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From ore to metal and from the 11t to 18% c.: the Sainte-Barbe mining site,
a central working place on the Altenberg (Sainte-Marie-aux-Mines, France)

Od rudy ke kovu a od 11. do 18. stoleti: diilni lokalita Sainte-Barbe,
centralni pracovisté v Altenbergu (Sainte-Marie-aux-Mines, Francie)
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Abstract: The Sainte-Barbe mine is located in the middle part of the Altenberg mountain range. This mining sector, continuously exploited between the
Carolingian times and the 17t c. was renowed for its lead and silver production. Archaeological investigations on the Sainte-Barbe tailing have been
led since 2011. Several phases of activity were revealed, as well as all the steps of the lead-silver production chaine opératoire. A slag heap dates from
the 11th—12th ¢., an ore processing workshop from the 15t c. has been excavated and the current work focuses on a forge, an ore storage hall and a house
from the 16t c. Especially during this period, the Sainte-Barbe site seems to have served as a technical centre for surrounding mines, due to the size of its
infrastructures. During the previous century, the site had an emblematic role for the observation of an important technical modification in ore processing.
This is concomitant with a global evolution in the operating processes in Sainte-Marie-aux-Mines. As a consequence, ore treatment operations left the
mountain slopes and took place at its foot, close to the rivers.

Abstrakt: Dul Sainte-Barbe se nachazi ve stiedni ¢asti pohoti Altenberg. Tento dilni segment, nepietrzité vyuzivany mezi karolinskym obdobim
a 17. stoletim, byl prosluly kvili produkci olova a stiibra. Archeologické prizkumy na hlusing Sainte-Barbe jsou provadény od roku 2011. Odhalilo se
nékolik fazi aktivity i vSechny kroky provozniho fetézce produkce olova a stiibra. Jedna halda strusky pochazi z 11.-12. stoleti a byla vykopana jedna
zpracovatelska dilna z 15. stoleti. Tato studie se zamé&fuje na kovarnu, halu na skladovani rudy a dim ze 16. stoleti. Na zaklad¢ velikosti své infrastruk-
tury se zda, ze lokalita Sainte-Barbe slouzila zejména v tomto obdobi jako technické centrum pro okolni doly. Béhem piedchoziho stoleti lokalita hrala
emblematickou roli v pozorovani dilezité technické zmény ve zpracovani rud, doprovazeno globalnim vyvojem provoznich procest v Sainte-Marie-aux-
-Mines. V dusledku toho provoz upravovani rud byl posunut ze svahti na upati hor, do blizkosti fek.

INTRODUCTION Digs were initiated in 1981 by Pierre Fluck and Jacques
. o ) o Grandemange. Excavations were organised each year un-

The Sainte-Barbe site is one of the most important mining | 1996 After a 10-year break, they resumed under the
places of the Altenberg mining sector in Sainte-Marie-aux-  |eadership of Pierre Fluck, and then Joseph Gauthier. The
Mines (Alsace, France). As the name of the area Suggests,  gsainte-Barbe mine is situated in the Saint-Philippe val-
mining was initiated earlier in this area, in comparison with ley, in the middle part of the Altenberg at an altitude of
the “Lorraine side” and the Neuentfrg, for which exploita- oo m asl. The tailing is impressive, one hundred meters in
tion onhly began at the end of the 15" c. and in the middle of angth (before the creation of a forest path in the 1980%s).
the 16" c. (Fluck 2000). At present, first evidence of mining  \pjest of the main plateau, two platforms extend over about
on the Altenberg dates from the end of the Carolingian Peri- 39 1, long and 5 m large. The mine was reopened by
od (Gauthier et al. 2015). The vein system has a NNE-SSW  jacques Grandemange in 1981 (Grandemange et Grande-
orlentatlon_alo.ng 4 km_. Somg tetrghe(_jnte_s can be fQUHd mange 1981). A collapse then halted the exploration after
but the main silver-bearing mineralisation is galena (silver 39 1 In the same year, they dug survey trenches where the
content lower than 0.1 %). Ores are hosted in a matrix of  g4rect nath cut the tailing. Accumulations of ore processing
siderite and compact quartz. Since mining stopped inthe be-  \yastes were observed. New trenches were dug in 2011 and

ginning of the 20" c., there are thousands of archaeological 5012 From then an extensive excavation took place and is
sites in this mountain range. still in progress.
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Fig. 1. Overall plan of the Sainte-Barbe mine and tailing, with location of the excavated areas (Grandemange 1981, Gauthier et al. 2022).
Obr. 1. Celkovy plan dolu a hlusiny Sainte-Barbe s umisténim vytézenych ploch (Grandemange 1981, Gauthier et al., 2022).

Oldest evidence on the site dates from the 110-12t c,
Archaeological investigations also point to activity during
the 15 c. The 16" c. is largely documented through field-
work and also in archives. In fact, the name Sainte-Bar-
be was the one of the mining concession during the first
half of the 16" ¢ (Fluck 2012). So far, concerning this site,
no more document are known for the 16™ c. Archives also
mention a resumption of activities on this site from 1730 to
1765 (Grandemange et Grandemange 1983). During this
late phase, all the equipment dedicated to ore processing,
smelting and supporting (forge) was situated in the town, at
the foot of the mountains. Before this period, the structures
were set up in front of the mines.

THE SUCCESSIVE ACTIVITIES OF THE SITE

A High Medieval smelting spot

The first occupation of the site dates back from the High
Medieval Period (fig. 1). Survey trenches dug during 2012
have revealed an important amount of fayalitic lead-smelt-
ing slags which were radiocarbon dated from the 11t-12t c.
The smelting activity seems to have been significant, since
the thickness of the slag heap is greater than one metre in the

trenches. Furthermore, its base was not reached, since it was
too deep. This metallurgical waste clearly indicates the pres-
ence of smelting activity on the main area of the tailing. Un-
fortunately, excavations which were carried out from 2018 to
2022 on this site have not revealed any remains of medieval
workshops. The 16 c. reoccupation seems to have cleared
the field to build the forge. Further information provided by
trial trenches obviously concerns the current terminus post
quem for the Sainte-Barbe mine.

A major technical evolution about ore processing in the
15t c.

At present, no discoveries involve the 13" c. to 14 c. peri-
od; however a large part of the site has not yet been excavated.
The next activity which evidently took place in front of the
Sainte-Barbe adit is a mineral processing workshop dating
from the 15™ c. according to radiocarbon analysis. As it was
built on the slope of the medieval tailing, one can question the
intensity of extraction from the mine at this time. The work-
shop layout was quite basic, with no permanent structure and
probably no sheltered area. The excavation (2013-2016) re-
vealed two phases of occupation, the first partially sealing
the second (Gauthier 2023). In the first half of the 15" c.,
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the workshop consisted in a 22 m? platform fitted out on the
tailing slope. This surface is minimal, since the lowest part of
the site was destroyed by the modern forest path. The soil was
studded with galena, calibrated from sands to 1 cm shards.
Lead content could reach 7 % in its layers (pXRF analysis).
In addition, two stone anvils were discovered in the tailing
layers. These objects were easily displaced, and they did not
leave any mark on the workshop floor. Nevertheless, it is clear
that the main activity of this spot was to crush ore, manual-
ly. An open, square, wooden crate was associated to the soil
(L 135 x W95 x D 75 cm). Its filling indicates that its purpose
was to clean the ore to remove its earthy elements. Another
light structure was found (fig. 2): this involves a circular (di-
am. 90 cm), with very hard walls of sand and clay reaching
about 10 cm high, and placed on five wooden planks. The lead
content in this structure reaches 19 % (pXRF analysis). There
is yet no substantial interpretation for its presence. It could be
the result of a sieving spot, where a small amount of water was
used, but this remains an extrapolation.

Fig. 2. Light structure found on the crushing floor. Highest lead contents
are located back to the circle. Lead contents on the inside sand layer are
from 5 to 9 % (pXRF analysis).

Obr. 2. Lehka struktura nalezena na podlaze na drceni. Obsah olova ve
vnitini piscité vrstvé je od 5 do 9 % (analyza pXRF).

The second phase of the ore processing workshop direct-
ly continued from the first, with hardly any interruption.
Indeed, the workshop itself was built directly on the upper
part of the tailing. Only residues of wet sorting of ores were
found. Two significant pits were discovered in the slope:
they had been dug through the stones of the tailing and
were filled with an accumulation of very fine sub-horizon-
tal layers of clay, sand and silt (fig. 3). The maximum depth
is 180 cm. ICP-AES analysis provided an average lead con-
tent of about 3 %, with peaks of 14.5 %. The micromorpho-
logical study of the stratigraphy indicates that the sediment
deposits had the time to dry before a new deposit arrived
(Gebhardt et al. 2019). A certain amount of ore had obvi-
ously accumulated prior to sorting. Visual analysis shows
the use of water to sort manually grinded or stamped ore.
Nevertheless, on field no trace of equipment was revealed.
These must certainly have been destroyed during the early
modern occupation of the main tailing platform.

Fig. 3. Filling of one of the settling pits (detail). The thinness of the strata
is representative of all the filling.

Obr. 3. Napln jedné z usazovacich jimek (detail). Tenkost vrstev je repre-
zentativni pro celou napln.

Housing, ore storing and blacksmithing in the 16t c.

A new intense period of activity occurred during the 16t c.
Investigations were focused on this phase since 2018.
Three buildings were excavated: a forge, a hall and a hou-
se. The house was only discovered when a trench was dug
to characterise the occupation of the upper west platform.
The ceramics clearly set the activity into the 16" c. and
show a domestic purpose. Walls were not well preserved,
but a well-built covered stone gutter was found at the back
of the house. This is quite common for 16t c. buildings on
the slopes of the Altenberg, and its absence at the back of
the forge raises questions.

A noteworthy construction is currently being excavated
on the lower platform (2022—-2023). It consists in a unique
room, 18 m long by 5 m large. Walls are strongly built, al-
though the base of the hall is nearly not prepared. The walls
and wooden floor are directly placed on colluvium. Joists are
revealed by two linear trenches, 15 cm large, parallel to the
long walls. About two metres separate the joists. The floor-
boards can be observed, or more often guessed, thanks to
wood fibres or white linear traces. This is lead oxide powder
that has been passed through the gaps between the boards.
One can guess that this site was not occupied during a long
time, or was strictly cleaned regularly, since there is almost
no stratigraphy linked to activities. However, evidence of
mineral storage has been found on the floor (fig. 4). Despite
the important alteration of the ore, it seems to have been cali-
brated to the size of walnuts or hazelnuts. No chemical analy-
sis was carried until now, but the ores seems to be mainly
galena, in accordance with the mineralogy of the Altenberg
veins. No traces of a working place or equipment have been
found, so it is unlikely this was a workshop. The only pur-
pose of this hall could have been to store the ore, perhaps be-
tween a crushing and a sorting phase at the exit of the mine,
and then for a further phase using a stamp mill in the valley.
Such a surface dedicated to ore storage (90 sgm) suggests
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Fig. 4. Traces of galena on the floor of the ore storage hall.
Obr. 4. Stopy galenitu na podlaze haly na skladovani rudy.

Fig. 5. General view of the forge from the north.
Obr. 5. Celkovy pohled na kovarnu od severu.



Acta rerum naturalium, 28: 1-8, 2023

ISSN: 2336-7113 (Online), ISSN 1801-5972 (Print)

that materials could have been supplied not only from the
Sainte-Barbe mine but also from surroundings ones.

Unlike the house and the hall, the third building provi-
ded a very well preserved stratigraphy in a closed area. The
forge is situated on the main platform of the tailing, in front
of the mine entrance (fig. 5). It has a surface of about 37 m?
(8 x 4.70 m inside). A 1521 coin was found inside a floor
level. Two smithing hearths were built at opposite corners
of the room. Inside dimensions are about 160 x 105 cm
for one (1.65 m?) and about 210 x 135 cm for the other
(2.75 m?). Both are divided into two parts: the smallest was
used for storing a small amount of charcoal and the main
one was the hearth itself. For both structures, working areas
were well preserved and there is evidence of the location
of the wooden logs supporting the anvils and the quench
buckets (fig. 6). Indications of large bellows were disco-
vered close to the biggest hearth.

Fig. 6. Top view of the work area in front of the biggest hearth (wall on the
left). The quench bucket is in the middle on top of the picture, along the
wall. Two bases of wood log are in the corner and at the cross of the white
strings. Two wooden drains begin right to the bucket.

Obr. 6. Pohled shora na pracovni plochu pted nejvétsi peci (zed vlevo).
Kbelik na kaleni je na obrazku nahote uprostied, podél stény. Dva pod-
stavce z dievénych kulatin jsou v rohu a u kfize bilych provazki. Pfimo
u kbeliku zacinaji dva dievéné vypusti.

The excavation of the workshop floor revealed other ar-
eas with dedicated purposes: a charcoal storage, near the
entrance of the room, and an area where slags were proba-
bly temporarily rejected, to be evacuated later. Apart from
these spots, the ground consisted in a 10 to 20 cm accumu-
lation of hammer scales, slags, metallic scraps and char-
coal. These wastes covered several wooden drains fitted
out to dry the working areas around the hearths. This task
was made all the more difficult by the fact that no external
drains had been installed uphill of the building.

The paleometallurgical study of iron artefacts and wastes
allows for a better understanding of the blacksmith activi-
ties and productions. It appears that the iron used in this
workshop had already been well refined: few operations
were probably necessary before the shaping of the pro-
duced objects. The material could have been imported to

the workshop in the shape of large iron bars. Both basic
(shaping) and more complex operations (welding) were con-
ducted at significantly different temperatures. The produced
artefacts seem to have been generally diverse, mainly flat
hinges but also rods and, naturally, mining chisels. The tools
were repaired in the workshop itself, but it is challenging to
highlight any recycling practice. According to an estimation
made from the wastes a minimum of 10 tons of iron were
worked on at this site. Further investigations on these wastes
are still ongoing and more definite conclusions should be-
come available.

An original study was also led on the construction of
the building. Petrographic characterisation of the stones and
micromorphological analysis of its binder provide a local
origin for the building materials. Most of the stones consist
of solid gneiss, but many veinstones were also used. They
clearly cannot guarantee a long-term stability. Moreover,
there was no real binder, apart from some basically pre-
pared local earth material (Gebhardt et Blaising 2020). This
raises the question of the sustainability of the activity. How
long did the miners and shareholders intend to operate? Al-
though the activity was clearly intense, the relative fragility
of the walls and the lack of efficient drainage are obvious.
An encroaching roof, at least, would seem necessary for
the protection of such a construction. One can also imagine
cladding, but no trace of wooden remains was found along
the walls outside. Whitewash seems to have been employed
only on the walls inside: just a few traces were observed.
Moreover, splinters of deteriorated bones were discovered
only along the walls inside, as if the soil were more alkaline
in this area (the global environment being clearly acid).

