2 | Spherule 3 | Spherule 4 Flake
Na,0 0,00 0,45 0,00 0,00 0,00
Mgo 8,41 0,39 0,00 0,42 0,00
AlLO, 24,29 0,00 0,00 2,48 2,73
SiOz 40,11 2,27 6,15 1714 4,01
P,0, 0,00 1,65 175 0,00 0,00
K,0 2,83 2,19 0,64 0,79 0,45
Ca0 0,69 1,58 1,83 1,27 0,00
FeO 23,67 91,46 89,63 77,90 92,81

Tab. 3. Representative analytics of the spherules and flakes (EDX, weight %,
re-calculated to 100%). Measured by Karel Maly. — Tab. 3. Analyzy sférulf
a okuji (EDX, hm. %, piepoditdno na 100 %). Méfil Karel Maly.
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Fig. 25. 1: A stone-built furnace with an open
hearth. lllustration from the first half of the 16%
century taken from the so-called Annaberg
Altar in the Church of St. Anna in the mining
town of Annaberg in Ore Mountains, Saxony.
2: Smelting of polymetallic ores in a furnace
with hand-operated bellows, around 1500,
depicted in the so-called Kutnd Hora lllumina-
tion (Studnickovd — Purs 2010, 82-83). —
Obr. 25. 1: Z kamene stavénd hutnickd pec
s otevienou vypusti na tzv. Annaberském oltdri
z prvni poloviny 13. stoleti, Annaberg, Krusné
Hory, Sasko. 2: Tavba polymetalickych rud
v peci s ru¢nimi méchy okolo roku 1500 na
jednom z kutnohorskych hudebnich rukopisti
(Studnickova — Pur$ 2010, 82-83).

0 5 10

cm

Fig. 26. Smithy slag from surface survey between area A and B (parcel No.
131/15). Photo by Petr Hruby. — Obr. 26. Kovdrské strusky z povrchovych
sbérd na plochdch A a B (pp¢. 131/15). Foto Petr Hruby.

On average, the spherules measure 0.3 mm, with
the largest diameter of 0.95 mm. Most often, they are
globular, sometimes less regular, but always close to
a sphere or ellipsoid (Figs. 30: 2, 3, 4, 7; 31). All anal-
ysed spherules were hollow inside or contained pores.
It probably affects their low density and, thus, the ob-
served small proportion of spherules in the heavy
phase. Their surface is matte black, less often glassy,
and very rarely brown. According to EDX analyses,
wiistite predominates in the majority of spherules; its
skeletal aggregates are characteristic. Magnetite, glass
and quartz are less frequently represented (Tab. 3).

4.4. Lead ingots

The survey conducted in areas A, B, E, and F provided
a set of more than 80 lead ingots. They share the same
main property as they do not have a deliberate artefac-
tual shape (Figs. 32-34). Two irregularly pyramidal
pieces with rounded edges, which may be the remnants
of lead casting into moulds, are, therefore, very inter-
esting (Figs. 32: 3 and 4).

These lead objects form part of the standard ar-
chaeometallurgical material: they have been found dur-

Fig. 27. Smithy slag from the excavated feature 0503, layout 0108. Analysed
by Karel Maly. Photo by Petr Hruby. — Obr. 27. Kovdiskd struska z objektu
0503, vrstva 0108. Analyzoval Karel Maly. Foto Petr Hruby.

ing archaeological research in Jihlava (Hruby 2011,
141, Fig. 155), at the Cvilinek site (Hruby et al. 2012,
373, 376-377, 378, Fig. 86), and during metal detector
survey at Vyskytna in the Pelhfimov region (Hruby
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Fig. 28. Various types of slags from
the excavated features 0502—0503.
1: S (sample) 001, 2: 5002, 3:S 105,
4:5016,5:5112,6:5 137 7: S 072,
8: 5110, 9: S 013, 10: S 006, 11:
S 041, 12:S 117, 13: S 084. Photo by
Maté Kmosek. — Obr. 28. Rizné typy
strusek ze zkoumanych objekt’ 0502
az 0503. 1: S (vzorek) 001, 2: S 002,
3:51705,4:5016,5:5 112, 6:5 137,
7:5072,8:5110,9:5013, 10:S 006,
11: S 041, 12: S 117, 13: S 084. Foto
Matéj Kmosek.

Fig. 29. Microscopic photos of the
analysed slags. 1: Slag type 2. Flu-
idal glass structure. Underside of the
sample 2 mm. 2: Slag type 2. Cut,
Nicol prism 1. Underside of the sam-
ple 0.35 mm. Photo by Karel Maly. —
Obr. 29. Vzorky strusek pod mikro-
skopem. 1: struska typu 2, fluidni
sklovitd struktura, spodni strana zd-
béru 2 mm. 2: struska typu 2, nd-
brus, jeden nikol, spodni strana zd-
béru 0,35 mm. Foto Karel Maly.

2019, 146, Fig. 110: 27-38). A disc-shaped ingot of al-
most pure lead from Koje¢in can also be mentioned
(Hruby et al. 2019, 965, obr. 17: 2). Recently, such finds
were obtained during metal detector survey conducted
near Opatov, located to the north-west of Jihlava, and
near Cejkov in the Pelhfimov region (unpublished sur-
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veys conducted by the Department of Archaeology and
Museology, Faculty of Arts, Masaryk University and the
Institute of Archaeology of the Czech Academy of Scien-
ces, Prague in 2019).

Lead ingots are, however, well known from many
other medieval mining and metallurgical centres in
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Fig. 31. Spherule separated from iron flakes (feature 0503, layout 0108). Light
skelletic crystals are the wuestite in glass. Dark: poruses and caverns. Reflected
electron visualising displays the phase composition. Electron microscope, BSE.
Photo by Jiti Stelcl. — Obr. 31. Sférule, object 0503, vrstva 0108. Svétld: ko-
strovité krystaly wiistitu ve skle. Tmavd: dutiny a pdry. Elektronovy mikroskop,
BSE. Foto Jiff Stelcl.

Europe. An example is the site of Dabrowa Goérnicza -
Losien near Katowice from the 12% century (Rozmus —
Rybalk — Bodnar 2005, 24-25). An irregularly cast lead
ingot was found at the Brandes en Oisans site in the
French Alps (Bailly-Maitre 2002, 134-136; Bourgarit
2008). Lead drips and ingots have been found on the
Treppenhauer hill in the Saxon part of the Podkrusno-

333-384

Fig. 30. Smithy flakes from
the feature 0503, layout
0108. 1: Field photo taken
during excavation. Photo
Petr Hruby. 2-4, 7: Sphe-
rule, electron microscope,
BSE. Photo Jitf Stelcl. 5, 6:
Smithy flake, electron mi-
croscope, BSE. Photo by Jif
Stelcl. — Obr. 30. Okuje
z objektu 0503, vrstva 0108.
1: terénni foto pofizené pii
exkavaci Petr Hruby. 2-4, 7:
stérule, elektronovy mikro-
skop, BSE. Foto Jifi Stelcl.
5, 6: okuje, elektronovy mi-
kroskop, BSE. Foto Jiti Stelcl.
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200pm

15KV X140  100pm

I &
'i“‘-"\.
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hoti (the foothills) region (Schwabenicky 2009, 138-
140, 149-150). An assemblage of lead ingots dating to
the 12™ and 13" centuries also comes from the Johan-
neser Kurhaus site in the Harz (Alper 2003, 310-317).
The approximately 14 cm long lead object was also
found in the Altenberg mining centre in the Siegerland
(Weisgerber 1998, 71, 73). From Bohemia, we can name
the finds from the area Stfibrnik nearby Planicka in the
Horazdovice region (Cerveny 2007, 119).

The silver content in the analysed ingots from Cvilinek
and Jihlava reaches 1-23 ppm, i. e. we can speak of the
so-called non-argentiferous lead. There is only one ex-
ample — a drip, found in Staré Hory containing 0.23%
of silver (Hruby 2011, 141, Fig. 155; 138-141).

4.5. Cupriferous and tin ingots

A set of other metal items without a deliberate artefac-
tual shape was also found in the defunct mining centre
at Buchberg (Fig. 36). These finds were obtained in the
course of the surface survey using metal detectors, just
like the lead ingots. Such a circumstance must be taken
into account when critically evaluating these finds, but
their connection with the medieval life of the centre is
more than probable. In general, three material groups
can be distinguished:

Cu-Sn alloys (Inv. Nos. Bu 24, Bu 55, Bu 49, Fig. 36:
1-5, 7, 9; Tab. 5): Finds discovered in areas A and B,
which were analysed using an XRF spectrometer on
their cleaned surface. It comprises bronze mass with
a proportion of lead amounting to 1.51-2.05%. In two
cases, silver of up to 0.13% was detected.

Cu-Pb alloys (Inv. Nos. Bu 19, Bu 54; Fig. 36: 6;
Tab. 6): Finds discovered in areas A and B. XRF mea-
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Fig. 32. Lead objects from the prospected area B and F at the site of Buchberg. Photo by Petr Hruby. — Obr. 32. Olovéné slitky a tkapky ze sbéri na plochdch

B a F. Foto Petr Hruby.

surements that were taken on the cleaned surface de-
termined the proportion of silver amounting to 2% in
both artefacts.

Sn alloy (Inv. No. Bu 43, Fig. 36: 8; Tab. 7): 1t is the
only item cast in an intentional mould. It was found in
the southern part of area D.

More or less similar finds can be found in several
contemporary mining centres in Europe. An object

made of an alloy of copper and tin is known from the
Staré Hory dislocation zone in Jihlava (Hruby 2011,
140, 141). Traces of copper and brass casting were also
detected in the Treppenhauer mining settlement in the
Saxon part of the Podkrusnohoii (the foothills) region
(Schwabenicky 2009, 150-153). Three finds made of an
alloy of nickel and arsenic were found at the site of
Kremsiger, located at the Czech side of Ore Mountains,
showing traces of cutting off, as well as a flat copper
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Fig. 33. Lead objects from the prospected area B and F at the site of Buchberg. Photo by Petr Hruby. — Obr. 33. Olovéné slitky a ukapky ze sbérd na plochdch B
a F. Foto Petr Hruby.

casting with cobalt admixture, which may be related to
metal casting or assaying (Derner 2017, 108-110). Evi-
dence of copper processing in the form of crucibles and
fragments of melting-pots, shards with molten bronze
mass or a casting mould were also found in the area of

the deserted town at the site of Selkanka located at the
confluence of the Sazava and Vltava rivers, corroborat-
ing its connections with gold exploitation (Richter 1982,
169, Fig. 115: 1-4; 170, Fig. 116; 173, Fig. 119: 2-3;
210, Fig. 149; 212; 213, Fig. 151; 214).
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Fig. 34. Lead objects from the prospected area B and F at the site of Buchberg. Photo by Petr Hruby. — Obr. 34. Olovéné slitky a ukapky ze sbérd na plochdch

B a F. Foto Petr Hruby.

10 mm

Fig. 35. Silver object (Inv. No. Bu 29), weight 4.67 g. Photo by Pavla Sta-
rastkovd. — Obr. 35. Stiibrny pecickovity slitek (i. ¢ Bu 29), hmotnost 4,67 g.
Foto Pavla Stardstkovd.

4.6. Silver ingots/hacksilver in the context
of the mining sites in Bohemia

A small silver ingot/globule weighing 4.671 g (Fig. 35;
Inv. No. Bu 29) was found during prospecting the area A
(plot No. 131/15). The elemental composition by XRF
analysis is Ag 94.50%; Pb 3.41%; Cu 2.00%; traces
of Bi and Au (Tab. 6). The closest analogy is a silver
ingot/globule weighing 4.45 g found during prospecting
near the church of St. Catherine in the nearby Stfibrné
Hory, is usually associated with the site of Herliwinberg —
another historical mining centre of the Havlicktiv Brod
region. According to XRF analysis, its elemental compo-
sition is Ag 86.68%; Sn 10.76%; Pb 2.22%; Cu 0.19%;
Au 0.09%; As 0.03%; Zn 0.01% (Havlicek 2018, 43, 45).
Another flat and elongated silver ingot, weighting before
the XRF analysis 36.025 g, also comes from Jihlava. Its
elemental composition by XRF analysis is Ag 90.89%;
Pb 8.52%; Fe 0.37% and Bi 0.21% (Hruby 2011, Tab. 5).
A silver object of about 900/1000 purity weighing 1.5 g
was found in the course of prospecting conducted by the
Academy of Sciences of the Czech Republic in Brno at the
site of Havirna (Hruby 2019, Fig. 112: 8).
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Fig. 36. Non-ferrous alloy objects. 1: Inv. No. Bu 54, 2-3: unspecified. 4: Inv. No. Bu 55, 5: Inv. No. Bu 29, 6: Inv. No. Bu 19, 7: Inv. No. Bu 24, 8: Inv. No. Bu 43,
9: Inv. No. Bu 49 (see Tabs. 5-7). Photo by Petr Hruby. — Obr. 36. Predméty ze slitin barevnych kovd. 1:i. ¢ Bu 54. 2-3: bez ¢isla. 4:i. & Bu 55, 5: 1. ¢ Bu 29,
6:1.CBu 19, 7:i. ¢ Bu 24, 8:i. ¢ Bu 43, 9:i. ¢ Bu 49 (viz Tab. 5-7). Foto Petr Hruby.