THE SAINTE-BARBE SITE AND ITS CONTEXT

Since 1981, and even more since 2006, many investi-
gations were conducted in the Saint-Philippe valley. The
Sainte-Barbe mining area can thus be situated in a local
context and compared with other sites. Nothing can yet be
expressed for now about the High Medieval smelting spot,
since the heap has not yet been excavated. However, this
chronology places the mine among the group of the first adits
that were dug to access the vein. At present, the oldest known
extraction site on the Altenberg is located just 50 m East of
the forge (fig. 7). Some materials from a superficial mining
excavation have been dated from the early 10t c. Calibrated
14C dating results in 774-940 cal. AD (ETH-51428) and 894-
1015 cal. AD (ETH-58557). Concomitantly, Pingen were
dug to collect the ore all along the outcrop of the veins. At
the turn of the first millennium, the exploitation generally
took the form of galleries dug lower on the mountain slopes,
in order to crosscut the previously exploited veins from their
crests. Sainte-Barbe is one of them, and is associated with
a smelting spot, as observed at neighbouring sites Pfaffen-
loch, Patris and Charlotte (Gauthier et al. 2015). Thus, metal
was produced at the exit of the mines, although no evidence
of cupellation has been found on these sites.
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Fig. 7. Map of the medieval mines and smelting places around the Sainte-Barbe site (LIiDAR Conseils généraux d’Alsace, PAIR, 2007).
Obr. 7. Mapa stiedovékych dolt a tavicich mist kolem lokality Sainte-Barbe (LiDAR Conseils généraux d’Alsace, PAIR, 2007).

During the 15™ c., the ore processing workshop illustrates
the technical transition in the mining district of Sainte-
Marie-aux-Mines from manual and dry sorting ore, with
important losses, to a hydro-gravimetric processing. This
technique is not an innovation, since it was used for cen-
turies in other mining districts (Hruby et al. 2012, Térey-
geol 2014, Bailly-Maitre 2019, Hruby et al. 2019). But it
reveals a local evolution of the chaine opératoire linked to
several parameters. Until the 15% c., ores were smelted on
the slopes of the mountain, with no hydraulic ventilation.
The siderite contained in the vein mineralisation and placed
in the furnaces allowed for quite low smelting temperature
(Le Carlier et al. 2010; Gauthier et al. 2015). Consequent-
ly, silver production could have been easily performed far

from rivers during centuries. From the 13™ to the 16% c.,
an important evolution occurred, both documented by the
installation of smelting spots along the rivers and by the
arrival of hydro-gravimetric sorting. Indeed, miners then
had the possibility to place pure ore into the furnaces, and
siderite was no longer required to lower the temperature.
For now, the reasons for this long and late modification in
the smelting techniques are not known. They certainly in-
volve a number of factors.

As for other areas on the Altenberg, the intense 16% c.
activity erased most of the remains of previous occupa-
tions. The 18" ¢. resumption did not seemingly affect
much of the Renaissance Sainte-Barbe vestige and the or-
ganisation of the site at the beginning of the early modern
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period can be well understood. At this time, smelting did
not appear to take place on site any longer, and ore pro-
cessing seems to have been limited to the first part of the
required operations. The chaine opératoire was thus limi-
ted to the extraction of the ore and to a first sorting and
calibrating phase. The supporting infrastructure had an
important role, with a forge bearing out of the ordinary
dimensions. Indeed, the surface of the workshop, the two
hearths and their respective sizes as well as the estimated
quantity of processed iron, rank the site among the largest
known in such a mining context (Bailly-Maitre 2000). It
can be comparable to the forge excavated at the Samson
mine, on the “Lorraine side”, in the 1980s by Jacques
Grandemange (1990). However no comparison is possi-
ble for the ore storage hall. Nevertheless, the presence of
these two infrastructures implies that they were dedicated
to the Sainte-Barbe mine and surrounding exploitations.
Unfortunately, scraps of mining chisels have not revealed
any concession mark which could prove this point. The
site could even be considered as a central point for several
mines during the 16% c. It may also have work in associa-
tion with other important site, such as Berg Armo, located
250 m south of Sainte-Barbe (90 m higher in altitude),
where trials trenches revealed an important 16™ c. ore pro-
cessing installation.

CONCLUSION

It is challenging to investigate the medieval remains
of the mining activity on the Altenberg. The global re-
sumption during the 16" c. was so important that most
of the sites were occupied over again, and consequently
older relics were largely impacted, if not completely de-
stroyed. The Sainte-Barbe site has provided a chance to
investigate all the chronological phases of the exploita-
tion, even though some are less preserved than others. The
place is noteworthy for several reasons. First, its location
is geographically central on the Altenberg. Secondly, the
complete chaine opératoire from mining to smelting is il-
lustrated on site — with a particular focus on the evolution
of ore processing techniques in the late Middle Ages. Fi-
nally, the significant size of the buildings for the 16™ c.
characterises Sainte-Barbe as a technical centre for several
surrounding mines.

It should be kept in mind that only a part of the site was
excavated. Further investigations could provide some in-
sight on the real ore processing operations which were
conducted and on the importance of the housing during the
16™ c. The next archaeological campaigns will focus on the
second half of the storage hall and on the medieval smelting
slag heap. Studies on the smithing waste and artefacts and
charcoals from the forge are currently ongoing. Another
trail for further investigation would be underground; how-
ever this cannot presently be accessed by the Sainte-Barbe
adit. However underground investigations are currently be-
ing led at a neighbouring mine, called Saint-Martin/Giro.

This mine is most probably connected with Sainte-Barbe
and shows synchronous chronological phases with outside
activities we have presented.
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Study of the medieval mining tools at Castel-Minier, France,
in the European context between the 14th and 15th centuries

Studie stiedovékych dulnich nastroji v Castel-Minier, Francie, v evropském kontextu mezi 14. a 15. stoletim
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1IIRAMAT-LAPA, NIMBE, CEA, CNRS, Université Paris-Saclay, France, e-mail: jean-charles.meaudre@cea.fr

Abstract: Castel-Minier, located in the French Pyrenees, was a polymetallic production site where silver, lead and copper using ores extracted on-site
and from neighbouring valleys were produced by metallurgists from the 13th to 15th centuries. Through necessity and opportunism, they also produced
iron for export and on-site use. The archaeological excavations carried out over the last twenty years have brought to light a series of tools associated
with mining, including chisels, which are emblematic tools of miners. These chisels represent rare specimens in Western Europe for this period and are
the only ones discovered in the French Pyrenees. We describe these discoveries and then focus on the chisels to highlight the durability and variability
of the manufacturing methods of these tools. Indeed, different skills have been used on the site.

Abstrakt: Castel-Minier, situovany ve francouzskych Pyrenejich, byl polymetalické vyrobni misto, kde hutnici vyrabeéli stibro, olovo a méd’ za pouziti
rud vytézenych na misté a ze sousednich tdoli od 13. do 15. stoleti. Z nutnosti a oportunismu také vyrabéli zelezo na vyvoz i mistni pouziti. Archeologické
vykopavky provedené béhem poslednich dvaceti let pfinesly na svétlo fadu nastroji spojenych s tézbou, véetné dlat jako emblematickych nastroji hornikt.
Tato dlata jsou exemplafe pro toto obdobi vzacné v Zapadni Evropé a jsou jediné objevené ve francouzskych Pyrenejich. Tyto objevy popisujeme, pak
se na tato dlata zamétime a zabyvame se odolnosti a variabilitou vyrobnich metod téchto nastrojii. Skute¢né byly na tomto misté vyuzivany ruzné rutiny.

Keywords: Castel-Minier, chisel, galena, iron metallurgy, mine, non-ferrous metallurgy

INTRODUCTION excavated schists with tools and used fire settings for
o ) ) o dolomite and quartz. Thus, miners in Castel-Minier used
Castel-Minier was a polymetallic production site situat- chisels, picks, wedges and hammers. The archaeologi-
ed in the Viscounty of Couserans in the French Pyrenees ¢4 excavations carried out over the last 20 years have
and isolated in a valley four kilometres upstream from the brought to light a series of tools associated with mining
village of Aulus-les-Bains. From the 13th to 15th centu- activity, including chisels (Fig. 30 and Fig. 31). These
ries, metallurgists produced silver, lead and copper from  chisels constitute rare specimens in Western Europe for
ores extracted on-site and from neighbouring valleys.  this period and the only ones discovered in the French
Through necessity and opportunism, they also produced  pyrenees. We describe these discoveries and focus on the
iron, using ore extracted from the Rancié mine located in chisels, the miner’s emblematic tools. We aim to high-
anearby valley under the control of the Count of Foix. Iron - jjgnt the persistence and variability of the manufacturing
ore crossed the boundaries, despite the historic opposition  1athods of these tools.
between the Counties of Foix and Comminges on which
the Viscounty of Couserans depended. In 1347-1348, Gas-
ton Count of Foix, the community of Sem and the Viscount
of Couserans signed an exchange agreement (Verna 2002,
125). This agreement ratified an exchange of iron ore from
Vicdessos (Rancié mine) delivered to the Couserans in
exchange for the right to produce charcoal in the forests
of the viscounty. Moreover, the archaeometric study con-
ducted confirmed that ore from Rancié was used at Cas-
tel-Minier (Leroy 2012).

The main ore extracted at Castel-Minier was galena,
a lead ore containing silver. The Castel-Minier site was
also characterised by the presence of a group of ores
without commercial value such as sphalerite (ZnS). The
main host rocks surrounding these ores were schist, a soft

rock, as well as dolomite and quartz. Medieval miners  Fig- 1. Location of Castel-Minier and view of the valley.
Obr. 1. Misto Castel-Minier a pohled do udoli.
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The 14th century

The layers dated to the 14th century revealed workshops
associated with non-ferrous or ferrous metallurgy, as well as
dwellings (Fig. 2). These strata yielded eight chisels, three
pointed fragments (pre-prepared or broken-off tips), one hoe
and one wedge (Fig. 3 to 5). We discovered two pointed frag-
ments in the upper part of the site (foundry, upper level) (Fig.
3/5-6). These items have a square cross-section of 22 mm.
The hoe was associated with a dwelling and is 18 cm long
and 9 cm wide. The eye of the hoe has not been preserved
(Fig. 5/1). Hoes were primarily used by miners to excavate
waste from mines. This can be connected to two finds from

the Altenberg in Westphalia. These similar-sized hoes date to
the 13th century (Dahm et al. 1998, Tafel 62. 19/20). We also
found five chisels in this area: two worn, two re-forged and
one broken (Figure 4) and additionally an 11 cm long wedge in
the slag heap area (Fig. 5/2). Similar examples come from the
French Alps at Brandes (12th—14th centuries) (Bailly-Maitre,
Bruno-Dupraz 1994, 66-67 and Figures 38-39, Bailly-Maire
2019, 132 and figure 107/D). The slag heap was associated
with a smelting structure destroyed during the construction of
the castle in the late 14th century. We discovered three chisels
in this area, including the strongly deformed chisel CL12470
and one pointed fragment (Figure 3/1-4).

Fig. 2. Castel-Minier, structures dated to the 14th century.
Obr. 2. Castel-Minier, stavby datované do 14. stoleti.
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Fig. 4. Castel-Minier, chisels from the dwelling dated to the 14th century.
Obr. 4. Castel-Minier, dlata z obydli datovana do 14. stoleti.

Fig. 3. Castel-Minier, chisels and tips dated to the 14th century.
Obr. 3. Castel-Minier, dlata a hroty datované do 14. stoleti.

Fig. 5. Castel-Minier, tools dated to the 14th century.
Obr. 5. Castel-Minier, nastroje datované do 14. stoleti.
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The 15th century

The 15th century is characterised by the presence of
a castrum (Fig. 6). The construction of the castrum fol-
lowed the takeover of the site by the Viscount of Couserans
where a dwelling and a foundry coexisted. Additionally,
they established an assayer’s workshop to the north of Cas-
tel-Minier. Metallurgists intensified iron production with
the implementation of a new smelting furnace and a wa-
ter-powered hammer. All the layers dated to the 15th cen-
tury yielded many more items, including chisels, pointed
fragments (pre-prepared or broken-off tips), chisel scraps,
tools used in a mining context (such as a pincers, a miner’s
lamp, a sledgehammer and axes), as well as some hard-
ware, chain links and a wooden trough.

Les Ouels mining area is located in front of Castel-Mini-
er (Fig. 1). The discoveries made in this area date from its
last period of exploitation, i.e. from the second half of the
15th century. We can divide the discoveries made in this area
into two groups. The first group includes finds from the

dewatering gallery, which was only connected to the mining
network during the modern exploitation attempt (1864—1867)
(Téreygeol 2015, 26). Among the twenty-six chisels found
in this gallery, one notable set stands out: nine concretion
chisels (Fig. 7 and 8). These tools, ready for use, constituted
a batch, as shown by their positioning and the remains of the
leather used to bind them. Although probably incomplete,
this batch corresponds to the daily consumption of a miner.
A comparison can be made with the Pampailly mine located
in France (Rhéne). The mine regulations published in 1455
set the daily consumption of chisels for a miner at twelve
(Benoit 1997, 59). The Kutnad Hora Hymn Book (1490) also
shows a miner with a set of tools tied around his waist.

We found only two handle fragments associated with the
chisels, and these were made of wood. However, it is im-
possible to determine the size and type of wood. The mines
also yielded several waterlogged wooden tool handles but,
unfortunately, it is impossible to link them to any particular
type of tool.

Fig. 6. Castel-Minier, structures dated to the 15th century.
Obr. 6. Castel-Minier, stavby datované do 15. stoleti.
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Fig. 9. Les Ouels, chisels from the dewatering gallery, 15th century.
Obr. 9. Les Ouels, dlata z odvodiovaci stoly, 15. stoleti.

Fig. 7. Les Ouels, chisels from the dewatering gallery, 15th century.
Obr. 7. Les Ouels, dlata z odvodinovaci Stoly, 15. stoleti.

Fig. 8. Les Ouels, chisels from the dewatering gallery, 15th century.
Obr. 8. Les Ouels, dlata z odvodiovaci stoly, 15. stoleti.

Fig. 10. Les Ouels, chisels from the dewatering gallery, 15th century.
Obr. 10. Les Ouels, dlata z odvodiovaci stoly, 15. stoleti.
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We also found two picks in the dewatering gallery
(Fig. 11). However, compared to the chisels discovered at
Castel-Minier, this tool is under-represented. The use of
picks can be seen in the details of the Freiburg im Breisgau
miner’s stained-glass window (1320-1330) (Goldenberg,
Frolich 2006, 8). One of the picks has two tips (Fig. 11/1),
while the other only shows a worn one (Fig. 11/2). A third
pick discovered in the slag heap area could be added, al-
though this tool is difficult to interpret.