5. Other types of material culture

5.1. Pottery

The first surface prospectings of pottery were con-
ducted between 1981 and 1998 (Rous 1998a; 1998b).
A total of 2,887 pottery fragments were obtained during
this survey phase; they were primarily assessed by
Pavel Rous (2001a, 72, Fig. 7; 80-81, Fig. 8-9). Part of
the pottery was also found on heaps and dumps (Fig.
39: 1). Trial excavations in 2018 focusing on the met-
allurgical complex provided a set of only about three
dozens of pottery fragments, and their quality does not,
in fact, exceed the quality of shards from surface sur-
veys (Figs. 39: 4; 40). Thus, the possibilities of a com-

prehensive comparison of the assemblage from Buch-
berg with the pottery from other contemporary mining
areas of the Havlicktiv Brod region are low. Archaeo-
logical material from surface surveys at Stfibrné Hory
or near the village of Termesivy can be used (Rous
2001a, 71-72, Figs. 5-7). Moreover, pottery assem-
blages obtained from excavations in other mining areas
in the region also enabled only limited comparative
possibilities, as they are as unrepresentative and usu-
ally small in number as pottery finds from surface
prospectings. These include finds from the ore process-
ing facility detected near Koje¢in (Hruby et al. 2019,
966-968, Figs. 18 and 19), the metallurgical district
near Kvétinov, and a small mining area near Ceska
Béla (Hruby 2019, 63, Fig. 28; 79, Fig. 41).
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Fig. 37. Weights of the 13" and 14" cen-
tury from the Buchberg mining site.
1: Inv. No. Bu 32, 2z Inv. No. Bu 33;
3: Inv. No. Bu 44; 4: Inv. No. Bu 22,
5: Inv. No. JiA 17/09-107, 6: Inv. No. JiA
17/09-126; 7: Inv. No. Bu 21, 8: Inv. No.
Bu 41; 9: Inv. No. Bu 47, 10: Inv. No. JiA
17/09-146; 11: Inv. No. Bu 46; 12:
Inv. No. JiA 17/09-127; 13: Inv. No. JiA
17/09-153; 14: Inv. No. Bu 30; 15:
Inv. No. JiA 17/09-103. Photo by Petr
Hruby. — Obr. 37. Zdvazi ze 13.—14. sto-
leti z aredlu Buchberg. 1: i. & Bu 32; 2:
[ ¢ Bu33; 3:0. ¢ Bu 44, 4: 1. ¢ Bu 22;
5: 0 & JIA 17/09-107; 6: i. ¢ JIA 17/09-
126, 7:1. ¢ Bu 2, 8:i. ¢ Bu4l; 9:i. & Bu
47, 10:1. ¢ JiA 17/09-146, 11:1. ¢. Bu 46,
12:0 ¢ JIA 17/09-127; 13: 1. ¢ JiA 17/09-
153; 14: . ¢ Bu 30; 15:1. ¢ JiA 17/09-
103. Foto Petr Hruby.
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Fig. 38. Deformed and burned cup-weight (find Inv. No. Bu 54, weight 13.2 g).
Photo by Petr Hruby. — Obr. 38. Deformované a nejspis i spdlené miskovité
zdvazi (i. ¢ Bu 54, hmotnost 13,2 g). Foto Petr Hruby.

Based on Rous’ classification, the pottery from Buch-
berg can be divided into three horizons. The earliest
horizon can be characterised by mainly oxidative firing,
with a proportion of graphite pottery (Rous 2001a, 80,
Fig. 8: 1-21). The second horizon is dominated by proto-
reductive firing and predominantly oval edges of several
variants (Rous 2001a, 80, Fig. 8: 22-49; 81, Fig. 9: 1-28).
Part of the assemblage consists of fragments of advanced

4 )
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reduction ceramics dating to the later 15% and 16% cen-
turies (Rous 2001a, 81, Fig. 9: 1-28). The structure cor-
responds to the finds from the nearest mining centre at
Herliwinberg (Rous 2004, 54-55).

Pots or bowls predominate in the pottery collection
from Buchberg, and it is possible to distinguish lids
(Berky 1992, Ad VII; Rous 2001a, 80, Fig. 8: 13, 21).
Handles are quite common, usually decorated with
a row of inserts, or insects evoking a cross sign or the
letter W (Figs. 40: 8, 12). Similar handles were also
found, for example, in Staré Hory near Jihlava (Hruby
2011, 211, Fig. 224: 14, 16, 20). Part of the ears belongs
to the kettles with the stirrup handle (Fig. 40: 6). A hol-
low shape sherd, which could have belonged to the pan,
or an atypical nozzle (Fig. 39: 3), was found during sur-
face prospections. A fragment of a simple conical bowl
(Fig. 39: 2) represents the class of open bowl-like ves-
sels. Its analogies can be found in the Cuilinek mining
area in the Pelhfimov region (Hruby et al. 2012, 391,
Fig. 89). There are only a few fragments in the assem-
blage that could have belonged to storage jars (Fig. 39:
14, 15). A relatively small proportion of storage jars is
a characteristic feature of Central European mining set-
tlements (Derner — Hruby 2018, 219-220).

A small lamp with a hole called palé¢ak (called Scha-
lenlampe mit Griffloch in German, Schwabenicky 201 1)
was discovered in trench 2/2018, structure 0502
(layer 0106/0107). It was manufactured by using re-
ductive firing, and the bottom bears traces of cutting
off (Fig. 39: 4). The lamp corresponds to the Ia type
according to Katerina DoleZalovd (2012, 219, Fig. 11).
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Fig. 39. Pottery. 1: Surface prospection, northern part of shaft field O, parcel No. 149/1; 2-3, 5: Surface prospection, prospected area D, parcel No. 131/15;
4: Excavated feature 0502, layout 0107. Photo by Petr Hruby. — Obr. 39. Keramické ndlezy. 1: povichovd prospekce severné od sachetniho pole O, ppc. 149/1;
2-3, 5: povrchovd prospekce plochy D, pp¢. 131/15; 4: Zkoumany objekt 0502, vrstva 0107. Foto Petr Hruby.

Similar lamps were very widespread in the medieval
mining environment (Hruby 2011, 213, Fig. 225: 2, 6,
11; 215; Waldhauser — Danécel — Novdacek 1993, 399,
Abb. 6: 9). The most numerous finds come from the
Czech and Saxon regions of the Ore Mountains (Derner
2018, 269, Fig. 204: 3; Schwabenicky 2009, 101, Abb.
226: 3; 104, Abb. 229: 13, 14; 109, Abb. 237: 11; 113,
Abb. 243: 3; 115, Abb. 245: 10; 117, Abb. 247: 7; 119,

Abb. 249: 3, 4; 122, Abb. 252: 3, 253; 126, Abb. 257:
17; 187, Abb. 374: 3, 4; 189, Abb. 380: 1, 2).

A spindle whorl made of lightly fired fine clay discov-
ered during surface collecting can be added as another
type of material culture (Fig. 39: 5). Such finds also have
also been found in mining settlements; we know them
from Jihlava (Hruby 2011, 211, Fig. 224: 3, 6; Crkal
et al. 2019, 905, Fig. 19) or the sites of Treppenhauer
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Fig. 40. Pottery. 1: Excavated feature 0501, layout 0106; 2, 5, 9, 14, 15: Surface prospection 2017; 3, 4, 7: Excavated feature 0501, layout 0111, 6, 8: Excavated
feature 0502, layout 0107, 10: Excavated feature 0508, layout 0131, 11: Excavated feature 0500, layout 0105, 12: Surface prospection 2014, 13: Excavated
feature 0501, layout 0106. Photo by Petr Hruby. — Obr. 40. Keramické ndlezy. 1: zkoumany objekt 0501, vrstva 0106; 2, 5, 9, 14, 15: povrchovd prospekce 2017;
3, 4, 7: zkoumany objekt 0501, vrstva 0111, 6, 8: zkoumany objekt 0502, vrstva 0107, 10: zkoumany objekt 0508, vrstva 0131, 11: zkoumany objekt 0500, vrstva
0105, 12: povrchovd prospekce 2014, 13: zkoumany objekt 0501, vrstva 0106. Foto Petr Hruby.

in the Saxon part of the Podkru$nohoii (the foothills)
region (Schwabenicky 2009, 136-138), Kremsiger on the
Czech side of the Ore Mountains (Derner 2018, 299,
Fig. 236: 1), Havirna (DoleZel — Sadilek 2004, 64, Fig.
19: 13), and Kasperské Hory (Waldhauser — Danécelk —

Novacelk 1993, 399, Abb. 6: 10, 11). One spindle whorl
was found in the medieval gallery Venetianer in the
Hochsauerland (StrafSburger 2012, 35, Fig. 7, 8). A set
of spindle whorls was also found at the sites of Al-
tenberg in the Siegerland mountains (Austermann 1998,
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Fig. 41. 1: Mining irons from surface prospections on shaft field O, parcel No. 143/2; 2: Iron from surface prospection, undetermined; 3, 7: Iron from surface
prospection, undetermined (by Luna — Zimola 2007, 311, Fig. 29), 4~6, 8: Iron from surface prospection, undetermined; 2: Inv. No. JO8/B/16190; 3: Inv. No.
J08/B/16189; 5: Inv. No. JiA 17/09/116, 6: Inv. No. JiA 17/09/121. Photo by Petr Hruby. — Obr. 41. 1: Hornickd Zelizka z povrchovych prizkumd na sachetnich
halddch, plocha O, ppé. 143/2; 2: ndlez ze starsich povrchovych prizkumd, neuréeno, 3, 7: ndlezy ze starsich povrchovych prizkumd, neur¢eno (by Luna — Zimola
2007, 311, Fig. 29),; 4-6, 8: ndlezy ze starsich povrchovych prizkumd, neurceno; 2: ndlez i. ¢ JO8/B/16190; 3: ndlez i. ¢ JO8/B/ 16189, 5: ndlezi. ¢ JiA 17/09/116;

6:ndlez i. ¢ JiA 17/09/121. Foto Petr Hruby.

Taf. 1: 3; 48: 6-11) and Johanneser Kurhaus in the Harz
(Alper 2003, 242, Abb. 109: 3-7).

The decoration located on the jar bodies consists of
wave lines, sometimes combined with horizontal lines
(Fig. 40: 1, 13); moreover, helix lines have been attested
(Rous 2001a, 80, Fig. 8: 6). Helix lines also occur on the
outer side of certain rim types, together with incised
lines (Figs. 39: 1; 40: 3, 7; Rous 2001a, 80, Fig. 8: 11,
12). Previous surface prospections yielded bottom sherd
of a pot-shaped vessel incised with a mark (Berky 1992,
Ad VII); another mark can be found on a lid handle, also
obtained during surface collectings in the 1990s (Rous
1998b, sheet 1/4). The bottom detected in trench 2/
2018 (structure 0505) shows traces of an underburden

(Fig. 40: 11).

5.2. Iron artefacts

A specific type of iron artefacts characteristic for me-
dieval mining sites stands out among various metal ob-
jects, mostly of indeterminate shape, namely mining
irons. The majority of Buchberg mining irons comes
from surface and metal detector surveys in arable land

and dumps (Fig. 41). Therefore, irons or their fragments
discovered in the stratified archaeological contexts in
trench 2/2018 are very important. They were found in
the working and waste fillings of structures 0503 and
especially 0502, i. e. near furnaces and forges (Fig. 42).
Such concentration in this space agrees with the idea
of a blacksmith’s workplace, where iron spikes were re-
sharpened or old tools were forged into other items. The
finds from Buchberg are very similar to irons discovered
at other contemporary sites in the Bohemian-Moravian
Highlands (Hrazdil — Do¢kal — Vokac¢ 2007; Luna - Zimola
2007, 311, Fig. 7: 29, 30).

The iron finds also include a rotary key with a hollow
shank and a round eye (Fig. 43). Keys and various types
of locks belong among standard artefacts found in me-
dieval mining settlements: the defunct mining centre at
the site of Treppenhauer in the Saxon part of the Pod-
krusnohofii (the foothills) region, Kremsiger in the Ore
Mountains (Erzgebirge), as well as the areas of the Staré
Hory dislocation in Jihlava, or mining complex near
Vyskytnd in the Pelhfimov region (Schwabenicky 2009,
143, Abb. 294: 10, 4; 145, Abb. 296: 17, 20; 146, Abb.
297: 7; Derner 2018, 292, Fig. 230: 1, 34, 35; Hruby
2011, 224, Fig. 228: 21, 26; 2019, 175, Fig. 122: 8).
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Fig. 42. Mining irons from metallurgical feature 0502, layout 0107. Photo by Petr Hruby. — Obr. 42. Hornickd Zelizka z archeologicky zkoumaného objektu 0502,

vrstva 0107. Foto Petr Hruby.

Fig. 43. A key from surfa-
ce prospection found in the
shaft field O, parcel No.
143/2. Photo by Petr Hruby.
— Obr. 43. Kii¢ z povr-
chového sbéru na halddch,
plocha O, pp¢. 143/2. Foto

Petr Hruby.

A direct analogy to the Utin key can also be found in
the mining area Havirna near Stépanov nad Svratkou
(Hruby — Maly - Lajtkepova 2015, 32, Fig. 104). It is
a relatively common key type of the 15" to 17" cen-
turies (Kilian 2008, 22, 27). The find can be, therefore,
also related to attempts to resume mining in the Mod-
ern Era, or represent an accidental loss.

5.3. Weights within the context
of precious metal production

Weights are a common type of finds from medieval min-
ing centres. Among other things, they can be linked to
the activities of assayers (examinatores) and ore emp-
tors (emptores metalli). By determining the weight, abra-
sions on touchstones and thermochemical tests, the es-
sayers determined the composition and metallicity of
ores, the proportion of specific metals in alloys, the pu-
rity of the silver, etc. Weights and scales were widely dis-
cussed in work Das kleine Probierbuch written by Lazar
Ercker (Vitous 1974, 70-81) in the mid-16" century,
and De re metallica libri XII by Georgius Agricola (JeZek
— Hummel 2001, 265-271, 424, 428).

So far, we have discovered sixteen weights at the me-
dieval mining centre Buchberg. The most common type
represents cylindrical to biconical lead weights (nine
examples; Fig. 37: 1-9). Analogies are known from the
nearest contemporary mining complexes, for example,

from Herliwinberg located to the east of Stfibrné Hory
(Havlicek 2018, 43, 44). Two pieces come from a mining
settlement in Jihlava and three weights of the same type
from Cuilinek (Hruby 2019, 153, Fig. 115: 1-5), Havirna
(Hruby — Maly - Lajtkepova 2015, 31, Fig. 101). Identical
items were found at the medieval mining site of Stiibrnik
in the Horazdovice region (Cerveny 2007, 119, Fig. 12).
They are also known from the Johanneser Kurhaus site
near Clausthal-Zellerfeld in the Harz (Alper 2003, 311-
312, Abb. 142 and 143).

The second type is cup weight, usually made of bronze
or brass. One example of such weight weighing 117.9 g
was found in the Buchberg area (Fig. 37: 10, Inv. No. JiA
17/09/146). Another find weighing 13.2 g, which was
discovered in the southern part of area B (plot no.
131/15), was damaged and affected by heat (Fig. 38). This
type of weight, weighing 6.36 g, was found during archae-
ological research in Staré Hory near Jihlava (Hruby 2019,
Fig. 115: 6 and 9); and others came from sites of Havirna
or Méstisko (Dolezel 2008a, 189; 2008b, 473).

Lead circles or cones with a coaxial central hole
(characteristic of a spindle whorl) represent a specific
group of artefacts, which may have also been consid-
ered weights. Five pieces come from surface prospecting
at Buchberg (Fig. 37: 11-15). Analogous finds from min-
ing regions in the Premyslid territory are known only
from Havirna (Hruby — Maly - Lajtkepova 2015, 31, Fig.
98). Such finds from Bohemia and the regions lying to
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Fig. 44. Artefacts made of the non-ferrous metals. 1-2: Surface prospection, surveyed area A, parcel No. 131/15,; 6~7: Surface prospection, surveyed area B,
parcel No. 223/1 (by Jakub Tésnohlidek),; 10: Southern part of the surveyed area D, parcel No. 131/15; 5: Inv. No. JiA 17/09-143. Photo by Petr Hruby. —
Obr. 44. Ndlezy z barevnych kovi. 1-2: povrchové prizkumy plochy A, pp¢. 131/15; 6~7: povrchové prizkumy plochy B, pp¢. 223/1 (Jakub Tésnohlidek),
10: povrchové prizkumy jizni ¢dsti plochy D, pp¢. 131/15; 5:i. ¢ JiA 17/09-143. Foto Petr Hruby.

the north are usually dated to the 11% to 12 centuries
(Bldha - Hejhal - Skala 2013; Machacek — Méchura
2013, 284-285, Figs. 6 and 7; Rozmus 2014, 217, Ryc.
204: 4-6; 219, Ryc. 205; 224, Ryc. 211-212).

Analyses of medieval weights usually rely on at-
tempts to find weight systems and standards to which
individual pieces can be assigned. It is rather difficult
to achieve any reliable results that would withstand
criticism or just different point of view based on any
subsequent analyses of the same artefacts (DolezZel
2008a, 198-201, Tab. 2). Researchers have tried to at-
tribute the same weights to several systems, namely
ounce or sometimes lot systems, etc. As far as analogies
from close vicinity are concerned, a cylindrical lead
weight from Stribrné Hory can be cited (Havlicek 2018,
43, 44), as its weight of 61.48 g would correspond to
a quarter of the hryvnia of Hungary, with only a small
deviation of 0.10 g. The weight nominal called ferto can
also be attested in some deeds determining amounts of
various payments. For example, in 1222, the words XX
marcas argenti et fertonem ad pondus Pragense first ap-
peared in The Kingdom of Bohemia (CDB II, No. 228,

p- 214). The ferto, like a lot or a quent, was probably
a standard nominal that had its weight.

Metrological analysis of Buchberg weights has shown
a mass spectra ranging from 4.10 g to 117.09 g (Tab.
9). The individual pieces often differ in weight only by
tenths of a gram or grams. Weights weighing less than
3 g have not yet been found, although the fine medieval
metrology undoubtedly used sub-gram units. However,
the probability of finding such artefacts is generally
small, as they may not have survived to this day due to
their material and conditions of archaeologisation? In
the analysed set, we can see quents, half-lots, Y-lots,
lots, one and a half lots, two-lots or 2 and % to 3-lots
and perhaps even half-hryvnias, in almost all supra-re-
gional nominal systems that sometimes differed only
slightly (Tab. 9). The presented interpretation of the
weights from the Buchberg site and their attribution to
the hryvnia (marca) - lot system relies on the assump-
tion that they deviate from the ideal weight unit by 0.2 g
on average, which is the assumed accuracy of common
types of medieval scales determined by practical exper-
iments with their imitations (Hruby 2014, 630-631).

364

PAMATKY ARCHEOLOGICKE CXII, 2021



Hruby et al., Medieval Mining Centre of Buchberg in the Bohemian-Moravian Highlands

Fig. 45. Coins. 1-4: Prague groschen, John of Luxembourg (John the Blind,
1310-1346), surveyed area D, parcel No. 131/15. Inv. No. JiA 17/09/128
(weight 2.73 g), JiA 17/09/129 (weight 3.30 g), JiA 17/09/130 (weight 3.49
q), JiA 17/09/131 (weight 3.52 g). Photo by Pavia Lajtkepovd, 5: Silver Parvus,
John of Luxembourg (John the Blind, 1310-1346), feature 0501, layout 0106
(weight 0.24 g). Photo by Petr Hruby. — Obr. 45. Mince. 1-4: prazské grose,
Jan Lucembursky (1310—1346), povrchovd prospekce plochy D, pp¢. 131/15.
i. ¢ JiA 17/09/128 (hmotnost 2,73 g), i. ¢. JiA 17/09/129 (hmotnost 3,30 g),
ppC JiA 17/09/130 (hmotnost 3,49 g), JiA 17/09/131 (hmotnost 3,52 g). Foto
Pavla Lajtkepovd; 5: parvus, Jan Lucembursky, zkoumany objekt 0501, vrstva
0106 (hmotnost 0,24 g). Foto Petr Hruby.

5.4. Non-ferrous metal artefacts, glass pearls
and coins

Non-ferrous metal ingots and drips, which are eva-
luated in the context of the metallurgical operating
chain, were excluded from this group of artefacts.
These finds were exclusively obtained during metal de-
tector prospecting.

Two copper trapezoidal plates with rivets — belt ends,
were found in area F. They consist of a pair of plates;
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Fig. 46. Glass pearls, Inv. No. JIA 17/09/124 and JiA 17/09/125. Photo by
Pavla Stardstkovd. — Obr. 46. Sklenéné kordlky, i. ¢ JiA 17/09/124 a JiA
17/09/125. Foto Pavla Stardstkovd.

the visible areas of the top plates were decorated with
ornamental or perhaps plant motifs and gilded (Fig. 44:
7, 8). A similar belt ends were discovered in the defunct
medieval village of Kontivka (Slancarova 2016, 152).
Two copper decorative patches in the form of a stylised
lily flower and with a circular hole may also have be-
longed among garment parts (Fig. 44: 1, 2). The closest
analogous finds can be found in the assemblage from
the Havirna facility (Hruby — Maly — Lajtkepova 2015,
33, Figs. 105, 106). A single-wing arched buckle with
slabs from Buchberg belongs to the standard and widely
spread types of belt fasteners from the 13" and 14" cen-
turies (Fig. 44: 6). Furthermore, a trapezoidal buckle
was also found there (Fig. 44: 9). Cast round buckles
represent the most numerous group of such finds (Fig.
44: 10-12) that occurs in many variations continuously
from the Middle Ages to the Modern Age (Slancarova
2016, 116-118; Ztibek 2002, 128).

A cast lead token obtained during the metal detector
prospecting was found in the southern part of area D
(plot no. 131/15). Its one side is decorated by a bow
wheel with a raised centre (Fig. 44: 5; Inv. No. JiA
17/09/143). The most numerous set of similar tokens
comes from the medieval mining centre of Havirna
(Hruby — Maly - Lajtkepova 2015, 36, Fig. 114); and
a similar token was also found at the more distant site
of Treppenhauer (Schwabenicky 2009, 150, Abb. 305).

A glass bead made of opaque dark black glass was
found by surface prospecting in arable land. It is deco-
rated with light strips and red target-like protrusions —
eyelets. A fragment of another bead is coloured blue and
red (Fig. 46). When found in Bohemia, these beads are
considered imports and are mostly dated to the 10% to
12% century (Krumphanzlova 1965). However, such
finds can also be dated after the year 1200, when found
within the context of mining settlements dispersed
across wider Central European region (Schubert — Weg-
ner 2015, 233, Abb. 38: 3).
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Four Prague groschen by John of Bohemia (John of
Luxembourg, 1310-1346) were found during metal de-
tector survey of area D in 2008 and 2009. The coins
were individually lost (Fig. 45) and were scattered over
a small area. They belonged to the common mints of the
Royal Mint of Kutnd Hora and can be dated to 1327-
1340 (SmiSek 2020, No. 1-4). Thus, the parvus of John
of Luxembourg from structure 0502 in the trench
2/2018 represents the only coin obtained during ar-
chaeological fieldwork. The coin can be most likely
dated to 1320-1326 (SmiSek 2020, No. 5).

6. Discussion, interpretation, and conclusions.
Spatial, working and community
infrastructure of the Buchberg mining
centre in the 13* and 14 centuries

6.1. Mining area

Above-ground relics illustrating the historical ore min-
ing have been continuously disappearing from the site
and its surrounding landscape. The mechanisation of
agriculture has accelerated the process. Currently, the
relics of old mining activities are mostly destroyed by
mechanised harvesting of wood due to bark beetle out-
break and restoration of forest stands, sometimes ac-
companied by bulldozing of mining areas.

Remains of historical mining activities are recorded
in mining maps of the 18™ to 20" centuries and can be
compared with the current reduced condition. Johann
Hoéniger’s drawings from the 1870s and 1880s offer rel-
atively low content and coordinate accuracy, and it is,
therefore, quite problematic to georeferenced them. The
anonymous mining map (Fig. 5), which could be at-
tributed to Rudolf Helmhacker (Anonym 1875), is more
valuable.

First of all, the topic of mining galleries on the Sazava
left bank has to be addressed when describing the his-
torical mining landscape around Buchberg by combin-
ing the original mining maps, the mining landscape
analysis and the field survey. Honiger and the anony-
mous author show two shaft mouths (Fig. 5) on the
eastern side of the river above the central slag dump.
The southernmost mouth can be identified with the field
anomaly with the coordinates ETRS 89: B = 49° 35'
12.46" : L = 15° 42' 29.70". In its northern vicinity,
there is another gallery mouth, which can be identified
with the field-mark with the coordinates ETRS 89: B =
49°35'15.76" : L = 15° 42' 26.83". The third mouth is
located to the north of the prospected slag dump.
Hoéniger determined its direction as NE-SW. This gallery
has recently been named the Ag adit and can be found
on the coordinates ETRS 89: B = 49° 35' 33.78" : L =
15° 42' 10.40" (Maly - Havlicek — Sobotka 2020). The
maps show another gallery mouth corresponding to the
field anomaly on the coordinates ETRS 89: B = 49° 35'
44.74" : L = 15° 41' 30.80", located at the river bend
called U Groubu, more or less opposite to the estuary of
the Borovsky brook. The anonymous author located an-
other gallery, called Weisse Ochsen Stollen (Pokorny
1963, No. 44), just downstream of the river; and it can
be identified with the field anomaly on ETRS coordi-
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nates 89: B =49° 35'37.81": L= 15°41' 23.16". Fur-
ther downstream of the Sazava River, we find another
adit, nowadays called Nebeskd, laying just opposite the
Stukhejlsky mill (Polcorny 1963, No. 49a), the coordi-
nates ETRS 89: B =49°35'30.65": L =15°41"'24.78".
To the south-west, another adit (Pokorny 1963, No. 49)
is indicated on the anonymous map, which can be iden-
tified with the so-called White adit, with the coordinates
ETRS 89: B = 49° 35' 28.37": L = 15° 41' 21.70". Fi-
nally, the authors of the maps recorded the so-called
Utin gallery on the right bank of the Utin brook (Pokorny
1963, No. 50), its mouth can be found on the coordi-
nates ETRS 89: B = 49° 35'20.90" : L =15°41' 15". It
is the only shaft, which was drawn on the anonymous
map from 1875 in the form of a mapped corridor about
690 m long predominantly running in the SW-NE direc-
tion (Fig. 5).