Fig. 11. Les Ouels, picks from the dewatering gallery, 15th century.
Obr. 11. Les Ouels, krumpace z odvodiiovaci Stoly, 15. stoleti.

An ore trough was also uncovered in the dewatering gal-
lery (Fig. 12), which is a monoxyle trough, 44 cm long and
22 cm wide. Two quadrangular holes are visible, indicating
probable repairs. We estimate that the complete object was
61 cm long, 22 cm wide and 10 cm high. Agricola (15564,
VI, 121) mentioned a length of 2 feet and a width of 1 foot
for a small trough (alueus minor), which closely corre-
sponds to the object found at Les Ouels. Miners used this
trough to take ore out of the underground as can be seen in
the Kutna Hora Hymn Book. The preserved end has a fold
in the upper part with a lower bulge to improve the hand
grip. This grip bulge is not shown in Agricola‘s illustration,
which emphasises the monoxyletic nature and coarse size
of the object. The trough is one of the oldest known exam-
ples and the only one found in the Pyrenees.

The second group includes two adits. Adit +21 served as
a means of circulation for the miners. We discovered hard-
ware elements, namely nails, pins, flat bars and an angle iron
associated with pincers (Fig. 13). These elements, some of
which were found in situ, bear witness to the use of iron for
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Fig. 12. Les Ouels, a wooden trough from the dewatering gallery, 15th century.
Obr. 12. Les Ouels, dievéné koryto z odvodiovaci stoly, 15. stoleti.

Fig. 13. Les Ouels, pincers from Adit +21, 15th century.
Obr. 13. Les Ouels, kleste ze Stoly +21, 15. stoleti.
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mining carpentry. Despite the heavy concretion, it was pos-
sible to determine the shape of these pincers. It is a 22 cm
long tool with jaws with a cross-section of 17x3 mm and
levers with a diameter of 9 mm. We found similar hardware
in Adit+19, with the addition of chain links (Fig. 14). These
items are associated with a lifting device for dewatering.
Two timbers, still joined with a flat iron, are probably part
of this lifting device (Fig. 15). We found another element
probably related to this device (CL12657), which is an
18 cm long, 4 cm wide (at most) and 1 cm thick trapezoidal
flat piece. The piece has two square holes and is welded to
another piece, which is 25 cm long, 4 cm wide and 2.5 cm
thick. These two elements are connected at an angle of about
50 degrees, making their function enigmatic.

Fig. 14. Les Ouels, hardware from Adit +19, 15th century.
Obr. 14. Les Ouels, technické vybaveni ze $toly +19, 15. stoleti.

Fig. 15. Les Ouels, timbers joined with a flat iron from Adit +19, 15th century.
Obr. 15. Les Ouels, dieva spojena s plochym Zelezem ze Stoly +19, 15. stoleti.

Metallographic examinations were performed on the
fragments of a hook and a ring with a circular cross-section
(Gosselin 2021, 1, 402-412 and 11, 272-276). Their respec-
tive diameters are 25 and 20 mm, similar to the same type
of circular cross-section produced at Castel-Minier. Their
nature and method of shaping are also similar. The metal
consists of an alternation of carburised and ferritic zones
and was shaped by the gradual folding and hammering of
a flat piece of iron.

We also discovered on the surface workshops, specifi-
cally in the water-powered forge raceway, further evidence
of carpentry work: two pieces of axes (marlana ferri)
(Fig. 16). The metallographic analysis of the small frag-
ment reveals longitudinal-axis welding of two types of
steel (Gosselin 2021, 1, 412 and 11, 270-271).

Fig. 16. Pieces of axes from the water-powered forge channel, 15th century.
Obr. 16. Kusy seker z kanalu vodou pohanéné kovarny, 15. stoleti.

During excavations of the castrum, we uncovered a set
of five re-forged or broken chisels (Fig. 17), three tips
(pre-prepared or broken off) and two scraps of square-sec-
tion bars (Fig. 18). This set is evidence of the presence of
a smithy dedicated to mining activities inside the castle
foundry. The discovery of a sledgehammer also supports
the existence of a blacksmith’s smithy (Fig. 19/2). The dis-
covery of a miner’s lamp reinforces the connection with the
mining activity (Fig. 19/1). This was a tallow lamp similar
to discoveries made in Brandes in the Alps and Saint-Lau-
rent-le-Minier located in Le Massif Central (Bailly Maitre
2019, 136-137).

The chisels found in the castle smithy are particularly
intriguing (Fig. 17). One of the tools, larger than usual, has
apotential rectangular maker’s mark (Fig. 17/1). However,
this is far less sophisticated compared to the marks visible
on tools found in Bohemia-Moravia (Hrazdil et al. 2007,
Fig. 14) and in Samson (1542-1610) (Sainte-Croix-aux-
Mines, Haut-Rhin) (Conin et al. 1995, 376-377, fig. 10).
Another tool, although hugely deformed, is characterised
by its small size (Fig. 17/3). These two items represent the
upper and lower limits of our corpus in terms of the ba-
sic forms encountered. One chisel shows a welded sheet
on the heel, a probable but difficult-to-understand repair
attempt (Fig. 17/2). This tool also has a potential circu-
lar maker’s mark. Finally, one chisel is distinguished by
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a break at the heel (Fig. 17/4) rather than the usual lo-
cations such as the eye or the tip (Fig. 17/5). The break
of CL13893 is the probable consequence of a forging
defect. We also discovered three tips (Fig. 18/3-5) and
distinguishing between pre-prepared and broken-off tips
remains challenging.

The presence of two scrap bars (Fig. 18/1-2), which have
a cross-section similar to the chisels (20x20 mm) high-
lights a production dedicated to mining. Among more than
50 kg of by-products found in the 15th-century water-po-
wered forge raceway, no by-products with this type of
square cross-section were discovered. This specific produc-
tion does not match the production of the forge for export.
In contrast, the flat bars, pins and round bars (used for chain
links) associated with mining, are similar to those produced
at Castel-Minier. These discoveries reinforce the evidence
of internal use of some of the products intended for export.
A smithy intended for mining tools would thus exist with-
in the foundry, operating alongside while a water-powered
hammer.

Focus on the chisels

An interesting question is whether the thirty-eight chi-
sels found in Castel-Minier indicate an evolution in forg-
ing practices. First, we will examine their typology, which
refers to the shape, followed by their metrology. Finally,
based on the results of the metallographic examinations,
we will consider how these tools were shaped.

Fig. 17. Castel-Minier, chisels from the castle smithy, 15th century.
Obr. 17. Castel-Minier, dlata ze zamecké kovarny, 15. stoleti.
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Fig. 18. Castel-Minier, scrap bars and tips from the castle smithy, 15th century.
Obr. 18. Castel-Minier, fragmenty tabuli scrap bars a hroti ze zamecké
kovarny, 15. stoleti.

Fifteen years ago, Jan Luna and David Zimola presen-
ted a study on mining tools from the central part of the
Bohemian-Moravian Highlands during the St7ibrnd Ji-
hlava 2007 colloquium (Luna et Zimola 2007, 306). They
created a typology based on 108 chisels. The first type, A,
is the most common with one hundred tools. These tools
were characterised by an ovoid shape with a bulge at the
eye of the tool, similar to the tools described by Agricola
(Agricola 15564, VI, 114-115). Eight others were clas-
sified as type B, characterised by a triangular shape. In
the same year, another study appeared that focused on
forty-two tools from the Bohemian-Moravian Highlands,
some of which had a straight body (Hrazdil et al. 2007,
for example, 284, fig. 1/59). We referred to this form
as type C. We utilised this typology to classify the chi-
sels from Castel-Minier and two characteristics made the
classification possible. The first is the ratio between the
widths at the eye (Y2) and at the heel (Y1) (Fig. 20). If
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Fig. 19. Castel-Minier, mining tools from the castle smithy, 15th century.
Obr. 19. Castel-Minier, dilni nastroje ze zamecké kovarny, 15. stoleti.

Y2/Y1 is higher than 1.1, we considered the chisel to be
ovoid-shaped, thus corresponding to type A. If Y2/Y1 is
lower than or equal to 1.1, we considered the tool to have
a straight shape corresponding to type C. This difference
in shape is significant because it assumes an additional
step in forging. The easiest method for a craftsman is to
shape a straight bar. The smith first hammered the bar to
achieve the correct cross-section and then sliced this bar
to the appropriate length. The next step of the forging
process was shaping the tip as mentioned below. The last
step was to make the eye using a punch. During the open-
ing of the eye, the metal was pushed to the sides, giving
the characteristic ovoid shape of type A. To produce type
C, the smith left the punch in place and hammered the
bulb formed around the eye. The smith could then make
then final quench.

Following this typology, we classified the chisels from
Castel-Minier into two families: type A and type C. Of the
thirty-eight chisels uncovered, eighteen belong to family A
while eleven belong to family C (Fig. 21). Family A, which
was easier to forge, was the most common, accounting for
around 60 % of the total. The distribution between these
two families remained identical for two centuries, reflec-
ting the coexistence of two technical cultures on the Cas-
tel-Minier site throughout its history.

Another notable feature we observed was the presence of
chamfers between the eye and heel, typically four, some-
times only two. The presence of this chamfer is unusual

Fig. 20. Typology and measurements of chisels.
Obr. 20. Typologie a miry dlat.

Fig. 21. Typology of chisels.
Obr. 21. Typologie dlat.

in this type of tool. It is likely a shaping mark specific to
individual smiths. The two picks found in the dewatering
gallery also share this characteristic. The proportion of be-
velled chisels decreased by about 20 % in the 15th century,
from 57 % to 33 %. However, the proportion remained sim-
ilar for both types (Fig. 22). Thus, the combination of these
two parameters shows that there was no apparent trend.
Consequently, we can conclude that the bevelling of chis-
els was an technical choice made by individual blacksmiths
and not the result of chronological evolution.
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Fig. 22. Distribution of chisels according to the presence of a chamfer.
Obr. 22. Distribuce dlat podle pfitomnosti ukosu.

Concerning their dimensions, the sections of heels
(Y1-Z1) are consistently square and usually around 20 mm
on each side, although their width (Y1) exceeds their thick-
ness (Z1) by an average of 2 mm. There was no change in
this trend over time (Fig. 23 left), although type C gene-
rally exhibits a heel whose width exceeds its thickness
by 3 mm, while in the case of type A, this difference was
only 1 mm (Fig. 23 right). The greater thickness of chi-
sel CL14339 (24.5 mm) is due to the sheet metal welded
on its surface (Figure 17/2). Thus, only the dimensions
of chisel CL14327 are truly above average, with a width
of 32 mm and a thickness of 27 mm (Fig. 17/1). Tool

CL12687 is characterised by a width-to-thickness ratio of

1.5 (23 x 15 mm) (Fig. 10/4).

We observed the total length (X) remains consistent at
around 110 mm regardless of the period (Figure 24). How-
ever, since the total length of these tools is not a significant
factor due to wear, we took into account the length between
the eye and the heel (W). There was a slight increase in
the 15th century, around 15 mm. Considering that chisels
from this century showed more wear, we can conclude that
the overall size of chisels increased by more than 30 mm
between the 14th and the 15th centuries. A similar increase
was observed in the two previously described studies on
the Bohemian-Moravian Highlands (Luna et Zimola 2007,
Hrazdil et al. 2007). Additionally, it is noteworthy that
a constant thickness of about 20 mm was observed between
the 13th and 16th centuries.

If we exclude the chisels with a very strong heel
crush, such as CL14327 (Fig. 17/1), or heavily worn tips
(CL12480/1, Fig. 9/5 and CL12480/2, Fig. 10/1), the ave-
rage W/X ratio is 0.6. Seven chisels even have a ratio of
0.5 (Fig. 25), indicating relatively balanced chisels. Al-
though our corpus predates De Re Metallica, the parallel is

Fig. 23. Sections of heels (Y1-Z1).
Obr. 23. Césti pat (Y1-Z1).

Fig. 24. To the left, total length (X) and length heel-eye (W).
Obr. 24. Vlevo: celkova délka (X) and délka od paty k cepci (W).
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Fig. 25. Ratio W/X (14th-15th centuries).
Obr. 25. Pomér W/X (14.—15. stoleti).
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instructive. This position of the eye contradicts the descrip-
tions made by Agricola. The chisels described in book VI
have an eye closer to the heel than to the tip, with a W/X
value close to 0.4 (Agricola 15564, VI, 114-115, Guillot et
al. 1995, 510). We can explain this difference by the wear
on our tools. By applying this ratio of 0.4, the maximum
projected length is then 22 cm (CL12834/2, CL12834/5 and
CL12834/8: 9 cm x 2.5).

Agricola defines three basic forms of chisels, each de-
signed for specific uses: for daily use, for ,shattering the
hardest veins®, and for ,,digging the bottoms of those shafts
which slowly accumulate water* (Agricola 1556b, VI, 150).
The first and second forms have the same cross-section,
but the second one is twice as long. The third form has the
same length as the second one, but a larger cross-section.
Given the wear and tear on the tools, it is impossible to ca-
tegorise our corpus in this way. Nevertheless, observing the
cross-sections and assuming that the back part of the tool
is less worn than the tip, it appears that were different tool
sizes at Castel-Minier. There are tools with a cross-section of
20 mm and a length of over 20 cm. On the other hand, tools
of lesser length with variable cross-sections, but still around
20 mm, form the majority.

Measurement of the eye is often difficult due to the corro-
sion still present on the surface of many tools. On average,
chisel eyes are 15 mm long and 8 mm wide. However, these
measurements are not representative due to a large fluctua-
tion in the length/width ratio. These elements exhibit great
variability, ranging from square (CL14327) to rectangular
holes (CL12485, length 3 x width). No trend in eye shape
or size is apparent regardless of the type or period.

Metallographic studies

We conducted metallographic examinations on ten chi-
sels: nine complete and one tip (Gosselin 2021, Leroy 2010).
The distribution of these tools was identical across the 14th
and 15th centuries. Among the nine complete tools, four be-
long to Family A and five to Family C. All eight identifiable
tips consist of quenched steel, but the nature of the bodies
varies. Five chisels have a body made of ferritic-pearlitic
steel and four have a heterogeneous material composed of

a mixture of steel and ferritic iron (Fig. 26 left). There is
wide variability in the way the chisels were provided with
their tips; we identified three types: one-piece forged chi-
sels and those with butt welded-on and cleft welded-in tips
(Fig. 26 right and 27).