The chronology of the origin and operation of the gal-
leries and shafts cannot be determined without corre-
sponding dating material, mainly in the form of den-
drochronological data from wooden timbering. Dating
of the galleries to the 13% and 14" centuries is purely
hypothetical, as almost all of them show traces of the
so-called re-working in their accessible sections, which
could be dated to later periods; even though the two gal-
leries in operation (stollo Vribergi, stollo Cunradi) are al-
ready explicitly mentioned in a deed of October 25%,
1258 (CDB V/1, No. 167, p. 267). According to the deed
of 1261, the so-called Freiberg’s adit should be even lo-
cated literally next to Buchberg: apud montem dictum
Puchberch (CDB V/ 1, No. 252, p. 385).

Joel Pokorny summarised the topography of old min-
ing dumps in the 1960s. In the area of interest, he dis-
covered the following mining fields Nos. 42, 43, 45, 45D,
46, 47, 48, 49. The historically attested mining works
near the neighbouring Dlouha ves, which Pokorny reg-
istered under numbers 31b, 37-41 and 51 (Fig. 6),
formed part of the so-called Pribyslav Mountains. How-
ever, whether or not they formed part of the historic
Buchberg complex is debatable.

The group of mining dumps L and M in the NW-SE
direction reaches a guiding length of 790 m; and two
main parallel lines of shafts can be distinguished in
the M group. The group of mining dumps O in the form
of a single line of shafts running in the NW-SE direction
reaches a guideline length of 370 m. The southernmost
mining field N, reaching a length of 160 m, is situated
separately. Despite our modern measurement possibil-
ities, it is still challenging to identify mining or explo-
ration length rates in the systems of shaft mouths,
which are known from contemporary legal norms, es-
pecially if a substantial part of these shafts is no longer
preserved in landscape. Nevertheless, for example, in
the north-eastern part of the L mining dump field, one
system of three pits measuring 60 m can be distin-
guished; the so-called triple-pit is considered to be
a sign of the medieval measurement mining system
(Vecera 2013). A group of six shafts, also 60 m long, is
located just to the south (Figs. 9 and 11). The southern
part of the N group and the S pit group also show fea-
tures of an individually set-up mining measure about
70-95 m long.
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Fig. 47. Hypothetical calculation of the mined rock volume and its comparison to a part of the medieval mines in Dippoldiswalde. Created by Jifi Unger. — Obr. 47.
Hypoteticky vypocet objemu vytéZené horniny a srovndni s Useky stredovékych doli v Dippoldiswalde. Vytvoril Jiti Unger.

The Stable cadastre of Utin from 1838 (No. 8285-1)
with clearly visible local field anomalies near the mining
dump fields can also contribute to the detection of al-
ready destroyed relics of historical mining activities.
These may indicate shafts with dumps that were still
visible at that time (Fig. 9: 1-7, 9). Some of these
anomalies coincide with the mining dumps on the
anonymous mining map from 1875 (Fig. 5). Analysis of
magnetic anomalies in reclaimed areas can also provide
some new pieces of information. Area G shows circular
to oval anomalies with diameters of 5 to 10 m and val-
ues of 5 to 150 nT. They can be considered as manifes-
tations of shaft mouths, and the surrounding anomalies
with negative values could indicate mining dumps. On
the magnetogram, the anomalies form several clusters.
One such system of four to five anomalies running in
the NW-SE axis is located in the central part of the area.
It reaches a length of about 40 m and is directionally
connected to the southernmost system of shafts with
mining dumps, which are still visible in the field (Fig. 9:
G3). At the same time, another system of anomalies,
30 m long, adjoins it from the south, which can be in-
terpreted as an exploratory shaft field (Fig. 9: G4). We
do not know why some parts of the mining landscape
have been entirely reclaimed after leaving the mines,
while others have never been destroyed and have re-
mained visible in the landscape to this day.

While maintaining a critical approach, as in the case
of galleries, the dating of the relics of shafts with mining
dumps is uncertain, although only fragments of me-
dieval pottery were obtained from the heap material
(Fig. 39: 1). Experimental and exploratory works in the
late Middle Ages and Early Modern Times seem to have
changed the previous mining landscape. The traces of
mining activities from the 13% and 14" centuries were,
thus, preserved in the form of the mining dump zones,
parts of which (the selected exploratory shafts) were
later reworked. In this regard, it is necessary to draw
attention to the uncertain location of Johann Héniger’s
experimental mining activities from the years 1873-
1888 conducted near Pribyslav (Rous 1998a, 107).
However, it seems that his activities concentrated on the
cadastre of Stribrné Hory and not Utin.

The approximate calculation of the volume of mined
material deposited on the ideal original surface has pro-
vided hypothetical but interesting results. Methodolog-
ically, the calculation was the most successful for the
segments of the mining relief I and II, where the field
morphology allowed the connection of the lower sides of
the modelled body with a minimum deviation from the
calculated original plain. The calculation determined
that the volume of excavated rocks reached 11,820
cubic meters for the segment I covering an area of about
196 x 57 m and 8,493 cubic meters for segment II with
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an area of 196 x 51 m. In segment III, the outer sides
of the modelled body led partly over the surface of the
mining relics, which reduced the calculation accuracy,
providing the result of 8,347 cubic meters.

The volumes of the shaft dumps can be estimated in
hundreds of cubic meters of rock. The dump bodies
surrounding the shafts have a diameter of about 30 m
at their bases, and to calculate the cubic capacity of the
rocks, they can be modelled as truncated cones with the
subtraction of the volume of the reduction above the
shaft mouths. Currently, about seventy of such bodies
can be identified in the mining area of Buchberg. Alto-
gether, we can estimate the volume of extracted material
to 32,550 cubic meters of rock, even if the lower limit of
the volume of extracted material in the amount of 465
cubic meters is taken into account. If we add the vol-
umes of the assessed areas, the value reaches the
amount of 28,860 cubic meters. Hypothetically, the
total volume of the mined material could be around
30,000 cubic meters.

For comparison, the volume of a shorter section of
the three-dimensionally surveyed medieval mine in Dip-
poldiswalde (Hemlcer — Hoffmann — Scholz 2012) with
a guideline length of 49 m was calculated. The total
length of the corridors, including the mines, is about 90
m, to which two shafts with depths of 23 m must be
added. The total volume of this underground segment
is 203 cubic meters. The ore-bearing structures at Buch-
berg were excavated in a total length of about 1330 m;
the mined segment from Dippoldiswalde can fit 27.14
times there. Should the underground volume be taken
into account, it would provide 5,510 cubic meters. This
is, however, 5.44 times less than the estimations for
Buchberg based on the mining field volume. Different
ore-mineralogical conditions can explain the discrepan-
cies because typical ore veins were mined in Dippoldis-
walde (Lange — Kaden 201 1), while in Utin, the miners
exploited the filling of an extensive dislocation zone,
tens of meters wide (Fig. 47).

6.2. Primary ore treatment

The absence of a natural watercourse is an unmissable
feature of the Buchberg mining complex; thus, we must
assume that the wet processes of primary ore process-
ing took place elsewhere. Places on the banks of the
Sazava River come into consideration, especially those
with a direct spatial connection to metallurgical facili-
ties. Nevertheless, concentrations of linear subsurface
structures, which were detected by magnetic prospec-
tion in the southernmost part of the area G, and which
converge in a fan-shaped manner to the southeast (Fig.
9: G6) should be emphasised. These structures corre-
spond to the relief, which slopes in this direction and
forms a ditch. Therefore, the linear structures may be
erosion furrows in which water was collected season-
ally; however, they could also be used for draining of
water drawn from shafts. Based on finds from Jihlava,
where water supply systems using water from shafts
were found (Hruby 2011, 102-129), we may hypotheti-
cally consider these relics washing facilities (German
Erzwdsche) and gravity separation of ore. In this sense,
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the anthropogenic heap-like formations registered under
number 66 (alte gangartige Wash halden) on the map of
Johann Christian Fischer from 1773 located in the val-
ley of the local watercourse to the east of this place can
be seen as indications (Fig. 4).

6.3. Metallurgy of polymetallic ores and slag
dumps in the mining complex hinterland

Due to the absence of slags associated with the smelting
of polymetallic ores, we assume that the metallurgy of
non-ferrous metals took place elsewhere. The nearest
slag dump that could be associated with the smelting
of polymetallic ores is an area about 0.75 km away on
the southern bank of the Sazava River (Fig. 3: 2). Trial
excavations corroborated the presence of crushed or
ground ore, as well as layers of slags up to 80 cm thick.
Based on a combination of geophysical and geochemical
measurements, it is possible to assume the existence of
a well-developed metallurgical facility utilising water-
technical elements. The local slags are characterized by
increased contents of Zn, Pb, Cu, Ag, As, Sb, which are
bound to microscopic inclusions of sulphides, pure
metals and phases with Sb and As less so to silicates
(Janic¢kova — Dolnicek — Maly 2012). The ore processing
has led there to extensive contamination of soils with
these elements (Hruby — Maly — Milo 2016).

However, the dating of slag dumps represents the
real challenge. The majority of them has been subject
to either non-destructive survey or just small-scale
fieldwork. Therefore, there is little or no dating material
available, especially pottery sherds. The same also ap-
plies to the evaluated area of Buchberg. Only some slag
dumps are located on arable land, where it is possible
to conduct surface prospectings meaningfully. The site
V groubu, located approximately 1500 m to the north-
west of the Buchberg complex, is another example of
metallurgical facilities near the Sazava River, which
could have been prospected. However, the pottery
sherds found there can be dated only to the Late Middle
Ages and the Early Modern Period (Rous 2007). As far
as the identification of possible metallurgical facilities
within the Buchberg complex is concerned, the concen-
tration of bipolar magnetic anomalies in the northern
part of area G is worth mentioning (Fig. 9: G1), as their
characters coincide with the magnetic indication of slag
dumps (Hruby — Maly - Milo 2016, 402, Fig. 13). Mag-
netic anomalies of circular to oval shape with a diame-
ter of up to 1.5 m and with magnetic values in the range
of 1-10 nT can be cautiously interpreted as unspecified
metallurgical structures. They present themselves sim-
ilarly to the relics of metallurgical facilities affected by
high temperatures; magnetically anomalous metallur-
gical waste can be found in their vicinity.

6.4. Non-ferrous metallurgy: Assaying,
cupellation, or even smelting
of polymetallic ores?

The find of copper ingots, Cu-Sn alloys and Pb-Sn alloys
are difficult to interpret (Tabs. 5-7). Although their
number in total does not reach a dozen (Fig. 36), their
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Sample | Fe | Cu | In | As | Ag | €d | Sn | Sb | Pb | Au
BU 22 0,29 [<LOD [<LOD| 5,59 |<LOD| 0,87 | 1,20 |<LOD |92,05|<LOD
BU 01 1,89 |<LOD| 0,01 | 476 |<LOD| 0,99 | 0,87 | 0,05 | 91,43 | <LOD
BU 22 0,16 |<LOD|<LOD| 5,22 (<LOD| 1,03 | 0,88 |<LOD 92,71 [ <LOD

Tab. 4. Elemental composition of the lead objects (XRF, %). Measured by
Karel Maly. — Tab. 4. Prvkové slozeni olovénych slitkG (XRF, %). Méril Karel
Maly.

Sample | Fe | Cu | Zn | As | Ag | Cd | Sn | Sb | Pb | Au
BU 24 0,51 (66,30( 0,39 | 0,37 | 0,13 |<LOD| 30,74 | 0,05 | 151 [<LOD
BU 55 7,34 [ 33,66 0,63 | 0,21 |[<LOD| 0,02 | 56,10 |<LOD| 2,05 |<LOD
BU 49 0,23 (68,90| 0,36 | 0,25 | 0,10 |<LOD|28,34| 0,02 | 1,76 | 0,04

Tab. 5. Elemental composition of the Cu-Sn alloy (XRF, 9%). Measured by Karel
Maly. — Tab. 5. Prvkové slozeni Cu-Sn slitkd (XRF, %). Méril Karel Maly.

Sample | Fe | Cu | ZIn | As | Ag | €d | Sn | Sb | Pb | Au
BU 19 0,40 [7765| 0,13 | 1,46 | 1,69 |<LOD| 0,21 | 0,06 |18,39|<LOD
BU 54 0,14 |80,50|<LOD| 1,12 | 1,37 |<LOD| 1,10 | 2,58 | 13,19 [<LOD

Tab. 6. Elemental composition of the Cu-Pb alloy (XRF, %). Measured by Karel
Maly. — Tab. 6. Prvkové sloZeni Cu-Pb slitkd (XRF, %). Méril Karel Maly.

Sample | Fe | Cu | ZIn | As | Ag | Cd | Sn | Sb | Pb | Au
BU 43 0,20 | 0,02 | 0,04 | 0,78 |<LOD| 0,04 |78,39 |<LOD| 20,52 |<LOD

Tab. 7. Elemental composition of the tin ingot, Inv. No. Bu 43, Fig. 36: 8
(XRF, %). Measured by Karel Maly. — Tab. 7. Prvkovd analyza cinového slitku,
i. ¢ Bu 43, obr. 36: 8 (XRF, %). Méril Karel Maly.

Sample | Fe | Cu | Zn | As | Ag | Cd | Sn | Sb | Pb | Au
BU 29 0,36 | 0,34 | 0,78 | 0,19 | 84,19 |[<LOD| 10,62 | <LOD| 3,46 | 0,06

Tab. 8. Elemental composition of the silver ingot/hacksilver, Inv. No. Bu 29,
Fig. 35 (XRF, %). Measured by Karel Maly. — Tab. 8. Prvkové sloZeni stiibrné
pecicky, i. ¢. Bu 29, obr. 35 (XRF, %). Méfil Karel Maly.

presence at the site is not coincidental and can be
linked with the medieval metallurgy. In principle, the
artefacts can be products of metallurgy of polymetallic
ores, but also documents of metal casting or even metal
assaying. The fact that no slags corroborating these
processes have been found in the area significantly hin-
ders the possibility of their connection with the metal-
lurgy of polymetallic ores. We may assume the existence
of a metalworking workshop, as corroborated by analo-
gies from the Treppenhauer mining settlement in the
Saxon part of the PodkruSnohoii (the foothills) region
(Schwabenicky 2009, 150-153). Also, the relatively low
content of tin in ores from the Pribyslav region indicates
that the metal was imported from elsewhere. Any defini-
tive hypotheses could be made only based on hitherto
missing finds of corresponding metallurgical ceramics.

Numerous pieces of lead object can be definitely con-
sidered as indicators of metallurgical or, more probably,
assay activities (Figs. 32-34; Tab. 4). They could be
utilised as the input raw material for leading, where the
pure non-argentiferous lead was melted in crucibles or
sherds and was used for “dissolving” of silver ores. By
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doing so, unwanted elements such as S, As, Sb were re-
moved, and the silver was reduced. The lead was consec-
utively separated in the molten state from the resulting
alloy by oxidation and extraction, and the silver was,
thus, separated. Lead ingots also might have belonged to
the equipment of an assayer who used non-argentiferous
lead in many tests (Vitous 1974, 34-35, 41, 45). The con-
nection with assaying can also be supposed in the case
of a small pit-like silver globule (Fig. 35; Tab. 8).

6.5. Iron ore mining, its metallurgy and primary
blacksmith processing

The trial excavations in 2018 clarified our ideas about
the metallurgical facility located on the edge of the min-
ing settlement in area F, which shows the characteris-
tics of ironworks and forges rather than smelting facil-
ities used for processing of precious and non-ferrous
metals. Archaeological context allows the interpretation
that structures 0502 and 0503 could be used as iron
metallurgical furnaces in an older phase; later on, some
of them were covered with metallurgical waste and
transformed into blacksmith facility equipped with fur-
naces (structure 0502). The fact that no fragments of
fired clay daubs and other binding material have been
found in these structures represents a critical point of
this hypothesis, as their presence would be expected in
the case of shaft metallurgical furnaces (Fig. 25). On the
other hand, no daubs or other binding material were
found in the contemporary processing site of Cuilinek in
the Pelhfimov region, where more than a dozen relics of
furnaces of various types were discovered (Hruby et al.
2012, 363-369).

The discovered structures in the trench 2/2018 at
Buchberg are similar to the situation at the Johanneser
Kurhaus metallurgical site in the Harz, where linearly
arranged structures 512, 514, 541-543 were found.
Their dimensions were comparable to the Utin struc-
tures 0502 and 0503, and they were also filled with
charcoal and blacksmith slags. The find is interpreted
as a waste slag heap located next to a forge (Alper 2003,
136-137, Abb. 65). The structures 0501 and 0506 are
comparable with the archaeological context 1/2002 in
the metallurgical complex Dabrowa Goérnicza inter-
preted as a metallurgical furnace (Rozmus 2014, 159-
170, Ryc. 120).

The magnetically detected structures at Utin are reg-
ularly distributed with very close intervals; one struc-
ture more or less follows the other (Figs. 9: F; 15). Due
to its small size, the trial excavation cannot provide an-
swers to the question whether all furnaces or forges
were operated at the same time, which would make the
complex a highly organized, large-capacity facility. An-
other hypothesis presumes the gradual abandonment
of used furnaces and the construction of new furnaces
in a continuous line.

The origin of the slags in the prospected area F, in-
cluding trial fieldwork, represents another challenge.
Some of the type 2 slags could have been formed by re-
melting of aluminous-sandy linings and daubs of fur-
naces and forges. The generally amorphous shape and
glassy character of slags, low iron content and at the
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Fig. 48. Probable settlement structures. Interpretation of the magnetic survey results. — Obr. 48. Pravdépodobné sidelni stavebni struktury detekované jako mag-
netické anomdlie.
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Fig. No. Material Type Wgt. g | Resulted Marca | Hypoth. avoirdupois wgt. | Wgt.g | Lotg wglzn‘zt:?:al Ideal wgt | Errorg
Fig. 37: 9 Pb cylindrical 4,10 262,400 Marca of Prague 253,14 | 15,821 | V4 Loth 0,144
Fig. 37: 8 Pb cylindrical 4,20 268,800 Marca of Wienna 280,70 | 17,543 | Yaloth 0,186
Fig. 37: 6 Pb cylindrical 6,40 204,800 Marca of Poland 198,90 | 12,431 | 2 Loth 0,185
Fig. 37: 7 Pb cylindrical 7,00 224,000 Marca of Leipzig 233,40 | 14,587 | 2 Loth 0,293
Fig. 37: 15 Pb spindle-whorls 8,80 281,600 Marca of Wienna 280,70 | 17,543 | 12 Loth 8,771 - 0,028
Fig. 37: 14 Pb spindle-whorls 9,50 190,000 Marca of Poland 198,90 | 12,431 | 34 Loth 9,323 + 0,177
Fig. 37: 4 Pb cylindrical 11,50 230,000 Marca of Prague 253,14 | 15,821 | 3 Loth 11,865 - 0,365
Fig. 37: 12 Pb spindle-whorls | 13,26 212,160 Marca of northern 210,00 | 13,125 | 1Loth 13,125 + 0,135
Fig. 37: 5 Pb cylindrical 14,20 227,200 Marca of Leipzig 233,40 | 14,587 | 1Loth 14,587 - 0,387
Fig. 37:3 Pb cylindrical 16,92 270,720 Marca of Wienna 280,70 | 17,543 | 1 Loth 17,543 - 0,643
Fig. 37: 13 Pb spindle-whorls | 23,13 246,720 Marca of Hungary 245,50 | 15,343 | 1and ' Loth 23,015 +0,116
Fig. 37: 1 Pb cylindrical 29,70 237,600 Marca of northern 210,00 | 13,125 | 2 and s Loth 29,174 + 0,169
Fig. 37: 2 Pb cylindrical 30,80 246,400 Marca of Hungary 24550 | 15,343 | 2 Loth 30,686 | +0,114
Fig. 37: 11 Pb spindle-whorls | 40,40 235,054 Marca of Leipzig 233,40 | 14,587 | 2 and 3 Loth 40,114 | + 0,285
Fig. 37: 10 | bronze/brass | cup-weight 117,09 234,180 Marca of Cologne 234,00 | 14,625 | 2 Marca 117,000 | + 0,090

Tab. 9. Overview of hypothetical historic metrological relations of weights from the Buchberg site (historical weight standards by Hladik 1953; Hlavdcek — Kaspar
— Novy 1994, 129—152; Dolezel 2008q, 198—201, Tab. 2; Wachowski 1974, 183—187, 2006; Witthdft 1993). — Tab. 9. Piehled hypotetickych stredovékych metro-
logickych souvislosti zdvaZi z aredlu Buchberg (historické hmotnostni standardy podle Hladik 1953; Hlavdcek — Kaspar — Novy 1994, 129152, DoleZel 2008aq,

198-201, Tab. 2; Wachowski 1974, 183—187; 2006, Witthéft 1993).

same time, high content of silicon and light elements
seem to favour this hypothesis. However, the amount of
this type of slags is too large to be explained exclusively
in this way. Another assumption sees them as waste
products from the smelting of low-quality and unsorted
iron ores with a higher proportion of tailings; these ores
should form an inhomogeneous furnace charge. This
could be indicated by the characteristic glassiness,
which cannot be produced during the smelting of high-
quality ores by direct reduction, but also by the rela-
tively higher content of silicon and alkalis in the glassy
parts. Last but not least, these slags could have been
produced during the very efficient iron smelting, which
is achieved only in modern blast furnaces; however, this
hypothesis is least likely.

A particular part of the type 2 slags does probably
represent iron ore metallurgy waste. This is indicated
by their structural-textural features (fluid-structure),
phase composition (spherical inclusions of pure Fe),
and their formation in reductive conditions (blue-
green brava is a consequence of the presence of Fe?*
in the glass). In the vicinity of Buchberg, limonite ores
are located in the neighbouring Dlouha Ves (Jurdacek
2011) where they are bound to serpentinite weathered
rocks. Limonites and Fe carbonates can also be found
in the surface weathered parts of the ore veins at
Buchberg. The presence of Fe-S and Cu-Fe-S inclu-
sions in slags may have indicated their processing.
However, these inclusions can also be interpreted as
a consequence of the contamination of the entire area
during the ore mining and processing. Suppose we as-
sume the spatial interconnection of forges with iron
metallurgy based on trial fieldwork and analyses of
slags and scalings. In that case, it is possible to con-
sider the processing of limonite and Fe carbonates
from local weathered rocks, which had to be removed
in the process of searching for and mining of silver-
bearing sulfides anyway. Iron ore metallurgy per-
formed in the area of medieval mining of polymetallic

ores is well documented at Havirna in the Svratka re-
gion, where researchers assume the processing of
limonitic ores from weathered parts of the deposit, as
well as ores transported from the surrounding area
(Maly 2020).

Until the 13™ century, we can find evidence of iron
processing in virtually all types of settlements; more-
over, these settlements do not need to be directly spa-
tially connected with the occurrence of ores or places
of their mining (Pleiner 1958, 208-224, 233-264; Sou-
chopova 1995; Klapsté 2005, 339, 504; Havrda -
Podliska — Zavrel 2001; Havrda — Podliska 201 1; Hlubelk
— Slézar 2014). The fact that the demand for iron be-
longed among one of the driving motifs for colonisation
seems to be corroborated by the settlement of periph-
eral areas in northern Moravia and the Jesenice region
(Klapste 2005, 297-299, 345-346, 487-488). The iron
processing may have influenced the discovery of sil-
ver-bearing ores (Crkal 2017; Schubert et al. 2020).
Some of the iron ore occurrences result from oxidation
processes of primary polymetallic mineralisation, as
the mixture of oxides and hydroxides of iron repre-
sented raw material that was easily extracted and met-
allurgically processed. Therefore, the discovery of sil-
ver-bearing ores may be seen as a consequence of the
search for and mining of iron ores in these genetically
and spatially linked deposits (Houzar 1996). The earli-
est archaeological evidence of iron ore metallurgy in
the Bohemian-Moravian Highlands includes finds from
the site of Staré Mésto located to the west of Zd4r nad
Sazavou. Its origins can be traced to the mid-13™ cen-
tury. The number and character of the relics of iron
metallurgical and blacksmithing facilities can be only
described as extraordinary (Zatloukal 1999; Geisler —
Zatloukal 1998; Geisler 2004; 2005; 2006; Geisler —
Maly 2006). By far, the most significant group of finds
consists of large volumes of slags. These finds corre-
spond to the occurrences of iron ore in the area (Maly
2005).
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Part of the slags from Buchberg (type 1) was formed
during oxidative processes, i. e. probably during forging.
Forms entirely cup-shaped/plano-convex shapes, prob-
ably originating from the hearths of blacksmith fur-
naces (Figs. 26 and 27), as well as the numerous con-
centration of scalings and spherules, especially in the
filling of structures 0503 and 0502 in the trench
2/2018 (Fig. 30) seem to corroborate this assumption.
However, the archaeological material prevents us from
deducing whether the forging processes can be con-
nected with the initial treatment of the compacted iron
sponge, or with the advanced processing of the already
finished iron, or with both. Forges represented a com-
mon type of workshops present in mining centres, as is
clear from the Ius regale montanorum, Chapter XVI De
Fabris (CIB I, 310-313). Several blacksmith facilities in-
dicated as magnetic anomalies with the occurrence of
slags of the same type as in Utin were detected in the
mining complex near Vyskytna in the Pelhfimov region
(Hruby 2019, 76-77, 142, Fig. 108: 4-6). The absence
of a natural water source represents a standard feature.
The site of Cvilinek is also worth mentioning, as the
studied relics of metallurgical facilities and waste heaps
indicate the existence of an integrated metallurgical and
blacksmith workplace located on the banks of a stream
(Hruby et al. 2012, 365, Fig. 42; 375, Fig. 72: 2, 3). As
far as more distant analogies are concerned, forges lo-
cated on the Riester vein near the town of Sulzburg in
the Black Forest (Goldenberg 1999, 21; Goldenberg —
Steuer 2004, 54), or in Brandes in the French Alps,
where remains of constructions of several smithies and
tools were uncovered (Bailly-Maitre 2010b, 228-230),
can be named.