Regardless of the period, we did not observe any signifi-
cant changes in the nature of the bodies or the methods used
to provide them with steel tips (Fig. 26). The absence of
cleft welded-in tips in the 14th century is not significant,
as three techniques for eight identifiable pieces make any
interpretation hazardous. Nevertheless, it is interesting to
compare them with five chisels discovered at Pampailly
and dated to the 15th century (Benoit 1997, 60-63, Guillot
et al. 1995, Gosselin 2021, 468-470). The metallographic
studies revealed only one technique: cleft welded-in tips.
Additionally, comparing the nature of the bodies or the as-
sembly methods (how the chisels were provided with steel
tips) according to their typology does not reveal anything
significant (Fig. 28). The distribution of different materials
and assembly methods is similar within types A and C. The
existence of the two types of chisels is linked to the conco-
mitance of different skills and does not reflect any adapta-
tion to the raw material.

We also found several examples of repairs. Chisel CL13895
has three successive welds, indicative of a repair (Fig. 29).
Tool CL14339, as mentioned earlier, has a plate welded onto
the heel (Fig. 17/2). It is important to note that these chisels
are associated with the castle smithy (Fig. 6). These repairs,
along with the advanced degree of wear on many of the chi-
sels (tip wear and heel crush), provide evidence of the atten-
tion paid to these tools. They were re-forged and repaired to
extend their lifespan as much as possible.

Conclusion

Two notable observations emerge from this study. First,
apart from chisels and picks, the metal furniture associa-
ted with mining is similar to the other pieces found at Cas-
tel-Minier. It is not a specific production but part of a broa-
der production intended for export or on-site use. Everything
indicates that the smiths also produced chisels using iron
produced on-site. Provenance analysis confirms that chisel

Fig. 26. Left, nature of bodies, right, assembly of tips according to the period.

Obr. 26. Vlevo: druh téles, vpravo: montaze hroti podle obdobi.
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Fig. 27. Metallographic studies showing the three assembly types.
Obr. 27. Metalografické studie ukazujici tfi typy montaze.

Fig. 28. Left, nature of bodies, right, assembly of tips according to typology.

Obr. 28. Vlevo: druh téles, vpravo: montaz hrott podle typologie.

Fig. 29. Metallographic study, chisel CL13895.
Obr. 29. Metalograficka studie, dlato CL13895.
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CL10013 (Dewatering gallery) was made from Rancié ore,
consistent with the by-products found at Castel-Minier (Leroy
2012). However, this production is evidently specific in terms
of shaping, as indicated by the distribution of finds on the site,
which is disconnected from the iron production areas.
Second, the study of these chisels revealed an absence of
evolution in the forging process. However, we can observe
the concomitance of several skills, such as types A and C,
bevelled and unbevelled chisels. The existence of two types
of chisels is linked to the simultaneous presence of different
technical skills rather than being an adaptation to the raw
material. The presence of a chamfer is uncommon on this
type of tool and is likely a shaping mark specific to indivi-
dual smiths. The only notable change between the 14th and
the 15th century is the increase in the size of the chisels.
This coexistence of different skills is not unique to Cas-
tel-Minier, similar observations were made regarding the
shaping of bellow noses (Méaudre, Téreygeol 2018). Thus,
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different practices coexisted at Castel-Minier, indicating
the presence of craftsmen from various origins.

Two questions remain unanswered: the shaping of eye
and the wear on the tools. We will conduct new metallo-
graphic studies along an axis perpendicular to the eye to
observe the shaping of the eye. Additionally, we will con-
duct experiments on our experimental platform of “Les

Arts du feu” in Melle (France, Deux-Sevres) to produce
iron with archaeological ore, and then type C shape tools.
The second question concerns tool wear. We will use these
tools to quantify the daily tool consumption and observe
the material losses at the tip and heel. If the heel crush is
low compared to the tip wear, we can conclude that there
were different tool lengths at Castel-Minier.

Fig 30. Summary table of chisels and picks (mm).
Obr. 30. Souhrnna tabulka dlat a krumpact (mm).
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Fig. 31. Summary table of tools (mm).
Obr. 31. Souhrnna tabulka naradi (mm).
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The muffle: an innovation around silver refining at Castel-Minier in the 14th century

Mufle: Inovace kolem rafinace stfibra v Castel-Minier, 14. stol.
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Abstract: Castel-Minier, situated in the French Pyrenees, was a centre for silver production between the 13th and 15th centuries. Its location on the

outskirt of one of the largest European silver production centres, it was not traditionally associated as a place of innovation. However, the discovery of

ceramics dating back to the second half of the 14th century that resemble muffles questions this assumption. Through an archaeological and experimental

study, we gain a better understanding of the cupellation structure, while an archacometric survey of the material from experiments and archaeological

excavations sheds light on the use of muffles and the cupellation structure.

Abstrakt: Castel-Minier, situovany ve francouzskych Pyrenejich, byval centrem produkce stfibra mezi 13. a 15. stoletim. Diky jeho umisténi na okraji

jednoho z nejvétsich evropskych vyrobnich center stiibra se o ném tradi¢né neuvazovalo jako o mistu inovaci. AvSak objev keramiky podobajici se

muflim pochazejici z druhé poloviny 14. stoleti tento pfedpoklad zpochybiuje. Archeologickou a experimentalni studii ziskavame lepsi znalosti o kupe-

laénim procesu, zatimco archeometricky prizkum materialu z experimenti a archeologické vykopavky vrhaji svétlo na pouziti mufli a kupelaci.

Key word: muffle, innovation, refining silver, cupellation, Castel-Minier, archeological experimentation, archacometry

INTRODUCTION

The Castel-Minier site, situated in the French Pyrenees
(Fig. 1) was a centre for silver production. By the early
14th century, it had become the foremost mine in the king-
dom of France (Bailly-Maitre et Benoit 1998). However,
despite its prominence, it was relatively small in size and
located on the outskirts of a European mining and metal-
lurgical centre where significant advancements in mining
and metallurgy occurred both before (Menant 1987) and
during the late Middle Ages (Suhling 1976). Bringing to
light innovative techniques was not the aim of the archae-
ological excavation carried out in the mine and workshops
of Castel-Minier. However, the discovery of a blower
dated to the early 16th century identical to that described
in Book IX of the De Re Metallica (Agricola 1556) cast
doubt on this aspect. This discovery shows that the work-
shop had access to the best technology of that time despite
its remote location (Téreygeol and Heckes 2012). It ap-
pears that some elements of high technicity can also be
observed in the earlier phases of exploitation. This could
be explained by the proximity between Castel-Minier and
the mining activities of the Aragonese Crown. Instances
of pierced ceramics, an open fireplace and some litharge
cakes reveal a previously unseen structure of refining for
the Middle Ages. Archaeological experimentations fol-
lowed by modelling and analysing in the field and the
laboratory provide the key to understanding this apparatus
with the muffle as the centrepiece.

Fig.1. Localisation of Castel-Minier and Melle.
Obr. 1. Lokalizace Castel-Minier a Melle.

THE MUFFLE

The muffle is a ceramic component that served a dual pur-
pose: it protected the work area within the furnace from the
surrounding fuel and provided a controlled atmosphere. In
the existing literature, a muffle is primarily associated with
assay furnaces with a floor. However, only two authors, Erck-
er in his Probierbuchlein in 1556 and the anonymous author
of the Schwazer Bergbuch (1556) connected the muffle with
an open fireplace (Gauthier 2012). The first description of
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a muffle dates back to the early 16th century in the Probi-
erbuchlien from 1524. In this book, the ceramic piece is re-
ferred to as a muffle and the manufacturing process of the
muffle is described, involving the modelling of the ceramic
as a tile (Anonymous 1524, 95-96). In 1540, Biringuccio
(Biringuccio 1540) did not provide a specific name for the
object, calling it archetto, but the accompanying illustration
identifies it as a muffle. This might provide a clue to the or-
igin of the object because twenty years earlier in the Probi-
erbuchlein it had an actual name (muffle in the illustration).
Later, in 1556, Agricola also described the object and how
it was made (Agricola 1556, 227-228). He used the Latin
word tegula by analogy with the form of the object. Agricola
did not use a new technical word but gave a precise descrip-
tion of the manufacturing process. In his treatise on ore and
assay, Lazarus Ercker confirmed a similar method of produc-
tion as described in Probierbuchlein (Ercker 1574, 360). He
referred to the ceramic piece by its current name: die Muffle!.
These four authors all concurred on how the muffle is used in
a furnace and on the analogy to a half-round ridge tile.

Archaeologically, the muffle remains little known and
there are no examples of it before the second half of the
16th century. The oldest muffle was discovered by Gerd
Goldenberger during a survey at Muggenbrunn in Schwar-
zwald (Goldenberg et al. 1996). It consisted of two sherds
from the back of a single muffle. The ceramic paste of
these fragments was rough and thick (+/- lem, as seen in
the picture on p118). An impressive collection of muffles
dating back to the late 16th century was unearthed during
the excavation of Oberstockstall in Austria. This ensemble
comprises seventeen muffles with eleven of them archaeo-
logically complete. According to the drawings, the pieces
were crafted by turning2. The author of the study referred
to the work of an alchemist, although the materials used
evoked various ore and metal processes.

It appears that the muffle existed in Central Europe from
the early 16th century, as indicated by a combination of his-
torical and archaeological evidence. In their edition of the
Probierbuchlein, Sico and Smith question the invention of

the muffle furnace: “the muffle furnace used for cupelling
[...] obviously represents the apex of development over
many years”. (p180), but they do not provide further de-
tails. It is possible that the muffle previously existed as
suggested by the work of Labuda (1997).

At Castel-Minier, we uncovered a batch of nine sherds
(Fig. 2). After reassembly, we identified them as muffle
fragments. The archaeological context dated the pie-
ces to the second half of the 14th century. The sherds are
pierced and the holes were made from the outside of the
ceramics before heating. The largest specimen was used
to determine the overall shape, which is similar to a half-
round ridge tile. The thickness of the paste is between
5 and 7 mm. The base of the arch measures approximate-
ly 17 cm and the opening under the muffle bow is about
7 cm. Each fragment has a flat edge used to support the
object. We observed two types of muffle ends — one flat
and one rounded. The underside of the fragment shows
traces of turning but no evidence of use as a glaze or
glassy spots. These various indicators provided informa-
tion about the production method, which we followed in
the experiment. A piece of clay was placed on a potter’s
wheel used for turning a hollow bottomless cylinder. The
cylinder was then removed with a wire that left a flat mark
on the edge of the cylinder, while the turning produced
a rounded mark on the top. Before heating, the cylinder
was cut lengthwise to obtain two muffles with two types
of edges: flat and rounded.

In our opinion, the morphology is not sufficient to de-
finitively characterise these pieces. Therefore, we decided
to observe the diffusion of the lead in a cross-section of
some of the sherds. We assumed that it would be possible
to observe the evolution of the lead concentration3. Near
the liquid metal inside the muffle, there must be a higher
concentration of lead than on the outside of the muffle since
it is only in contact with the lead vapour expelled through
the holes of the muffle4. We conducted a chemical analy-
sis using X-ray fluorescences, which yielded a clear result
(Fig. 3). From the inside to the outside of the ceramic, the

1  The term ‘Die Muffel” is used by Ercker in the first edition of the Beschreibung... of 1574: https://books.google.cz/books?id=rONdAAAAcAA-
J&printsec=frontcover&hl=cs&source=gbs ge summary r&cad=0#v=onepage&q&f=false.
2 In Oberstocksthal, we highlight the use of a half pot also used as a muffle (von Osten 1998, 150-151) as mentioned by Biringuccio (1540), Ercker

(1574) and Barba (1640).

3 Prior to this study, a test was conducted using a Portable X-Ray fluorescence (pXRF) on a sherd, and we observed a doubling of the lead concentra-
tion from the outside to the inside of the muffle (0.2%massPb on the outside and 0.5%massPb on the inside). Additionally, we performed a pXRF
analysis on kitchen pottery found on the same layer, and the lead concentration remained unchanged on both sides of the sherd (0.04%massPb).

4 We have previously demonstrated the relevance of such an approach in characterising crucible fragments for lead metallurgy (TEREYGEOL F. and
CASTRO C.(2008): La metalurgia prehispanica de la plata en Potosi — In: Cruz P. et Vacher J.-A. (eds), Mineria et Metalurgia en los Andes del sud
desde tiempos prehispanicos al siglo XVI1 - 11-28) or for brass metallurgy (TEREYGEOL F. (dir) (2014) : Etudes analytiques des vesti%es métal-
lurgiques de la fouille du site le Clos Paul a Charleville-Mézicres (08) et Expérimentation sur les techniques de production du laiton au III” s. ap JC,

tapuscrit — In : Cellule archéologique départementale de 1’ Aisne - 51).

5 After sample preparation, we conducted a chemical analysis using X-Ray Fluorescence (XRF). The beam was delivered through a RU-200HB
rotating anode from Rigaku, operating at the molybdenum Ko energy (17.5 keV). Since we worked in grazing incidence, the beam impinged the
surface of the sample over 600 x 30 pm? (width x height). XRF spectra were recorded using a Vitus-Silicon Drift Detector (SDD) from Ketek GmbH
with a 50pm step in height and an acquisition time of two minutes. Integrated peak intensities were recorded for every element of interest.
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Fig. 2. Muffle ceramics found in Castel-Minier in 2020.
Obr. 2. Muflova keramika nalezena v Castel-Minier v roce 2020.

amount of lead rapidly decreased on the first 3mm. It was
minimal in the middle of the paste and this initially exclu-
ded the presence of lead in the clay. The amount of lead
then increased on the outside edge of the sherd. This con-
centration of lead was lower than that on the inside edge,
thereby indicating the source of lead pollution.

Fig. 3. Intensity of the lead pollution in the thickness of the archaeological
muffle (CL14200).
Obr. 3. Relativni obsah olova na fezu mufli (CL 14200).

Based on the morphology of the fragments and the chemi-
cal signature of lead in the ceramics, we can therefore iden-
tify these sherds.

In addition, we have amassed a significant collection
of litharge cakes from the 14th and 15th centuries at Cas-
tel-Minier (10.6 kg for 263 fragments). For this study, we
only considered the elements found in the immediate vi-
cinity, i.e. 68 fragments with a mass of 4.3 kg. Ten of these
objects were sufficiently preserved to identify the shape of
a bowl (Fig. 4). Eight of them are round, while two are ob-
long. Each litharge cake can fit underneath the previously
defined muffle. The diameters of those objects are between
6.5 cm and 20 cm. Six of them have diameters between
11 cm and 16 cm.