6.6. Fuels used for metallurgical processes
Anthralogical analysis of a sample of wood charcoals

obtained from the structure 0503 and layer 0108 (Tab.
10; Diagram 1) provided an interesting and mostly sur-

80
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prising testimony regarding the quality of fuels used for
metallurgical processes, as well as the selection of suit-
able tree species for their production. The assemblage
consisted of fragments of maple (Acer), alder (Alnus),
birch (Betula), hazel (Corylus), beech (Fagus), spruce
(Picea), poplar (Populus) and poplar/willow taxon (Po-
pulus/Salix) charcoals, i. e. charcoals of predominantly
heliophilous “successive” woody plants that grow on
glades, forest clearings, and along forest edges. The as-
semblage is dominated by birch (67% of charcoals), fol-
lowed probably by aspen (Populus and taxon Populus/
Salix) - a total of 23% of the charcoal fragments. The
“climax” woody plants of the main tree layer of the local
forests (beech, spruce, maple) make up only 3% of the
assemblage.

The fact that the working space around the furnaces
or in their fillings contained fuels consisting of a mix-
ture of less calorific trees correlates to some extent with
the results of analyses performed at the contemporary
mining and metallurgical site of Cuvilinek in the Pelhfi-
mov region. The species spectrum of charcoals enclosed
in slags consisted mainly of beech, and it can be con-
sidered as evidence of the selection of calorific trees. On
the other hand, the charcoal samples from furnaces
and their surroundings contained a balanced propor-
tion of conifers (fir, spruce, fir/spruce) and deciduous
trees (beech, birch, alder, poplar/willow) and a small
admixture of maple and elm (Hruby et al. 2012, 381).
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Tab. 10. Trench 2/2018, feature 0503, layout 0108. Charcoals. Determined
by Romana Kocdrovd. — Tab. 10. Sonda 2/2018, object 0503, vrstva 0108.
Uhliky. Ur¢ovala Romana Kocdrovd.

7,00
72,85

70

60

50

40

%

30

Diagram 1. Anthracological analy-
ses of charcoals from the feature

18,00

20

15,17

0503, layout 0108, black: quantity,
grey: weigt (g). Determined by Ro-

Betula

Corylus

Fagus

mana Kocdrovd — Graf 1. Antrako-
logickd analyza uhliki z pece 0503,
vrstva 0108, €ernd: pocet Sedd:
hmotnost (g). Urcovala Romana
Kocdrovd.

Picea Populus  Populus/Salix

372

PAMATKY ARCHEOLOGICKE CXII, 2021



Hruby et al., Medieval Mining Centre of Buchberg in the Bohemian-Moravian Highlands

333-384

Fig. 49. Comparison of the magnetic survey and cropmarks (maps from the Geoserver CUZK) of the surveyed area B. 1-13: Most probable mining settlement
structures. — Obr. 49. Srovndni magnetickych a porostovych anomdlii v ¢asti plochy B. 1-13: Velmi pravdépodobné se jednd o relikty staveb (podkladové mapy
z geoserveru CUZK).

Such spectrum can be probably linked with the fact
that some of the pyrometallurgical operations such as
roasting, heating of furnaces before re-melting etc. did
not require a selected type of fuel.

6.7. Settlement complex

The magnetometric survey was the most effective tool
for detecting construction relics of the mining settle-
ment. Planar magnetograms provide sufficient informa-
tion on the presence of subsurface construction fea-
tures, and if the data are interpreted correctly, their
mutual spatial relationships at the primary level can
be assumed. In comparison with medieval rural settle-
ments, the remains of sunken dwellings in mining set-
tlements manifest themselves as significant and con-
trasting magnetic anomalies. The mining settlement at
Cvuilinek represents an exception, as the contrast be-
tween the magnetic manifestation of sunken dwellings
and the surrounding environment was very weak (Crkal
et al. 2019, 887-923).

Altogether, 88 magnetic anomalies were detected in
areas B, E and F, which can be interpreted as the so-
called pit houses based on their dimensions and shape
similarities (Figs. 9: F; 51). Moreover, vertical aerial pho-
tographs taken in 2018 corroborated the existence of at
least seven such structures arranged in a regular row
along the mining works in area B (Figs. 9: B and 49: 1-
7). In the southern part of area F, another line of these
structures can also be seen; however, they are arranged
transversely to the direction of the leading mining

stretch (Fig. 49: 12-13). Elsewhere, anomalies consid-
ered to be relics of constructions appear in more disor-
dered clusters. Individual anomalies that are arranged
in continuous lines are situated close to each other, and
their distances vary from 1 to 2, maximum 3 m. On the
other hand, structures in clusters are more spread;
their distance varies between 6 and 16 m. According to
magnetic prospection, the presence of settlement con-
struction relics is not so apparent in the area G located
to the west of the mining area; however, in the northern
and central part of the area, anomalies are correspond-
ing in magnetic value, size and partly shape to the
structures in areas F and B (Fig. 50).

The area K laying to the west of the main group of
mining dumps, which has not been subjected to the
magnetic survey, artefacts prospections or metal detec-
tor prospections, remains mostly unknown (Fig. 9: K).
We can probably mention a reference citing a tavern lo-
cated on the way to Utin (ad viam precedentes penes
hospicium sepius dicti Th. Versus villam Ottonis) pre-
served in a deed dated October 25%, 1258 (CDB V/1,
No. 167, p. 267).

The spatial arrangement of medieval mining settle-
ments, as well as the appearance of dwellings, belong
among the long-term research topics targeted by me-
dieval mining archaeology (Crkal et al. 2019; Derner —
Hruby 2018; Hruby — Derner — Skorepova 2019). The
construction and infrastructure of mining settlements
were to be governed by specifically established princi-
ples. According to the Jihlava Mining Law, a total of 16
plots (Item quilibet mons mensuratus XVI areas de jure
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Fig. 50. 2013 and 2014 magnetic surveys in the areas B and F. Interpretation
of the detected anomalies as probably settlement structures. — Obr. 50.
Magnetické prospekce v letech 2013 a 2014 v plochdch B a F. Vétsi z de-
tekovanych anomdlii Ize s jistou pravdépodobnosti detekovat jako relikty
staveb.

obtinebit) were to be located for each mining rate mea-
suring seven lans (in German Lahn, Latin laneus). The
German legal text formulated in the second half of the
14" century in Jihlava clearly state that dwellings were
to be established on these plots (in German: Hofsteten),
which were to be adequately built (die schollen orden-
leich gepauet sein pei der zeche). Meat and bread shops
and spas were allowed to be established in one, two or
more such buildings. Beer, mead and wine were also al-
lowed to be tapped (CIB I, pp. 116 and 329; Tomaschek
1897, Nos. 84 and 86, pp. 46-47). The existence of such
a tavern at Buchberg is mentioned in the Slapanov deed
from 1258.

6.8. Sacral building in the area of the Buchberg
mining centre and its location

The presence of burial grounds in some mining centres
can be directly linked to the existence of sacral con-
structions (Bailly-Maitre 2002, 165-167; Bailly-Maitre —
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Dupraz 1994, 145-151; Alt - Lohrke 1998; Lohrke 2003).
Around the mid-13" century, mining churches and
chapels were constructed only in the most populous
mining centres in the Havlickuv Brod region. There
were several reasons for founding sacral buildings, but
the most important was a large number of inhabitants
of mining centres at the peak of mining activities. The
capacity of the original churches located in the area was
soon exceeded and, thus, the only solution was to build
new churches or at least chapels directly in the mining
settlements. Churches were established with the con-
sent of the administrators and were affiliated to the
most important religious centres; for Buchberg, such or-
ganisations were the parish churches in Brod, Pribyslav
and Pohled.

None of the sacral buildings that were constructed in
the mining settlements of the 13" century has been ar-
chaeologically examined in the Czech Republic; infor-
mation about them is exclusively taken from docu-
ments. In the second half of the 13% century, several
competence disputes occurred between the plebeians of
the original parish churches on the one hand and the
administrators of mining churches and chapels on the
other. The first known dispute was recorded in 1256
and was judged by the Bishop of Olomouc under
canonic law. The dispute concerned the churches in
Dlouh& Ves and at the Mons Medium mine (Mittelberg;
Fig. 2: 7), which were claimed by the Brod plebeian and
the member of the Order of German Knights Benedict
(Benedictus) against the mining administrator Henry
(Heinricus); Benedict stated that the churches were lo-
cated within the borders of his parish of Brod. In his
defence, Henry cited that he had received both churches
from the abbot of the monastery in Vilémov. However,
his statement was not proved, and the churches were
assigned to the Brod plebeian (CDB V/ 1, no. 90, p. 164).

The sacral building situated in the Buchberg mining
centre was also affected by such a dispute, which was
judged by the Archdeacon of Koufim in 1265, and
which broke out between the parish churches in Pohled
and Pribyslav. The Pohled plebeian, Jacob, blamed Die-
trich (Dietricus), a vicar from the church at the mons
Herliwini (Herliwinberg) mine, for using income from the
villages of Stfibrné Hory and Utin. However, according
to Jacob, the income should have belonged to the church
of Pohled. According to a complaint of the Pohled ple-
beian, the vicar of Herliwin caused damage to his church
also by activities in a chapel at Buchberg, which accord-
ing to him was also situated within the Pohled parish dis-
trict (CDB V/ 1, No. 447, pp. 661-662). The Pribyslav ple-
beian did not intend to give up the chapel on Buchberg,
and the dispute continued for many years, as is corrob-
orated by a mandate deed dated August 27%, 1272, in
which the Bishop of Prague, John III from DraZice, com-
missioned Helvik (the plebeian from Brod) to investigate
the case. The Abbess Catherine of the local Cistercian
monastery represented the Pohled side (CDB V/2, no.
673, pp. 307-308).

Surface surveys located the defunct mining centre
Herliwinberg in the vicinity of the solitary church of St.
Catherine surrounded with a cemetery (Fig. 3: 3; 4 and
5). The site is located 900 m to the south-east of the vil-
lage Stribrné Hory (Rous 1998a, 108; 2001a, 69, 71, 77;
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Fig. 51. Hypothetical 3D reconstruction of the
medieval mining settlement. 1A, 1B: A model
based on the excavations conducted on the
Kremsiger site (Crkal et al. 2019, 906-908,
915, Fig. 3); 2A-2C: Based on the excavated
mining settlements in Jihlava and the Cvi-
linek site (Crkal et al. 2019, 896, Fig. 9). —
Obr. 51. Hypotetické trojrozmérné rekon-
strukce hornickych obytnych staveb. 1A, 1B:
model zaloZeny na vyzkumu hornického
aredlu Kremsiger (Crkal et al. 2019, 906-908,
915, Fig. 3); 2A-2C: model zaloZeny na
vyzkumu hornického aredlu Jihlava a Cvilinek
(Crkal et al. 2019, 896, Fig. 9).