We also discovered an open fireplace at ground level
within the castle, located in the immediate vicinity of the
litharge cakes and muffle fragments. This open fireplace is
located in a building measuring approximately 50 m” and is
positioned against an overhanging rock. Among the corpus
of eight open fireplaces found in Castel-Minier between the
late 12th and 15th centuries, this particular open fireplace
is unusual. First, it is much larger, covering 10,000 cm’,
whereas the others are between 3,500 and 6,000 cm’. In ad-
dition, there are no reddish marks on it. There is no drainage
pit to prevent water accumulation, which was present in six
out of seven cases. Finally, the soil around the structure had
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fol.108v), but concluded that it was not the best practice.
Ercker, on the other hand, described how a muffle is used
in an open fireplace in Lower Saxony (Ercker 1574). Ad-
ditionally, one of the illustrations in Schwazer Berbuch
shows a refiner working on a fireplace rather than a fur-
nace (Anonymous 1556).

To test the robustness of this hypothesis, we conducted
an experiment complemented by an analytical approach.

THE EXPERIMENT

Methods

The experiment was conducted in the archaeological ex-
perimental platform of Melle in France (Fig. 1).

A professional ceramist, Frangois Peyrat, produced sev-
eral muffles using the previously discussed turning tech-
nique. An open fireplace was also constructed according to
the dimensions of the archacological one. A layer of indus-
trial bone ashes was added to the open fireplace as a floor

(Fig. 6).

Fig. 4. Litharge cake found in Castel-Minier.
Obr. 4. Lithargit nalezeny v Castel-Minier.

a high concentration of lead easily identifiable by its grey to
white colouration. The surface containing lead extends over
an area of 7 m” with a thickness approaching lcm. A survey
with a portable X-Ray fluorescence (180 analysis on 8 m”)
was used to map the lead level (Fig. 5)6. The results reveal
that the lead concentration is high around the open fireplace
(up to 20 % mass of lead), and is lower within it (from 0 to
7 % mass of lead). This supports our assumption that this is
a cupellation structure.

The hypothesis of an open fireplace with a muffle for
silver refining is supported by three pieces of evidence:
the spatialisation, the shapes and the synchronicity of the
shards, the litharge cakes and the open fireplace. This
hypothesis is consistent with the writings of Biringuccio
and Ercker as well as the relevant iconography. In De
la Pirotechnia, Biringuccio specified this after present-
ing the assay furnace ““Anchora sono alcuni che usano
di fare tal saggio senza fornelli, & senza hauer tanti or-  gi; 6 Experimental set-up for the cupellation.
dini sol con uno pignato bucarato” (Biringuccio, 1540,  Obr. 6. Archeologicky experiment — kupelace.

6  The portable X-Ray Fluorescence (pXRF) instrument (Niton X13t 900 GOLDD+) is designed for metal, alloy, ore and soil analysis. It operates with
a maximum tension of 50kV and an intensity of 0.1 mA, providing a total power output of 2W. The X-ray generating tube is air-cooled, with a silver
anode and a 0.127 mm thick beryllium exit window. The spot had a diameter of 3mm.

28



Acta rerum naturalium, 28: 25-32, 2023

ISSN: 2336-7113 (Online), ISSN 1801-5972 (Print)

Fig. 5. Map of the lead pollution around the open fireplace in Castel-Minier (pXRF survey).
Obr. 5. Mapa znec€isténi olovem kolem otevieného topenisté v Castel-Minier (prazkum pXRF).

We formed a hollow in the ashes and the silver-lead alloy
was placed inside it. The muffle was then placed over the
alloy and covered with charcoal. The rear opening of the
muffle was consistently covered with charcoal, while the
front opening was open or closed with charcoal as per the
requirements of the process. We provided forced ventila-
tion through bellows with a 6L air volume. The operator
adjusted the blowing power to maintain the temperature
and ensure an oxidant atmosphere. The airflow was driv-
en by a tuyere directly towards the front of the muffle.

Tab. 1. List of the different attempts and results (analysed by pXRF).

Cupellation started after heating the structure. When fin-
ished, we removed the silver bead (the final product) and
the litharge cake. The ashes were cleaned from the open
fireplace and a new cupellation could be initiated with the
muffle. We made ten attempts as described in Table 1.

The same analyses performed on the archaeological re-
mains were also conducted on the experimental materials,
i.e. a pXRF analysis of the soil and an XRF analysis of the
muffle.

Tab. 1. Pfehled experimenti a jejich vysledki (analyzovano pomoci pXRF).

---m-m-mm

Estimation of the silver

mass percentage by weight ~0.1 ~0.1 00

Mass of the bullion (g) 923 763 745
Forced ventillation No Yes No
Silver bead — mass (g) No No No
Silver bead - amount of No No No

silver (mass percentage)

8.4 8.4 SN Und 8,7
129 85 92 89 133 122 109
Yes Yes Yes Yes Yes Yes Yes
14 10 8 8 6 11 13
95,7 89 90,5 Und 98,6 85 81
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RESULTS AND DISCUSSION

The cupellation experiment with a muffle on an open fire-
place proved successful. Of the ten attempts, seven were
successful based on obtaining a silver bead or enriched bul-
lion’. The metal went from an average mass of 108 g and
a mass percentage of silver of 8.5 % to a mass of 10 g and
a percentage of silver of 90 % at the end of the cupellation.
The silberblick, which indicates the end of the cupellation,
was observed four times. The variation in the outcomes ap-
pears to be related to the lack of experience of the experi-
menters and the absence of forced ventilation in the initial
attempts.

The loss of lead amounted to 89 % of the initial alloy’s
mass of lead. Most of it was absorbed by the ashes. The
drop in the percentage of lead in the alloy proves that cupel-
lation with a muffle and an open fireplace is viable. Howev-
er, this was not a demonstration of the use of such a process
at Castel-Minier. Nonetheless, this experiment provided
material such as the muffle and litharge cakes. In addition,
the experimental litharge cakes (Fig. 7) visually resemble
the archaeological cakes, even if the experimental litharge
appears green due to the presence of copper traces in the
experimental alloy.

Fig. 7. Experimental litharge cake.
Obr. 7. Lithargit z experientt.

The muffle was used ten times before it broke, and cracks
appeared during the initial heating, alongside the turning
marks. This indicates the duration a muffle can be used in ex-
perimentation and consequently for how long the archaeo-
logical muffle was used. This allows us to compare the
amount of lead contained in the archaeological shard and
the experimental ceramic.

The lead pollution in the muffle follows a three-part curve
(Fig. 3) running from the inside to the outside of the muffle.
Near the inside edge of the ceramics, the lead pollution is
high, up to 750 arb.U. Inside the material, the pollution is

low, four times less than the pollution on the inside edge.
The final step is visible on the outside edge of the ceramic.
These observations hold true for the archaeological artefact
and the experimental one (Fig. 8), although the maximum
concentration in the experimental one is slightly lower.

Fig. 8. Intensity of the lead pollution in the thickness of the experimental
muffle.
Obr. 8. Intenzita zne€isténi olovem ve sténé experimentalni mufle.

The similarity of the curve between the archaeological
and the experimental muffle proves that the presence of
lead is not due to the manufacturing process or the burial
of the sherd.

Hence, the lead pollution is the result of a metallurgic pro-
cess involving the muffle. The different parts of the curves
can be explained by the use of the muffle during the cupella-
tion process. Near the liquid metal inside the muffle, there is
a high concentration of lead in the air. The lead then spreads
into the ceramics causing pollution. Therefore, the duration
of the use of the muffie is not sufficient for the lead to spread
throughout the thickness of the ceramic. This is why there
is a high concentration of lead near the inside edge of the
ceramic but almost none in the middle of the material.

The airflow over the muffle explains the pollution on the
outside of the muffle. There are openings at both ends of
the muffle, as well as holes throughout the artefact. This
allows the air to circulate with a high concentration of lead
leading to pollution on the outside of the muffle. However,
this pollution is less intense because the concentration in
the airflow is lower on the outside than on the inside of the
muffle. A 3D representation of the lead pollution on the in-
side, outside and middle of the experimental muffie shows
what appears to be the airflow (Fig. 9).

7  There is difference between the supposed mass percentage of silver in the bullion and the actual measurement. This can be explained by the use
of an uncontrolled composition of the bullion. The experiment is focused on lead contamination rather than the efficiency of the process already

demonstrated in previous papers.
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Fig. 9. 3D visualisation of the lead pollution in the experimental muffle.
Obr. 9. 3D vizualizace relativniho obsahu olova v experimentalni mufli.

SOIL

By analysing the composition of the soil at the archaeo-
logical site, we created a map of the intensity of the lead
pollution (Fig. 5). The lead pollution is more intense out-
side the open fireplace than inside. This observation, and
the absence of reddish marks, showed that the soil in the
open fireplace was protected by something, which supports
the hypothesis that the open fireplace was used for cupella-
tion. The ashes placed on the open fireplace serve as ther-
mal protection, with a temperature coefficient of less than

1W/m.K (Zbogar et al. 2005), so they can be regarded as
insulating material.

In addition, during the cupellation process, only the layer
of ashes became polluted with lead, which was subsequent-
ly removed between each cupellation. Therefore, the soil
remained relatively unpolluted. The cleaning of the ashes
in the open fireplace could explain the high lead pollution
outside because the highly polluted ashes were thrown on
the ground near the open fireplace, as we also did during
the experiment.
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Measuring the pollution experimentally proved challeng-
ing due to the naturally high concentration of lead in the
ground at the experimental platform in Melle, which is also
a lead-silver mining site. Therefore, the limited number of
experiments conducted was insufficient to create measura-
ble pollution. However, establishing a neutral control point
showed the difference in the pollution between the inside
and the outside of the open fireplace. The inside of the open
fireplace was less polluted than the outside. The experiment
further supports the conclusion that the archaeological open
fireplace was used as a setting for silver cupellation.

CONCLUSION

The concept of a muffie has been well-documented in liter-
ature since the early 16th century. However, the hypotheses
formulated following the excavation of a level dating from
the second half of the 14th century at Castel-Minier cast
doubt on the date of appearance of the muffle. To investigate
these assumptions, we devised a protocol for conducting
experiments. The implementation of the protocol was suc-
cessful as we succeed in refining silver thus demonstrating
the viability of the process. However, the multi-disciplinary
approach (geochemistry, chemical analysis of archacological
materials and experimental archaeology) allows us to draw
conclusions about the historicity of this production system.
Ceramics identified as muffles are indeed muffies, and the
same applies to the cupellation structure. It is evident that
cupellation on an open fireplace at ground level was used in
Castel-Minier, representing the earliest known evidence of
this innovative metallurgical ceramic practice. This also ap-
plies to the cupellation process in which a muffle was used.
These developments can be observed more than a century
later in the metallurgical treatises of the Renaissance.

SUMMARY

Castel-Minier, situated in the French Pyrenees, was a cen-
tre for silver production between the 13th and 15th centu-
ries. Despite being located near one of the largest European
mining and metallurgical centres, it was not traditionally as-
sociated as a place of innovation. However, the discovery of
ceramics dating back to the second half of the 14th century
that resemble muffles questions this assumption. Through
an archaeological and experimental study, we gain a bet-
ter understanding of the cupellation structure, while an ar-
chacometric survey of the material from experiments and
archaeological excavations sheds light on the use of muffies
and the cupellation structure.

The study of the concentration of lead was conducted us-
ing X-Ray fluorescence. This study concluded that ceram-
ics identified as muffles are indeed muffles. The chemical
analysis of the soil on and around the open fireplace by
portable X-Ray fluorescence allows to map the lead con-
centration. The similarity between the archaeology and ex-
periments means we can arrive at a conclusion about the
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cupellation structure. The cupellation was done on an open
fireplace at ground level, under a muffle.
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.Beautiful* and ,,ugly* stone tools in prehistoric mining
Raw materials, preparation, types and functions and functions
of a little-studied group of objects

»Krasné“ a ,,08klivé“ kamenné nastroje v pravékém hornictvi
Suroviny, typologie a funkce nékolika vybranych studovanych exemplaia

ALEXANDER MAASS

F.I.P.S. - Freiburger Institut fir Paldowissenschaftliche Studien, Albertstrae 14a 79104 Freiburg, email: alexander_maass@gmx.de)

Abstract: The most important category of tools in prehistoric mining comprises stone tools used for various exploitation and processing tasks. These
tools can be made out of pebbles from river beds or from moraines of former glaciers, some of which have lateral notches or circumferential grooves
used to fix them to a handle. Despite the fundamental role they may have in interpreting and reconstructing prehistoric mining techniques, there are
few systematic investigations shedding light on the function and operation of such archaeological pieces of evidence. This work proposes an attempt
to approach this gap objectively and expeditiously. The basis and the premise of the investigation is the empirical observation that every type of work
leaves specific marks on the tool. By systematically analysing the work traces on the stone tools, conclusions can be drawn on their types of use. For
the execution of this analysis, scaled 3D models of the tools, produced using the SFM method, were extracted and then further processed and evaluated
with the open-source software GigaMesh. The micromorphology of the tools (curvatures and inclination relative to a horizontal surface) was calculated
to enhance the different traces of work and their distribution, allowing the distinction between artificial traces and natural ones, supporting, in this way,
the separation of the tools from the so-called “geofacts”. During the investigation, three types of tools are clearly distinguished: shafted stone hammers,
hand-held stone hammers and stone wedges. The various settings of the method were first tested on clear, “beautiful” tools and then successfully applied
to the “ugly” ones, which are roughly shaped chunks of local stones and, therefore, difficult to spot in the terrain.

mohou byt vyrobené z oblazki z fi¢nich koryt, nebo z morén byvalych ledovci. Tyto artefakty maji z bo¢nich stran mensi zlabky nebo obvodovy zla-
bek slouzici k upevnéni na toptirko. Tyto pfedméty mohou mit zasadni roli pfi interpretaci a rekonstrukei specializovanych technik pravékych horniku.
K této hypotéze vsak existuje malo systematickych vyzkumu, které by mohly pomoci charakterizovat zpusob a styl prace s vy$e zminénymi kamennymi
artefakty. Tato studie navrhuje jedno z vychodisek pfistupu ke studiu problematiky kamennych hornickych nastroji. Zakladnim predpokladem vyzkumu
je hypotéza, ze kazda manualni prace s artefakty zanechava na povrchu stopy po opotiebeni. Systematickym rozborem pracovnich stop na kamennych
nastrojich lze vyvodit zavéry o jejich pouziti. K provedeni této analyzy byly vytvofeny jejich zmensené 3D modely vyrobené metodou SFM a pak byly
zpracovany a vyhodnoceny pomoci open-source softwaru GigaMesh. Nasledné se pfistoupilo k mikromorfologické analyze (zaktiveni a thel k vodorov-
né roving), ktera ma velky vyznam k popisu povrchovych stop, respektive ke stanoveni, jestli se jedna o stopy vytvofené ¢lovékem nebo ptirodou. Tato
metoda pomaha k identifikaci artefaktii od tzv. ,,geofakti”. Béhem vyzkumu byly jasné rozliseny tii typy nastroji: kamenné mlaty se zlabkem, kamenné
otloukace a kamenné kliny. Rtizna nastaveni metody byla nejprve testovana na ,krasnych* nastrojich a potom pak byla aplikovana na ,,08klivych® na-
strojich, coz jsou hrubé tvarované kusy mistnich kameni, které 1ze tézko rozpoznat od geofakti.

Keywords: working trace analysis, shafted hammers, handheld hammers, wedges, feature enhancement, prehistoric mining

INTRODUCTION heaps, as these are the only types of mining implements that
. . L are discarded as soon as they become unusable, remaining
Due to their excellent preservation characteristics, stone mainly untouched in the dump heaps over times. On the one
tools are among the most important tools for studying prehis-  pang “passive” tools can be found, such as anvil stones on
toric mining. Contrariwise, tools made of organlc.materlals, which the ore was crushed, but on the other the majority of
such as wood, are only preserved in a few exceptions under e ytensils which can be observed in mining workshops are
peculiar environmental conditions, making them a rarer Kind  ne stone hammers used to work “actively” on the rock. Both
of archaeological evidence. Furthermore, the use of metal 4|5 were used in mining and processing in ore mining or in
tools can be proved mainly indirectly from the traces leftby preparation of raw forms in Neolithic quarries.
their use. This is because the metal constituting the tools that Despite their large number of specimens and impor-
had become unusable was often re-melted to prOdPC_e_ NEW  tance, which can be proficiently used for the reconstruction
metal artefacts. The reuse of metals and the susceptibility to ¢ exploitation operations, systematic investigations into

wear and decay of organic materials means that mainly only  {heir function and use have so far been rare. The subdivi-
the stone tools are to be found in large numbers on the ancient  gjon of the stone tools in the available literature is largely
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conducted freely, as uniform standards or classification cri-
teria as a basis of interpretation currently need to be for-
mulated. For example, J. Pickin classified the Welsh stone
hammers according to their shafting modifications (Pickin
1990), while the Cwmystwyth hammers, found as well in
Wales, were divided into 13 types, according to a combined
classification that considers shape and shafting modifica-
tions (Timberlake 1990). For the stone hammers from the
prehistoric mining of Saktrisi in Georgia, the typologies
were assessed based on shape and traces of shafting, with
five classes being distinguished (Stdllner et al. 2010; Stoll-
ner et al. 2014). Another example is the study of stone tools
from the prehistoric tin mines at Karnab in Uzbekistan
(Garner 2013). Here, the stone tools were divided into three
functional groups — picks, axes and hammers — based on
their cross-section and the shafting modifications.

In addition to the typological subdivision of stone tools,
other studies are based on the traces of work. These can
essentially be divided into two methods: analysis of the
micro-traces and macro-analysis of their distribution and
visibility.

In the prehistoric pigment quarry of Grotta della Mon-
aca in Italy, the micro-marks on the archaeological stone
tools were compared with those obtained in experiments
with replica stone hammers (Caricola 2020). Conversely,
in his doctoral thesis, D. Gale used a descriptive approach
to examine the macro-traces on the stone tools from various
mining districts in Wales. In his work, the different types
of working traces are defined and described, and differenc-
es in the variety and distribution of tools found in several
districts have been statistically studied and plotted (Gale
1995).

In this investigation, a 3D computer graphics approach,
based on the spatial analysis of tool surfaces, will be ap-
plied to classify the type of stone tools, their function and
their mode of operation, to be determined with the help of
the analysis of working traces. The study is based on the
assumption that every type of work leaves specific signs
of wear and tear on the tool. This premise would allow
approaching the characterization of the function of the ar-
chaeological object by a standardized and numerical en-
hancement of the traces left on its surface.

The first necessary step is the differentiation between
artificial marks and natural ones. Most traces of the tools
and natural stones are caused by the tools hitting another
stone. This action results in smaller and larger chips up to
the splitting of the stone, depending on the strength and
direction of the impact. However, there are clear differenc-
es in the distribution, density and visibility of these marks
between tools and natural rock fragments. On the natural
rocks, the tracks of the hit marks are impressed on the stone
surface when the stone is transported, when it rolls down
a slope, when it follows the water stream or falls off a rock.
In each case, the location of the impact marks on the natu-
ral rock shows no zonation, covering the surface randomly
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and, rarely, showing more than two impact scratches side
by side.

On the other hand, with regards to tools, the traces of
work are concentrated in one, two or rarely three zones
since the miner always used and held them in hand in the
same way, thus allowing to recognize the gesture indi-
rectly. Therefore, there is always a specific direction from
which the operator strikes the hit to convey the strength
over the aim of exploitation in the best way. Furthermore,
the repetition of the gesture over time leaves a zonation of
macro-signs on the tool whose direction and distribution
do not differ between different types of rocks, which can
be studied on a small scale by applying all-round digital
approaches.

The distinction between traces of natural origin and an-
thropogenic ones is only of secondary importance when
considering the “beautiful” tools. In fact, these are imme-
diately recognizable as tools because of the specifically
selected and mostly non-local material and their evidently
artificial preparation. However the study of the differenc-
es between natural and artificial marks is fundamental for
recognizing the “ugly” tools. These consist of local, often
relatively soft rocks that unclearly distinguish themselves
from geofacts for an only rough mise-en-forme and can,
therefore, easily be confused with natural stones. With the
method of working trace spatial analysis presented here,
however, these can be clearly distinguished since the mac-
ro-traces on the tools presented here are identical for both
“beautiful” and “ugly” stone tools. There are universal cri-
teria that can apply to all types of tools, without aesthetic or
petrologic distinction.

The analysis of the macro-traces presented here dif-
fers from the examination of the micro-traces, which can
be carried on using a microscope (optical or electronic).
With microanalysis, the type of damage visible on crys-
tals or grains can be used to determine whether the work
was percussive or abrasive, or a combination of both. Ad-
ditionally, from the macro-traces, it is possible to distin-
guish whether direct or indirect impacts produced them.
The macro-analysis of these marks, allows the formulation
of characterizations concerning the type of tools and how
they were used.

MATERIALS AND METHODS

The specimens under study have been observed and doc-
umented digitally during visits and surveys in ancient min-
ing and quarrying areas in Europe, whose descriptions are
reported in the catalogue in the Annex.

The essential and pivotal step for the working trace anal-
ysis is the extraction of the high-resolution 3D models of
the stone tools. In this study, these models are the input
data, which have been created using the Structure from
Motion (SFM) method to process vast datasets of digital
pictures of the objects, taken from each side, with an over-
lapping of at least 50 %. This process allows the creation
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of photomosaics and models without areas of no data and
with a negligible deformation. The files were saved in Stan-
ford ply format, as this takes up comparatively little storage
space and can be read with several open-source programs.
The FBX format was chosen for the rectified display of
the models since texture problems could arise with the ply
files. The following process is scaling the models, which
is also a pivotal step that allows obtaining a photorealistic
and measurable digital reproduction of the tools. The open-
source software Blender was used to scale and export the
models in both formats.

The work trace analysis was carried out with the open-
source GigaMesh program, which H. Mara developed at
the University of Heidelberg to examine cuneiform tablets
(Kromker et Mara 2013; Mara et Kromker 2013; Mara
2016; Schonpflug et Mara 2016) and that can be applied to
an extensive range of objects in cultural heritage.

After cleaning the mesh, the Multi-Scale Integral In-
variant (MSII) was applied Fig. 1. The algorithm allows
computing the curvature by intersecting the model with the
volume of multiple spheres. Normalizing the volume de-
scriptors enables a local classification of convex, concave
and flat areas. But first of all, the maximum size of the fea-
ture width must be estimated by manually pinpointing the
borders of a relevant mark. This is a delicate phase because,
using smaller values, only the noise will be detected, while
using a too big value, fine details are lost. With this method,
the greatest possible detail can be achieved, by, at the same
time, reducing the “noise” of irregular surfaces (Maass et
al. in print for more details on the methodology).

A second helpful method of enhancing work marks in
GigaMesh is the application of the slope function, which is
the representation of the angle between a horizontal plane
and the faces of the model, using different colour grada-
tions. With this method, the horizontal break lines can be
particularly emphasized, which is essential for identifying
tool types.

Fig. 1. The Multi-Scale Integral Invariant — MSII (modified from Mara et
al. 2010, Fig. 3).

Obr. 1. Multi-Scale Integral Invariant — MSII (upraveno podle Mara et al.
2010, obr. 3). 1. kamenné mlaty s méfitkem.

RESULTS

A preliminary phase of training has been carried out on
unambiguous, “beautiful” tools documented from prehis-
toric mining dumps using the methods described above.
This fundamental phase of setting allowed to distinguish
three clear patterns of traces of work, which emerged to be
attributable to three different types of tools: shafted stone
hammers, hand-held stone hammers and stone wedges. In
a second step, less clear or “ugly” stone tools, often re-
ferred to as geofacts, were subjected to the same investi-
gations, allowing to establish the criteria so long sought for
the distinction between a natural stone and a tool, as well
as the distinction between different gestures, that is to say,
different types of work.

In the following paragraphs, the working traces of each
of the three types of tools are described first as how they
came about and for which work the tools were used. The
so-called shaft modifications and the statistical discussion
of forms and sizes are then reported in separate paragraphs.

1. Shafted stone hammers

Shafted stone hammers are usually recognizable by their
shaft modifications, which, as will be shown, can also be
misinterpreted. These modifications consist of either a cir-
cumferential groove in the middle of the hammer or two
opposing notches, which prevent the hammer head from
slipping out of the shaft. However, even if no shaft modifi-
cations are recognizable, as is the case of the stone hammers
from Chuquicamata in Chile (Weisgerber 1992; Craddock
2003), the traces of work are so different that they would
be alone enough to discern whether a stone implement was
used as a shafted or handheld stone hammer Fig. 2. In the
case of shafted tools, working marks can appear on one or
two sides. The type and distribution of the working marks
are mostly asymmetrical: the shape of the working area of-
ten appears like a cutting edge with strong impact marks
in the form of dents since the stone usually breaks in long,
lens-shaped flakes on one flat side, more rarely on both flat
sides. On the opposite side, only the traces left by short
splits are usually visible.

This asymmetrical arrangement of the working marks
can be explained by the shearing forces that propagate in
the stone when it is struck with a stone hammer Fig. 3.
When handling the hammer with one arm, the user per-
forms several movements simultaneously: the first is done
by the arm, which accelerates the hammer forward, with
the two axes of rotation located around the shoulder and el-
bow. This movement only describes a slightly curved track.
A rotating motion of the hand at the end of the blow, with
which the hammer receives additional momentum and thus
the decisive impulse, has a significantly stronger impact on
the hammer head. The hammerhead performs a tight cir-
cular movement with a radius equal to the handle’s length.
When it hits the stone block, the shearing forces in the ham-
merhead arise due to this narrow circular path, which can
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Fig. 2. Examples of shafted stone hammers (a: Inn-valley-1; b: Vosges-1). The following structure is similar for all the figure compositions. The first line
shows the tool with texture. The second line shows the tool processed with MSII, in frontal view and view of the working area. The colours symbolise: in
light green, a flat surface; in yellow-red-white colour scale, the different degrees of convex surface; and in turquoise-blue-violet colour scale, the different
degrees of concave surface. The third line shows the tool (also in frontal view and view of the working area) processed with the slope-function (angle to
a horizontal plane in the centre of the tool): the turquoise colour shows the areas perpendicular to the plane, while the yellow-red colour ramp shows the
different angles (red is used for the surfaces parallel to the plane) in the zone above the plane and, in blue till violet hues, are represented the areas under
the plane (violet is used for the surfaces parallel to the plane).

Obr. 2. Priklady kamennych mlatll se zlabkem (a: udoli Inn 1; b: Vosges 1). Snimky z MSII analyzy z pfedni a bo¢ni strany kamennych predmétt.
Barevné $kaly znazoriiuji: a) Svétle zelena = rovny povrch b) Zluto-&erveno-bila barevna §kala = stupn& konvexniho thlu ¢) Tyrkysové-modro-fialova
barevna §kala = stupné konkavniho hlu. Slope-function analyza (méfeni uhlu k vodorovné roviné ve stfedu nastroje) realizovana na piednich a bo¢nich
stranach predmétl. Tyrkysova barva ukazuje oblasti kolmé k stfedu, zIluto-Cervena barva oznacuje Sikmou plochu s riiznymi hly (¢ervena se pouziva
pro plochy rovnobézné se stfedem predmétu). Modré az fialové barevné Skaly oznacuji Casti nad stfedem a pod stfedem predmétu (fialova se pouziva
pro plochy rovnobézné se stfedem).
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Fig. 3. The shear forces in the hammerhead at the moment when the ham-
mer hits on another surface; a) the drawing shows the vertical motion and
b) the horizontal, circular motion of the hammer.

Obr. 3. Smykové treci sily v kamenném mlatu se zlabkem v okamziku
uderu na jiny povrch; a) kresba znazoriujici vertikalni pohyb b) horizon-
talni pohyb.

lead to the ejection of long flakes, which, as can be seen in
the drawing Fig. 3a, occur on the upper side of the hammer-
head and, at the same time, have a significantly more potent
effect on the block that has to be processed. Towards the
bottom, the direction of the gravitational forces is consider-
ably steeper than the main axis of the hammerhead, which
is why only short, superficial chips occur here. A third mo-
tion, the one-handed strike, is created by a circular motion
of the hammer inward from the side of the miner’s body,
with the shoulder as the fulcrum (as shown in Fig. 3b). Be-
cause of this movement, the long flakes tend not to occur
centrally at the top but rather with an offset towards the
outside (viewed from the miner’s body) of the hammer.

Because of the position of the working marks, it is possi-
ble to accurately determine the orientation of use of a stone
hammer, which also allows to imply whether the miner was
left- or right-handed and, in favourable cases, if the head
was turned for a re-using of the fresh side.

Due to the big size of the shafted stone hammers — that
generally weigh more than 1 kg — it is possible to argue that
these were mainly used to break up large blocks obtained
from fire-setting Fig. 4, a preliminary preparation phase
that precedes the transport of the block. These stone ham-
mers are of little use for finer work, as the rock splinters
burst far away due to the narrow, arc-shaped impact path,
which also causes the spread of shear forces in the worked
stone.