2004, 50). Although the medieval origin of the cemetery
cannot be corroborated without proper excavations,
mining communities from the Herliwinberg and Buch-
berg settlements could be buried here in the 13" cen-
tury. At the same time, it is possible to assume that the
Buchberg chapel probably did not fulfil this role. The
chapel at Buchberg, unlike the Herliwini church, has
disappeared and its location is the subject of prospect-
ing. In this respect, the local toponymy Hajba, related
to the northern part of the complex, is very interesting
(Fig. 9). The Pribyslav chronicler FrantiSek Ptiza noted
in 1914 that it might be related to a distorted version of
the German Heilige Barbara, indicating perhaps the
chapel mentioned in the deeds (Rous 1998a, 107-108,
114; Rous 2001a, 80, Fig. 7). The dispute recorded in
1265 suggests a connection between the church at Her-
liwinberg and the chapel at Buchberg. It cannot be ruled
out that the chapel was founded as a kind of branch of
the Herliwini church. The effort of the Pfibyslav ple-
beian to defend the chapel at Buchberg suggests that
both sacral buildings were established at a time when
both mines were under the administration of the parish
of Pribyslav. However, with the establishment of the
monastery in Pohled/ and the establishment of the local
parish after 1265 (Svitdk 1996, 8-11), both sites were
incorporated in the newly allocated territory of the
Pohled religious administration centre.
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6.9. Conclusions

Systematic and long-term research and exploration of
medieval mining areas in the last more than twenty
years have provided a more comprehensive picture of
mining activities at the end of the Pfemyslid era, both
in terms of spatial distribution and community infra-
structure of the mining centres, as well as their social
structure. Even though we are well aware that the evi-
dence comes predominantly from non-destructive sur-
veys and small-scale fieldwork, it can be assumed that
our understanding the production of metals, and espe-
cially silver, as one of the phenomena of the later Bo-
hemian Middle Ages has acquired more concrete con-
tours thanks to the research of mining areas.

Buchberg can be described as a period large-scale op-
eration. The extent of the mining area and the adjacent
settlement in the 13" and 14" centuries ranks it among
the largest sites of this type in the Premyslid domain,
together with sites such as Mons medium (Mittelberg) lo-
cated to the south of Brod (Fig. 2: 7), Staré Hory near
Jihlava, Havirna in the Svratka region and Kremsiger
in the Ore Mountains (Derner et al. 2019, 932, Fig. 3;
934, Fig. 4). It can be easily compared to the most
extensive European mining complexes, which briefly
flourished in their time, but completely disappeared
during the 14% or at the latest in the 15% century. To
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mention just a few of those that were archaeologically
excavated: the historic Bleiberg at the Treppenhauer site
in the Saxon part of the Podkrusnohofi (the foothills)
region (Schwabenicky 2009), Altenberg in North Rhine-
Westphalia (Dahm — Lobbedey — Weisgerber 1998), or
Brandes en Oisans in the French Alps (Bailly-Maitre
2019).

References mentioning the tavern in 1258 and the
sacral building in 1265, 1272 and 1327 underline the
notion of the exceptionally well-developed community
infrastructure of the centre. However, the unique ten-
ancy deed of 1258 citing a list of specific mines form-
ing the so-called mountains (or the so-called Pribyslav
mountains) also presents us with the unsolvable prob-
lem concerning the topographic identification of the
named mines. The historic mining landscape around
Utin undoubtedly contains other of the mines above-
mentioned in the text; however, they probably merged
with the most dominant site as a result of later topo-
graphic and onomastic generalizations.

According to the written sources, the greatest pros-
perity of Buchberg can be traced back to the period be-
tween 1250-1278 (Rous 2004, 49-51). Even though the
structures of the mining settlement have not been exca-
vated (Figs. 48-50), it is admissible to assume that the
majority of them belong to the period of the peak of local
mining activities under Smil of Lichtenburg (died 1269),
or in general during the reign of Ottokar II of Bohemia
(1253-1278). The finds of coins of John of Luxembourg
(Fig. 45) and the pottery belonging to the so-called sec-
ond horizon (Rous 2001a, 80, Fig. 8: 22-49; 81, Fig. 9:
1-28) indicate that the centre continued to exist during
the indignant reign of Smil’s heirs and under Rajmund
of Lichtenburg (died after 1329), Henry of Lipa (Jindrich
z Lipé, died 1329) and possibly Hynek Zlebsky of Lich-
tenburg (died 1351). The pottery sherds belonging to the
latest horizon (Rous 2001a, 81, Fig. 9: 1-28) indicate
that the mines survived well into the Late Middle Ages
and the beginning of the Modern Era. This phase may
have been related to attempts to resume metal mining
under the noble family of Tré¢ka of Lipa. However, com-
paring to the flourish of mining activities in the second
half of the 13" century, the site underwent a period of
decline. Even the rotary key (Fig. 43), which could be
linked to the existence of mines and settlements at that
time, may eventually represent a lost object.

In none of the deeds from 1258 to 1351, Buchberyg is
explicitly mentioned as a silver mine, although the ref-
erence of a urbarium (register of ownership) and the fact
that Mint masters at the silver mines lent it may prob-
ably signify the production of silver. Quite the contrary,
analyses of several samples of minerals from old mining
waste have corroborated the presence of essentially only
sulphides of non-ferrous metals (Fig. 13). Further pos-
sible mineralogical survey of the site would probably
lead to the discovery of other ore minerals. For example,
the nearby located Ag-adit at the Sdzava River provided
microscopic finds of tetrahedrite with a silver content of
up to 20 wt. %, stanine and probably cassiterite (Maly
— Havlicek — Sobotlka 2020). Several ore minerals, such
as boulangerite, bournonite, miargyrite, silver, berthierite,
jamesonite, andorite, freibergite, chlorargyrite, or acan-
thite, have recently been attested and confirmed in other
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parts of the Havlickuv Brod region (Sejkora et al. 2015).
Moreover, the ore from the heaps around the shafts
does not represent typical raw material to be processed,
but unusable waste. Therefore, more reliable data on
the quality and composition of ore concentrate can be
obtained by systematic research in the areas of me-
dieval gravity treatment facilities, where the valuable
raw material was taken from the mines for further pro-
cessing. Material from these facilities usually shows
a larger proportion of silver-bearing lead ores, as well
as a wide range of silver minerals that could be detected
microscopically (Hruby et al. 2012, 360, Tab. 5; Hruby
etal. 2019, 949-981), which contrasts with samples ob-
tained from mining heaps. At the same time, we can
probably repeat the statement that has been already
mentioned in the literature, namely that the mining of
polymetallic ores cannot end with the exclusive produc-
tion of a single metal, however rare and expensive. The
majority of mining and metallurgical centres produced
a spectrum of metals according to the types of ores
mined there and the sales on the market. The demand
for utility metals was undoubtedly considerable at the
time of emergence of towns with their rising suburbs,
as well as in the construction of monasteries or new
agricultural settlements. The viability of mining and
metallurgical centres was, thus, proportional to their
ability to meet this demand. In this respect, we can per-
ceive the Buchberg mining complex as a wide-range pro-
ducer of copper, lead and iron for the regional and long-
distance market. Silver, which mainly utilised by the
royal mint in Brod, may not have been the basis for
a long-term economy and the existence of the centre as
it represented a minority volume product.

English by Petra Marilkovd Vickovd

The study was supported by the NAKI II project Advan-
ced archaeometric methods for quality data obtaining for
large complexes of artefacts (DG20P020VV007) and the
TACR ETA project Optimised archaeological prediction
within the framework of the preparation of large-scale
structures (TLO3000537).

Souhrn

Historické souvislosti nejstarsi stfedovéké tézby
stiibronosnych rud na Havli¢kobrodsku

Po poloviné 13. stoleti zazivaly premyslovské zemé predevsim za-
sluhou Ceskomoravské vrchoviny sviij prvni rozkvét produkce ba-
revnych kovti. Jedno z center téZby polymetalickych rud se v té
dobé nachazelo pobliZ obce Utin (obr. 1: 8; 2: 10). Neslo pojmeno-
vani Buchberg (Mons Fagus) a mélo rozvinutou komunitni infra-
strukturu zahrnujici sidlisté, sakralni objekt a Senk (hospicium).
Torzalni obraz komplexu lze rekonstruovat na zakladé¢ listin a ne-
destruktivni prospekce doplnéné sondazi. Soucéasti studia kom-
plexu jsou geochemické analyzy pestrého spektra archeometalur-
gického materialu. TéZba stiibra u Utina vyplyva z listiny z 25. fijna
1258 (CDB V/1, €. 167, s. 267). Kromé jmen banskych kralovskych
urednikti zname i jména téZart, kterym byly podniky proptijceny.
Listina obsahuje vycet dol1 a Stol, ktery doklad4 mimoradny roz-
sah dulni ¢innosti. Posledni stopu o dole (Puchberch) 1ze zachytit
k roku 1351 (CIM 11, s. 575, ¢. 1362).

Topografie, geologické a loZiskové mineralogické poméry

Areal je situovan na vyvySeniné€ mezi obcemi Hesov a Utin (obr. 12).
Buchberg je vzdalen od Havlickova Brodu 9,3 km jihovychodné.
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Lokalita je souc¢asti tzv. havlickobroského rudniho reviru s vyskyty
polymetalickych mineralizaci. Typicky je pyrit, pyrhotin, sfalerit
a arsenopyrit; v Ziloviné prevlada kfemen. Zily maji mocnost do de-
sitek cm a smérnou délku nejvySe v prvnich stovkach metru. Di-
slokacni zény jsou podstatné mohutnéjsi. Stopy historické dulni
¢innosti 1ze pozorovat na dvou rudonosnych strukturach rozshlé
dislokacni zény sméru SSZ-JJV (obr. 2, 9 a 10).

Metodika prospekci

Diky aktualnimu odlesnéni arealu bylo mozné pouzit dalkového di-
gitalniho sbéru dat metodou vicesnimkové fotogrammetrie Struc-
ture from Motion (SfM). Pfi magnetickém méfeni byla v sezénach
2013 a 2014 promérena plocha F (5,0 ha; Fig. 11: F, parcel No.
209/1). V roce 2018 byla proméfena zatravnéna plocha G (5,2 ha)
zapadné od dobyvek (obr. 11: G).

Pri sbérech byla v ploSe B a F vyty¢ena ortogonalni sif odpovi-
dajici siti magnetického méreni z let 2013 a 2014 (obr. 11: F). Po
hranicich étverct byly stanoveny sbérové trasy nejprve v podélném
smeéru a pak i v priéném smeéru, coz zvysilo interpola¢ni a inter-
pretac¢ni potencial pri pozdéjsi extrapolaci dat do plochy. V téchto
trasach byly v pasech 8ifky 2 m provadény sbéry zameérené zvlast
na keramiku a zvlast na strusku. Data byla zpracovana v prostiedi
ArcGIS interpola¢nimi metodami Nearest Neighbor (Burrough 1986)
a Kriging (Ebdon 1985). Sbérova prospekce byla doplnéna pro-
spekci detektorem kovu. Pfi ni se ukazala problematicka ti¢innost
detektoru s pevnym nastavenim parametrti. Pri¢inou byl hojny vy-
skyt strusky s pritomnosti kovovych fazi, jejichZ odezvu se nepo-
darilo odladit.

Analytika archeometalurgického a antrakologického
materialu

Strusky (obr. 26-29; tab. 1 a 2): Na zakladé fyzikalnich vlastnosti
byla vybrana reprezentativni skupina vzorka predstavujici 5-10 %
souboru. U téchto vzorkt bylo ruénim XRF analyzatorem meéfeno
prvkové sloZzeni. Magnetickd susceptibilta strusek byla méfena ruc-
nim kapametrem KP-5. Ze strusek byly zhotoveny vybrusy a na-
brusy, které byly studovany v optickém mikroskopu Olympus
BX40. Nabrusy byly studovany v elektronovém mikroskopu s EDX
analyzatorem.

Sférule a okuje (obr. 30 a 31; tab. 3): Okuje byly z pudy sepa-
rovany Slichovanim. Takto ziskané téZké nerosty byly zkoumany
v optickém mikroskopu. Dale byly vzorky zkoumany v elektrono-
vém mikroskopu a po pripravé lesténych nabrusti i elektronovym
rastrovacim mikroskopem s pripojenym EDX analyzatorem.

Slitlcy barevnych kovti (obr. 32-36; tab. 4-8): Slitky byly oc¢iStény
a analyzovany s pomoci ru¢niho XRF spektrometru.

Drevené uhliky (tab. 10; graf 1): Zlomky uhlikti byly analyzovany
pomoci svételného mikroskopu. Na ¢erstvych lomnych plochach
byly uhliky prohliZeny pfi zvétSeni 50x, 100x a 200x.

Exkavace reliktd metalurgickych zafizeni sondou 2/2018

Magnetickym méfenim byla v prospektovaném arealu F zachycena
oblast maloplo$nych anomalii vysokych hodnot. Ty byly sefazeny
v dvojité linii v ose JZ-SV a lze je interpretovat jako baterii asi dva-
ceti peci (obr: 11: F).

Soustava vykoptt 0501, 0506, 0508 a 0509 s kkomponenty meta-
lurgické ¢innosti: Dominantnim prvkem byl mélky, avSak rozsahly
vykop 0501 s plochym dnem a s komponenty metalurgické ¢innosti
(obr. 20-25).

Zahloubena struktura 0502 s komponenty metalurgické ¢innosti:
Jedna se o vykop o rozmérech 190 x 190 cm. Ve svrchni ¢asti vy-
plné se nalézala kovarska vyhen s pramérem 55-58 cm stavéna
z kamenu a predevsim strusek (obr. 22 a 26).

Zahloubena struktura 0503 s komponenty metalurgické ¢innosti:
jednalo se o vykop kruhového pudorysu s primérem 120 cm
a hloubkou 58 cm). Svrchni ¢ast vyplné tvori uloZenina 0108 s vy-
raznou primési strusek a uhliku (tab. 10; graf 1).