2. Handheld stone hammers

The second group of working traces is assigned to the
unhandled, handheld stone hammers. These tools have
a working surface that is rarely regularly convex Fig. 5;
Fig. 6. Especially with hard, dense rocks such as quartzite,
shattered crystals and impact marks in the form of small de-
pressions can still be seen on the working surface, and there

Fig. 4. The work of the shafted stone hammer for breaking big blocks.
Obr. 4. Praktické znazornéni funkce kamennych mlati slouZzici k rozbijeni
velkych ¢asti ur€ité suroviny.

may be small chip marks at the borders. Larger spalling can
also occur at weak points in the rock.

As the name of this tool suggests, the hammerstone was
held directly in hand and used without a handle in mining
operations or in crushing chunks of ore. Holding it direct-
ly in hand makes the blow almost straight, as the hammer
stone hits the work surface at a right angle Fig. 7. With this
blow, the occurring shearing forces are lower than those ob-
tained with a shafted hammer and are symmetrical to the
tool axis. This type of action causes the edges of the face
to splinter so that the convex working surface forms over
time. Lens-shaped flakes, as seen in the shafted stone ham-
mers, do not occur with the handheld ones. In some areas,
unhandled stone hammers were also used in mining, such as
in the Neolithic hematite mines near Bad Sulzburg (Golden-
berg et al. 2003) or in the Chalcolithic copper mines of
Cabricres (Maass 2005), where heavier specimens, weigh-
ing over a kilogram, were also found.

However, most of the tools can be found in the processing
heaps of all prehistoric periods, where they were used for
crushing the minerals Fig. 8. In fact, the straight hit with the
lower shear forces reduced the spreading of small mineral
chips and was, therefore, better suited for crushing works.

3. Stone wedges

The third type of working marks differs clearly from the
two previously presented, and it is assigned to the group
of stone wedges. In this case, two different forms of work-
ing marks are always placed on the two opposite sides of
the tool Fig. 9; Fig. 10. On one side, an area with impact
marks can be identified, which can appear more explicit or
less clear, depending on the hardness of the rock. On tools
made of hard and massive rocks, the work area consists
of a clearly battered surface with impact marks and shat-
tered crystals, while on less hard or dense rocks, the impact
marks are less evident. Flat natural fractures, which were
preferentially used as hitting areas, often appear smooth-
ened and flattened because of the repeated hits impressed
by a wooden mallet. In addition to smaller and larger
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Fig. 5. Examples of “beautiful” handheld stone hammers (a: Cabrieres-1; b: Si- Fig. 6. Examples of “ugly” stone hammers (a: Harz mountains 1; b: Harz
erra de Orihuela-1). mountains 2).
Obr. 5. Piiklady ,,krasnych” kamennych otloukact (a: Cabriéres 1; b: Sierra Obr. 6. Priklady ,,08klivych® kamennych otlouka¢t (a: pohoti Harz 1;
de Orihuela 1). b: pohoii Harz 2).
Fig. 7. The direction of the forces in the handheld hammer at the Fig. 8. The work of the handheld stone hammer for cru-
moment of hitting another surface. shing minerals.
Obr. 7. Smykové treci sily v kamenném otloukaci v okamziku Obr. 8. Rekonstrukce vyuziti kamenného otloukace na dr-
uderu na jiny povrch. ceni hornin.
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Fig. 9. Examples of “beautiful” stone wedges (a: Inn-valley 2; b: Inn-val-
ley 3).
Obr. 9. Priklady ,.krasnych® kamennych klint (a: udoli Inn 2; b: udoli
Inn 3).

chips to the side surfaces, which can often be observed,
a typical appearance of this type of tools is one side edge
of the hitting area visibly rounded, while the others are still
sharp-edged Fig. 11.

On the opposite side, the traces of work are much more
prominent. The working edge or tip is beaten round and has
strong impact marks in the form of depressions. In many
cases, the working edge has a slight S-shape caused by the
breaking of smaller and larger chips on both sides. In mas-
sive rocks, their ends form almost parallel steps that lie on
top of each other and can give the wedge shape to the tool.
In coarsely crystalline rocks, such as granite, it is possible
that the wedge shape forms without any clear steps due to
the rock structure.

These two different forms of working marks are pretty
easy to interpret. The blurred ones are produced by blows
impressed with a hammer, which was probably made of an
antler or a wooden mallet. A stone hammer would damage
the wedge so much that it would have a very short lifespan.
However, the softwood absorbs part of the impact energy
so that, although the impulse is the same, the wear on the
tool is significantly lower. Several wooden hammers were
found in the Bronze Age copper mines at Mitterberg in
Austria, which would suit this work well (Klose 1918).
They have the same shape as today’s wooden mallets used
by sculptors and stonemasons. However, simple branches

Fig. 10. Examples of “ugly” stone wedges (a: Rhodopes 1; b: Tolfa-moun-
tains 1).
Obr. 10. Priklady ,,08klivych* kamennych klint (a: Rhodopes 1; b: pohofti
Tolfa 1).

were probably also used for hitting, as some stone wedges
have a V-shaped surface formed by the impact marks in the
centre Fig. 12. The one rounded edge of the hitting face is
related to the handling of the tool. Since the miner always
holds the wedge in the same way, the hammer mostly hits
the same area, leaving the rounded edge at that point.

The deep marks on the opposite side come from the per-
cussion of the tool on the worked stone. The wedge trans-
mits the energy of the mallet to the workpiece, causing the
direction of force to diffuse in a straight line in the direc-
tion of the blow, with less lateral shear than the ones spread
when working with stone hammers Fig. 13. The outbursts
are rarely lenticular but mostly flat, parallel to the long
axis of the tool and often terminate along transverse frac-
ture planes or zones of weakness in the rock. Over time, the
repeated flaking off of smaller and larger fragments results
in the typical wedge shape, with parallel broken edges ly-
ing one on top of the other in a stepped manner. Very often,
the fractures are not distributed symmetrically on the two
side surfaces of the stone wedge but occur more frequently
on one side, which the holding of the tool at an angle can
explain.

Stone wedges were used to split stones in a targeted man-
ner Fig. 14, focusing on a single point and in one direction,
for example, along a vein of ore, significantly reducing the
wasted material before the actual crushing of the ore. In
Neolithic quarries for the production of stone axes, stone
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Fig. 11. V-form of the hitting area at a stone wedge (Harz-Mountains 3).
Obr. 11. Uderna plocha na kamenném klinu ve tvaru pismena V (pohoii
Harz 3).

Fig. 12. View of the hitting area of a stone wedge. On the left side, the top
and the bottom edges show sharp borders, visible by the abrupt change
of the colour from red to turquoise, while, on the right side, the smoother
transition from red to yellow shows the rounded surface of the hammering.
Obr. 12. Pohled na udernou plochu kamenného klinu. Leva strana: Horni
a spodni okraje maji ostré hrany viditelné zménou barvy z Cervené na
tyrkysovou. Prava strana: Znazornéni prechodu z ¢ervené do zluté u zaob-
lenych povrchu pii tfeni.
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Fig. 13. The direction of the forces in the stone wedge at the moment of
the hit of the wooden hammer.

Obr. 13. Smér tiecich sil v kamenném klinu v okamziku tderu pomoci
dievéné palice.

Fig. 14. The work of the stone wedge for splitting stones.
Obr. 14. Rekonstrukce vyuziti kamenného klinu na $tipani.

wedges could be used to separate the raw rock plates from
the stone slabs more easily and quickly and, in this way,
due to the targeted impact, the waste material could be re-
duced in comparison to the use of hammers for the same
operation.

The stone wedges were referred to as stone chisels in an
earlier paper (Stollner et al. 2006). However, since chisels
work by cutting while these tools only split, the term stone
wedge is proposed here.
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3.1. Experiment with a stone wedge

An experiment was carried out to examine the work-
ing marks on a stone wedge. For the wedge, a piece of
greywacke coming from the heap of a Neolithic quarry
in the Harz Mountains has been employed, while for the
mallet, a piece of birch weighing 420 g, has been used
Fig. 15A. The workpiece was a slab of greywacke, also
coming from the Harz Mountains. As theoretically hypoth-
esized in the chapter on stone wedges, small chips quickly
chipped off the side of the tool while the working edge got
rounder Fig. 15B. Additionally, as a result, the already de-
scribed step-shaped side surfaces have been observed Fig.
16. The attempt was stopped after a short time because the
stone was too short to continue safely holding it. In fact,
because of the weathering of the wedge on the surface,
the stone was less hard and it wore off faster during the
experiment.

4. Size of the tools

The size and sometimes also the shape of the stone
tools depend on their purpose. For example, sizeable and
weighty tools are better suited for heavy work than lighter
ones, while these are better used for finer work due to their
easier handling. The following diagram Fig. 17 shows this
very clearly, even if only as a trend, as there are inhomo-
geneities in the numbers of available samples for some of
the typologies under study. For example, only the data from
three stone hammers were available and, in addition, these

are often severely damaged, so the weight should be signif-
icantly higher.

In contrast, the hand-held stone hammers and stone wedg-
es show an inverse distribution. Most of the tools are in the
sub-kilo range, as they are sufficient for crushing pieces of
mineral that have been pre-sorted, especially since the rock
is usually already weakened by the firesetting during ex-
ploitation. For the same reason, a smaller size is also suffi-
cient for the stone wedges. However, heavy tools weighing
several kilograms also occur with both types of tools but to
a lesser extent. Only hand-held rock hammers were found
in some areas, such as the Cabriéres mining district (Maass
2005): this observation explains that heavy rock hammers
were used for breaking big rock slabs. In addition to the
“normal” stone wedges, heavy specimens were also found
in Neolithic quarries, used to split thick slabs of rock for the
shaping of axes’ raw forms. Working with the heavy stone
wedges may have required two workers: one to hold the
wedge and a second to brandish the heavy mallet.

There are also visible tendencies in terms of shape, with
the geological conditions playing an important role here.
Fig. 18 clearly shows that the stone wedges in the sam-
ple pool are less thick than the hand-held stone hammers.
They also usually have a somewhat elongated shape, while
the unhandled stone hammers are often more rounded. The
elongated shape is better when working with a hammer,
but this still needs to be verified with larger samples from
different districts, as in this study, most of the stone wedg-
es come from prehistoric quarries in the Harz Mountains

Fig. 15. The experiment with a stone wedge A: the wedge, mallet and workpieces before the experiment; B: The wedge and chipped chips after the

experiment.

Obr. 15. Experiment s kamennym klinem. A: kliny, mlaty a polotovary pfed experimentem; B: klin a rozstipnuté zlomky po experimentu.
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Fig. 16. The wedge of the experiment a: before the experiment; b: after
the experiment.

Obr. 16. Experimentalné vyrobeny kamenny klin. a: pfed experimentem;
b: po experimentu.

Fig. 17. Diagram with the weight distribution plotted on a size-index of
the tools.
Obr. 17. Diagram s rozlozenim hmotnosti vynesenym na index velikosti
nastroju.

and are composed of sedimentary rocks that favour flatter

shapes, especially when waste pieces were used as blanks.

5. Modifications for handling

Shafting modifications are usually referred to as pecked
roughening, notches and grooves, with the help of which
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Fig. 18. Triplot-diagram plotting the form of the studied tools.
Obr. 18. Tri-plot diagram s vykreslenym tvarem zobrazenych nastroja.

the hammer head was firmly attached to a handle by a strap
(probably in leather) either in the groove or the notches,
connecting the stone on a branch (Klose 1918). The branch
is cut where it widens at the junction to the timber so that
its wider part forms the base for the hammerhead. Another
form of shafting is documented from the prehistoric copper
mining of Chuquicamata in Chile but it is also found in ar-
chaeological contexts in Europe. To reproduce this type of
shafting, a willow branch is wrapped around the stone and
tied tightly underneath so that the hammer is firmly fixed
(Weisgerber 1992, Craddock 1990, Craddock 2003). From
Egypt, a third type is known, represented both in drawings
and testified by archacological finds, in which two branch-
es directly connected at one end are fixed to the sides of
the hammerhead. To do this, straps above and below the
stone press the branches so tightly against it that the ham-
merhead is securely clamped in and does not slip out when
brandished. In addition to the pressure of the straps and the
branches, the notches in which the straps are fastened en-
sure that the hammerhead is solidly fixed, even if the at-
tachment should loosen a little. For safe handling of the
hammer, the shaft must be attached in the centre of gravity
of the hammerhead or, otherwise, it will be overweighed to
the front or back, losing stability and tiring the miner who
has to compensate for this “imbalance”. Since the direction
of impact is transverse to the straps or rods wrapped around
the stone, the shaft modifications are attached transversally
to the longitudinal axis of the hammerhead.

In some cases, a transverse groove or two opposite notch-
es are placed outside the centre of gravity. In addition, an-
other notch, running from the groove in the direction of the
longitudinal axis over one end, is pecked into the stone.
This accommodates an additional strap that runs over the
rear end of the hammer and provides extra security for the
hammerhead, even if the hammer can only be used on one
side. This type of shaft can be observed on the stone ham-
mers from Chuquicamata in Chile Fig. 19, which is often
still preserved (Craddock 1990; Craddock 2003).
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Fig. 19. Two stone hammers from Chuquicamata in the Mining collection
of the Mining Academy in Freiberg/Germany (Photo A. Maass).

Obr. 19. Dvé kamenna kladiva z dolu Chuquicamata v hornické sbirce
Bariské akademie ve Freibergu, Némecko (Foto A. Maass).

On closer inspection, however, not all modifications are
suitable for keeping a shaft. On many stone implements,
however, one single notch can be observed on one longitu-
dinal edge, which can also be outside the centre of gravity,
or there is a notch on one edge and two, three and/or one
wide notch on the opposite side. Instead of real notches,
only locally rounded edges can be used. These incisions are
difficult to interpret as a modification for fixing the ham-
merhead on the handle. Contrariwise, they are well suited
to give the miner’s fingers a secure fit and smooth out sharp
edges, so they don’t cut into the miner’s hand. The single
notch, often a wide one, is for the thumb, while the opposite
ones accommodate the other fingers.

6. Raw materials

The best raw materials selected for stone tools in ancient
times were hard and massive rocks such as quartzite or
eclogite, as they best withstand heavy work and thus can
be used the longest without being replaced. Due to their
regular shape, cobbles from streams, rivers and glacial
moraines were preferred. If there were no suitable pebbles
nearby, these were sometimes supplied to the mining sites
from great distances. For example, the quartzite pebbles
for the stone hammers used in the Neolithic flint mines
of Veaux in southern France were transported over a dis-
tance of 20 km from the Rhone valley (Schmid 1999). The
Bronze Age copper miners took an even longer route at
Cwmystwyth in Wales, probably fetching the cobbles for
their stone hammers from the beaches near Aberystwyth,
some 30 km away (Thorburn 1990, Craddock 1995).