Struktury vazané na vykopy 0501, 0502, 0503, 0506, 0508

a 0509 maji pres stratigrafickou posloupnost znaky priblizné
soucasného vzniku i nedlouhé existence. Zavérecnou fazi datuje
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stfibrny parvus Jana Lucemburského (1310-1346), ktery byl na-
lezen ve vykopu 0501 a v uloZeniné 0106 (obr. 49: 5). V bezpro-
stfednim okoli nebyly nalezeny stopy Zadnych stavebnich ¢i do-
konce obytnych struktur. UloZeniny mély vyluéné technogenni
charakter.

Strusky s vy$sim podilem zeleza
Vedle strusek, které nelze jednoznacné typizovat, a které tvori vét-
Sinu souboru, lze makroskopicky lze vyc¢lenit dva typy:

Typ 1 (obr. 26, 27; 28: 2, 3, 6, 12; tab. 1): strusky maji na povr-
chu hnédou, hnédocernou ¢i hnédosedou barvu. Povrchové jsou
¢lenité. Jsou silné porézni a obvykle s vysokym obsahem uhlikii.
Nejcastéji maji plankonvexni tvar.

Typ 2 (obr. 28: 4, 5, 7, 9-11, 13; 29; tab. 2): strusky jsou zpra-
vidla Sedé nebo ¢erné, obsahuji i zelené ¢i modré sklovité partie.
Drobné modrozelené sklovité tilomky byly nalézany i samostatné.
Tyto strusky nemaji miskovité (plankovexni) tvary. Na sklovitych
partiich je nékdy patrna fluidalni struktura. Sklovité strusky jsou
malo porézni a neobsahuji uhliky.

Okuje a sférule

Okuje jsou ploché (obr. 30: 5). Ve feromagnetickém podilu vyrazné
prevazuji nad sférulemi. Podle EDX analyz jsou okuje tvofeny
hlavné wiistitem (FeO). Dalsi podstatnou fazi je sklo (tab. 3). Sfé-
rule jsou nejéastéji kulovité (obr. 30: 2, 3, 4, 7; 31). Podle EDX ana-
lyz prevlada wiistit. Méné je pak zastoupen magnetit, sklo a kfe-
men (tab. 3).

Slitky olova, médnatych kovd, cinu a stfibra

Z prospekcei pochazi soubor vice nez 80 olovénych slitkti (obr. 32—
34). U dalsich slitku Ize rozlisit étyfi materialové skupiny. Prvni jsou
Cu-Sn slitiny (i. ¢. Bu 24, Bu 55, Bu 49, obr. 36: 1-5, 7, 9; tab. 5).
Jde o bronzovinu se zastoupenim olova v mnozZstvi 1,51-2,05 %.
Druhou jsou Cu-Pb slitiny (i. ¢. Bu 19, Bu 54; obr. 36: 6; tab. 6).
U téchto predméta byl zjiStén podil stribra do dvou procent. Po-
sledni je Sn slitiny (i. ¢. Bu 43, obr: 36: 8; tab. 7). Jedna se o jediny
predmét odlity do zamérné formy. Z prospekci v plose A pochézi sli-
tek stfibra o hmotnosti 4,671 g (obr. 36; tab. 8; i. ¢. Bu 29).

Keramika

Celkové bylo prospekcemi v letech 1981 az 1998 ziskano 2887
zlomkt1 keramiky (Rous 2001a, 72, Obr. 7; 80-81, Obr. 8-9). Son-
dazemi v roce 2018 byl nalezen soubor asi jen tfi desitek keramic-
kych zlomk (obr: 43: 4; 44). Keramiku 1ze rozdélit do tii horizontt.
Nejstarsi predstavuje oxidaéné vypalované zbozi s podilem tuhové
keramiky (Rous 2001a, 80, Obr. 8: 1-21). Druhy horizont je cha-
rakteristicky protoredukénim vypalem (Rous 2001a, 80, Obr. 8:
22-49; 81, Obr. 9: 1-28). Cast souboru tvoii zlomky pokrocilé re-
dukéni keramiky z pokroc¢ilého 15. stoleti a z 16. stoleti (Rous
2001a, 81, Obr. 9: 1-28).

Zelezné predméty

Mezi Zeleznymi predméty, vétSinou neurcitelnymi, nebo jiného, nez
stredoveékého stari, vynika esencialni druh artefaktti stfedovékych
hornickych lokalit, a sice hornicka Zelizka (obr. 45 a 46). Soucasti
souboru Zeleznych pfedmétu je také oto¢ny Kkli¢ s dutym diikem
a paskovym okem kruhového tvaru (obr. 47). Jde o rozSifeny typ
15. az 17. stoleti (Kilian 2008, 22, 27). Je otazka, zda nalez souvisi
s novovékymi pokusy o obnoveni téZby, nebo zda se jedna o na-
hodnou ztratu.

Zévazi v souvislostech produkce drahych kovi

Pravidelnou skupinou nalezu ze stfedovékych hornickych center
jsou zavaZzi. Mohou souviset s ¢innosti zkousSecti (examinatores)
a rudokupcti (emptores metalli). Zavazi na Buchbergu evidujeme
Sestnact. Nejrozsifenéjsi typ predstavuji olovéna zavazi valcovita az
dvojkénicka (obr. 41: 1-9). Druhym typem jsou bronzova nebo mo-
saznd miskovita zavazi (obr. 41: 10; 42). Specifickou skupinu pred-
stavuji olovéna kolecka, popt. kuZele s otvorem (obr. 41: 11-15).
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Pfedméty z barevnych kov, sklenéné perly a mince

V plose F byly nalezeny dvé desticky s nyty, které byly ndkonc¢im
opasku (obr. 48: 7, 8). Mezi soucasti odévu fadime také dvé meédéné
ozdobné nasivky v podobé stylizovaného kvétu lilie a s kruhovym
otvorem (obr. 48: 1, 2). Déle 1ze zminit béZné stiedoveéké prezky (obr.
48: 9-12). Povrchovymi prospekcemi byl nalezen také sklenény ko-
ralek a zlomek koralku (obr. 50). Detektorovym pruzkumem byly
nalezeny také ¢tyfi prazské groSe Jana Lucemburského (1310
1346). Parvus Jana Lucemburského predstavuje jediny exkavacné
determinovany mincovni nélez (obr. 49).

Otazka téZebniho arealu

Otézka doby vzniku a provozu $tol na sazavském levobieZi je bez den-
drochronologickych dat z vydrev prakticky nereSitelna. To i presto,
Ze o dvou provozovanych a bliZe nelokalizovanych Stolach se vyslovné
zminuje jiz listina z 25. fijna 1258 (CDB V/1, ¢. 167, s. 267). Tzv.
Freibergova Stola se podle listiny z roku 1261 méla dokonce nachazet
na Buchbergu (CDB V/ 1, €. 252, s. 385). Pfi zachovani kritického pfi-
stupu je nejisté i datovani poztistatkti Sachet s odvaly. Zda se, Ze po-
kusné a prizkumné prace v pozdnim stfedovéku a v raném novo-
véku zménily starsi montanni reliéf. Stopa hornictvi ve 13. a 14.
stoleti tak ztistala zachovana v rozmérech odvalovych pasem.

Otazka hutnictvi polymetalickych rud
a nezelezné metalurgie

Vzhledem k absenci strusek po tavbé polymetalickych rud predpo-
kladame, Ze hutnictvi barevnych kovli probihalo na jiném misté.
Nejbliz§im struskovistém je asi 0,75 km vzdaleny areal na jiZznim
bifehu Sazavy (obr. 3: 2). Zde byla potvrzena pritomnost drcené
popf. mleté rudniny i vrstvy strusek (Hruby — Maly — Milo 2016).
Interpreta¢né problematické jsou nalezy slitkti médi, dale slitin
Cu-Sn a slitin Pb-Sn (tab. 5-7). Jedna se sice jen asi o desitku
predmeétt (obr. 40), avSak v ramci lokality zjevné€ nejde o ndhodny
vyskyt bez souvislosti se stfedovékou metalurgii. V principu se
muZe jednat i o doklady slévaéstvi. Kromé toho muzZe jit o stopu
prubifstvi. Za indikator hutnické, nebo pravdépodobnéji prubifské
praxe, lze rozhodné povazovat ¢etné slitky a tikkapky olova (obr. 36—
38; tab. 4). Souvislost s prubifstvim je velmi pravdépodobna u pe-
cickovitého slitku stfibra (obr. 39; tab. 8).

Otézka tézby Zeleznych rud, jejich hutnictvi
a prvotniho kovaiského zpracovani

Sondaz zpresnila nase predstavy o metalurgickém pracovisti na
okraji hornického sidlisté, které ma znaky zZelezarské huti a kova-
ren. Nékteré ze strusek typu 2 mohly vzniknout pretavenim vy-
zdivek a vymazi peci a vyhni. Dal$i moZnosti je, Ze jde o odpadni
produkt z tavby nevytfidénych Zeleznych rud s vy$sim podilem hlu-
giny. Cast strusek typu 2 je pravdépodobné odpadem po hutnictvi
zeleznych rud. Cast strusek (typ 1) vznikla pfi kovarském zpraco-
véani. Svédéi pro to miskovité celotvary, které nejspis pochazi z nis-
t&ji kovarskych vyhni (obr. 30 and 31). Doklada to také extrémni
obsah okuji a sféruli.

Otazka metalurgickych paliv

Zajimavou vypovéd v otazkach kvality metalurgickych paliv, popf.
vybéru vhodnych druhti dfevin pro jejich vyrobu poskytla anthra-
kologicka analyza vzorku drevénych uhlika (tab. 10; graf 1). Do-
minantou souboru je bfiza (67 % uhliktl), nasledovana pravdé-
podobné osikou (Populus a taxon Populus/Salix) — celkem 23 %
fragmentt1 uhliku. ,Klimaxové“ dieviny hlavniho stromového patra
lokalnich lesti (buk, smrk, javor) tvori pouhé 3 % uhlikt. MtiZe to
znamenat, Ze nékteré z pyrometalurgickych tikont (prazeni, vyhfi-
vani peci pred novou tavbou) nevyzadovaly selektovany druh pa-
liva.

Sidlistni areal

V ploSe B, E a F bylo detekovano 88 magnetickych anomalii, u nichz
pozorujeme rozmeérové shody s tzv. zemnicemi (obr. 11: F; 55).
V kombinaci s leteckym snimkovanim z roku 2018 se na ploSe B

potvrdila pfitomnost nejméné sedmi takovych struktur v fadovém
uspoiadani (obr. 11: Ba 53: 1-7).

333-384

Sakralni objekt a otazka jeho lokalizace

Zadna z hornickych sakralnich staveb 13. stoleti nebyla v CR zkou-
mana archeologicky, tdaje o nich jsou vyhradné z listin. V druhé
poloviné 13. stoleti jde o kompeten¢ni spory mezi plebany ptivod-
nich farnich kosteltl na strané jedné, a spravci nebo vikari hornic-
kych kosteltl a kapli na strané druhé. Sakralniho objektu v dtlnim
stredisku Buchberg se tyka spor, ktery v roce 1265 soudil koufim-
sky arcidékan, vypukl mezi farnimi kostely v Pohledu a v Pribyslavi
(CDBV/1, ¢&. 447, s. 661-662). Snaha pribyslavského plebana uha-
jit kapli na Buchbergu naznacuje, Ze sakralni objekt byl zaloZen
jesté v dobé, kdy se dul nachéazel ve spravé pribyslavské farnosti.
Se zalozenim pohledského klaStera a vznikem tamni farnosti po
roce 1265 (Svitdlk 1996, 8-11) se vSak tato stfediska ocitla na nové
vyc¢lenéném tizemi pohledské duchovni spravy.

Zavére¢né shrnuti

Nejvétsi rozkveét Buchbergu lze klast do obdobi mezi léty 1250-
1278. Nalezy razeb Jana Lucemburského (Fig. 49) naznacuji kon-
tinualni existenci ve 14. stoleti. Keramika nejmladsiho horizontu
naznacuje existenci doltl i na za¢atku novovéku. V Zadné z listin
z let 1258 az 1351 neni Buchberg vyslovné jmenovan jako stribrny
dul, ackoliv skutecnost, Ze jej proptij¢ovali mincmistfi na stiibr-
nych dolech, produkci stfibra znamena. Lze vSak vyslovit mys-
lenku, Ze tézba polymetalickych rud nemutize koncit produkei je-
diného kovu. Poptavka po kovech byla v dobé& budovani mést i s ro-
dicimi se predméstimi, pfi vystavbé klasterta ¢i novych zemédél-
skych osad zna¢na. Zivotaschopnost dulnich stfedisek tak byla
umeérna schopnosti této poptavce vyhovét. Buchberg si proto 1ze
predstavit jako Sirokosortimentniho producenta kovi pro regio-
nalni i dalkovy trh. Stfibro tak nebylo jako objemové minoritni pro-
dukt zakladem dlouhodobé existence strediska.
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