However, these large distances between the raw materi-
al source and the exploitation sites, where the tools were
actually used, were the exception. Field evidence in seve-
ral areas in and out of Europe supports the conclusion

that miners regularly used local rocks, even if they were
of poorer quality, if there were no suitable pebble sources
in the vicinity or if the transport route was too complicat-
ed, such as in the high mountains. In such circumstances,
exploiting local rock was “cost-effective”, representing
less effort and a more extensive supply basin, even if the
tool had a shorter lifespan and the rock had to be active-
ly exploited and then the raw hammers artificially shaped.
A good example is the Chalcolithic copper mining area of
Cabriéres in southern France, where quartzite rocks that
protrude within the surrounding limestone were mined as
raw material for the stone hammers by means of fire-set-
ting and then processed into rough hammers (Maass
2003). In the field, during surveys, it is often possible to
individuate mining structures in the rocks with the typical
traces of fire setting, but also the dump heaps of the work-
shops, consisting of countless flakes and brought-to-size
stone hammers, which were not yet used. However, such
quarries were not rare but had rather a regular occurrence,
as it is testified by surveyed areas in Morocco (Celauro
et al. 2016), in Portugal (Celauro et Maass 2022) and on
the Canakkale Peninsula in Turkey, where the discovery
of about 30 quarries for the extraction of raw material for
stone tools (hammers and wedges) has been documented
(Ersen et al.). In the Neolithic quarries, large flakes that
were discarded from the manufacture of rough axes were
therefore available in large numbers as stone wedges or
hand-held stone hammers. The sharp edges of such stone
tools had to be rounded off a little before their use so they
didn’t cut into the palms of the hands.

CONCLUSIONS

Analyzing the macro-traces of prehistoric mining tools
allows us to determine and reconstruct their function and
how they were handled. This approach permits a better un-
derstanding of the various operative steps in the exploitation
of mineral raw materials and, under certain circumstances,
through the spatial distribution of the tools on sites, it al-
lows to recognize the possible organization of the work in-
to different workshops. However, the digital methodology
proposed here is suitable for identifying prehistoric mining
tools in areas where pebbles were only available in limited
numbers due to geographic and geological conditions, but
mineral raw materials were in demand. For example, this
may be the case of the German low mountain ranges, which
are rich in ores and suitable rocks for manufacturing stone
axes. However, in this zone, suitable pebbles are difficult to
find due to the lack of glaciation during the ice ages and be-
cause of the few rivers with good gravel banks. Therefore,
some cobbles were quarried from greater distances, as in
the case of the Neolithic hematite quarry of Bad Sulzburg,
whose stone hammers come from the Rhine Valley. But as
the Neolithic quarries of Plancher-les-Mines in the Vosges
demonstrate, prehistoric miners also relied on the extensive
use of local, ‘ugly’ tools that are less easily identified in
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the terrain. In the Harz Mountains in Lower Saxony, too,
recently, stone tools made of local rocks that belonged to
Neolithic quarries where stone axes were produced could
be better described thanks to this approach. This example
shows that systematically observing the working traces that
distinguish prehistoric tools from natural stones can help
filling significant gaps in the prehistoric mining landscape.
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Tab. 1. Sizes and informations of the studied stone tools.
Tab. 1. Velikosti a informace o studovanych kamennych nastrojich.

Number I?;?:; \Evr:::; Thid((r'::rs; weigg;; object hammer use  material m::::gl Period
Inn-valley-1 155 150 80 2822  hammer shafted amphibolite copper  Bronze Age
Inn-valley-2 119 100 58 900 wedge metamorphite  copper  Bronze Age
Inn-valley-3 155 84 53 917  wedge granite copper  Bronze Age
Inn-valley-4 90 45 33 180 wedge gneiss copper  Bronze Age
Inn-valley-5 150 78 48 904 wedge shist copper  Bronze Age
Inn-valley-6 200 119 78 2568 wedge shist copper  Bronze Age
Inn-valley-7 145 72 37 458  wedge greenshist copper  Bronze Age
Inn-valley-8 102 64 39 373  wedge metamorphite  copper  Bronze Age
Inn-valley-9 122 99 41 492  wedge greenshist copper  Bronze Age
Inn-valley-10 72 87 86 733 hammer hand-held quartzite copper  Bronze Age
Inn-valley-11 78 74 28 196  wedge gneiss copper  Bronze Age
Obertauern-1 175 136 85 2268 hammer shafted amphibolite copper  Bronze Age
Rhodopes-1 111 110 30 514  wedge gneiss gold Bronze Age
Rhodopes-2 115 86 52 588 hammer hand-held chert gold Bronze Age
Rhodopes-3 160 86 59 1028  wedge micro granite gold Bronze Age
Rhodopes-4 144 96 62 750  wedge quartzite gold Bronze Age
Cabrieres-1 161 122 114 3378 hammer hand-held quartzite copper  Chalcolithic
Cabriéres-2 109 66 62 725 hammer hand-held basalt copper  Chalcolithic
Cabriéres-3 69 96 68 573 hammer hand-held quartzite copper  Chalcolithic
Cabrieres-4 97 84 53 603  hammer hand-held quartzite copper  Chalcolithic
Cabriéres-5 150 162 106 3347 hammer hand-held basalt copper  Chalcolithic
Vosges-1 153 97 67 1446 hammer shafted gneiss quarry  Neolithic
Vosges-2 158 126 96 2531 wedge micro granite quarry  Neolithic
Vosges-3 187 158 70 2877  wedge micro granite quarry  Neolithic
Vosges-4 203 148 114 3713  wedge micro granite quarry  Neolithic
Vosges-5 148 53 24 199  wedge Knotenschiefer quarry  Neolithic
Vosges-6 170 1715 hammer hand-held Knotenschiefer quarry  Neolithic
Experiment 1-1 159 92 39 500 wedge greywacke

Experiment 1-2 143 92 39 wedge greywacke

Harz-mountain-1 144 83 83 1410 hammer hand-held diabase quarry  Prehistoric
Harz-mountain-2 179 74 64 1397 hammer hand-held greywacke quarry  Neolithic
Harz-mountain-3 161 80 34 626  wedge greywacke quarry  Neolithic
Harz-mountain-4 143 72 38 516  wedge greywacke quarry  Neolithic
Harz-mountain-5 153 73 35 588 wedge greywacke quarry  Neolithic
Harz-mountain-6 135 151 42 1068  wedge greywacke quarry  Neolithic
Harz-mountain-7 110 76 51 418 hammer hand-held lydite quarry  Neolithic
Harz-mountain-8 185 56 48 785 wedge quartzite quarry  Neolithic
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Harz-mountain-9

Harz-mountain-10
Harz-mountain-11
Harz-mountain-12
Harz-mountain-13
Harz-mountain-14
Harz-mountain-15
Harz-mountain-16
Harz-mountain-17
Harz-mountain-18
Harz-mountain-19
Harz-mountain-20
Harz-mountain-21
Harz-mountain-22
Harz-mountain-23
Harz-mountain-24
Harz-mountain-25
Harz-mountain-26
Harz-mountain-27
Harz-mountain-28
Harz-mountain-29
Harz-mountain-30
Harz-mountain-31
Harz-mountain-32
Harz-mountain-33
Harz-mountain-34
Harz-mountain-35
Harz-mountain-36
Harz-mountain-37
Harz-mountain-38
Harz-mountain-39
Harz-mountain-40
Harz-mountain-41
Harz-mountain-42
Harz-mountain-43
Harz-mountain-44
Harz-mountain-45
Harz-mountain-46
Harz-mountain-47

Harz-mountain-48

189
177
178
163
162
193
147
160
124
153
105
116
174

94
204

89
163

96
120
143
279
209
186
138
174
130
137
190
153
140
246
147
152
132
143
148
205
115
150
137

106
91
95
72

103

101
58
83
78
43
67

161
84
61

141
74

140
69
95
88

109
90

126
47

113

110

114

131
53

102

180
94
52
47
50
98
78
55
79
59

72
33
68
56
73
53
55
59
23
36
38
56
52
21
92
53
58
20
74
44
71
71
71
47
52
86
60
75
24
37
82
30
25
36
39
60
71
33
52
28

1531
1315
645
815
1278
1137
496
638
356
324
314
1251
935
174
2450
362
1809
225
954
679
3178
1642
1655
489
1194
1828
1029
3306
319
638
3645
455
242
235
333
1130
1452
258
712
281

wedge
wedge
wedge
wedge
hammer hand-held
wedge
wedge
wedge
wedge
wedge
wedge
wedge
wedge
wedge
wedge
wedge
wedge
wedge
wedge
wedge
wedge
wedge
wedge
wedge
wedge
hammer hand-held
wedge
hammer hand-held
wedge
wedge
wedge
wedge
wedge
wedge
wedge
wedge
wedge
wedge
wedge

wedge

quartzite
greywacke
greywacke
greywacke
greywacke
lydite
greywacke
greywacke
greywacke
greywacke
greywacke
greywacke
greywacke
greywacke
greywacke
greywacke
greywacke
quartzite
quartzite
quartzite
quartzite
greywacke
greywacke
greywacke
gabbro
gabbro
diabase
greywacke
greywacke
greywacke
greywacke
greywacke
greywacke
greywacke
greywacke
greywacke
greywacke
greywacke
shist

shist

quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry

quarry

Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
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Harz-mountain-49
Harz-mountain-50
Harz-mountain-51
Harz-mountain-52
Harz-mountain-53
Harz-mountain-54
Harz-mountain-55
Harz-mountain-56
Harz-mountain-57
Harz-mountain-58
Harz-mountain-59
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Harz-mountain-66
Harz-mountain-67
Harz-mountain-68
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Cantabrian
Mountains-1

Ibiza-1
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Orihuela-1

Turkey-1

110
114

90
209
144
162
131
286
175
183
164
148
167
160
107
210
113
155
107
163
158

94
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139
102
155
105
110
108
132

162

50

103

141

93

77

59
65
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89
72
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66
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74
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90
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89
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48
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53
33
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463
985
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886
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378
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1043
1168
402
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922
772
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306
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700
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5700
1744
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281
288
502
586

1307

456

1246

872

536

317

wedge
wedge
hammer
wedge
wedge
wedge
wedge
wedge
wedge
wedge
wedge
wedge
wedge
wedge
wedge
wedge
wedge
wedge
hammer
wedge
wedge
hammer
hammer
hammer
wedge
hammer
wedge
wedge
wedge

hammer
hammer
hammer
hammer
hammer

hammer

hammer

hand-held

hand-held

hand-held
hand-held
hand-held

hand-held

hand-held

hand-held

hand-held

hand-held

hand-held

hand-held

hand-held
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shist
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gabbro
quartzite
quartzite
quartzite
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greywacke
greywacke
greywacke
greywacke
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greywacke
quartzite
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quartzite
quartzite
quartzite
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quartzite
slag
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metabasite

chert

quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
quarry
copper

copper

copper

copper

copper

silver

copper

copper

Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Neolithic
Prehistoric
Prehistoric

Early Bronze
Age

Iron Age

Early Bronze
Age

Prehistoric

Early Bronze
Age

Early Bronze
Age
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New finds of Prehistoric-Roman mining and smelting in the UK:
A brief review of the work of the Early Mines Research Group between 2015 and 2022

Nové nalezy prehistoricko-Fimského hornictvi a hutnictvi ve Spojeném kralovstvi:
Strucny pi‘ehled prace skupiny Early Mines Research Group v letech 2015 az 2022

SIMON TIMBERLAKE

Early Mines Research Group (UK), Cambrian Mines Trust, McDonald Institute, University of Cambridge (Affiliate Scholar),
e-mail: simon.timberlake@gmail.com

Abstract: Archaeological work carried out since 2015 has built upon a substantial body of knowledge gained from the excavations of an important
prehistoric copper mine on Copa Hill, within the mining landscape of the Upper Ystwyth valley in Ceredigion, West Wales. This mine cannot be seen in
isolation, given that it is one of eleven confirmed mining and prospection sites all dating from the Early Bronze Age located within the Plynlimon district of
the Cambrian Mountains (Ceredigion/ West Montgomeryshire (Powys)). This group is part of a wider spread of Bronze Age mines which includes sites on
the North Wales coast and Anglesey, the Isle of Man, Alderley Edge (Cheshire) and Ecton in the English Peak district. In general the start-date for mining
becomes later the further east we go, and all mines become inactive around 1600 BC when the rich copper deposits of the Great Orme were found and
worked during the Middle Bronze Age. The links between mining and the Beaker incomers at the end of the 31 millennium BC is examined in the context
of the find of the Banc Tynndol disc close to the mine site at Cwmystwyth. Over the last decade renewed work at Cwmystwyth has led to the discovery
of yet another mine, whilst work within the Plynlimon hinterland has established that some of these mineworkings were larger than previously thought.
Our most recent investigations have confirmed the evidence for Iron Age mining, such as that carried out at Llanymynech in a hillfort setting on the Welsh
Borders, whilst at Cwmystwyth the continuation of lead mining into the Roman and early medieval period has been confirmed; with the discovery of lead
smelting, charcoal-production sites, and in the last few years early medieval iron smelting — the latter most probably linked to the Cistercian interests of
the nearby Strata Florida Abbey which included this mineral-rich area in their grange.

Abstrakt: Archeologické prace provadéné od roku 2015 byly podlozeny velkym souborem informaci ziskanych z vykopavek vyznamného pravékého
mé&déného dolu na kopci Copa v dilni krajin€ udoli Upper Ystwyth v oblasti Ceredigion v zapadnim Walesu. Tento dil nelze vnimat izolované vzhledem
k tomu, Ze jde o jedno z jedenacti potvrzenych tézebnich a prospekénich mist pochazejicich ze starsi doby bronzové v oblasti Plynlimon Kambrického pohoti
(Ceredigion / West Montgomeryshire (Powys)). Tato skupina je soucasti §ir§iho izemi dolti z doby bronzové, do kterého patii lokality na pobfezi severniho
Walesu a Anglesey, ostrov Man, dale Alderley Edge (Cheshire) a Ecton v anglickém Peak District. Obecné plati, ze data zahajeni t&zby jsou dale mladsi
smérem na vychod, a vSechny doly pfestaly fungovat kolem roku 1600 pf. Kr., kdy byla nalezena bohata médéna loziska Great Orme, ktera byla zpracovana
béhem stiedni doby bronzové. Spojeni mezi tézbou a piistéhovalci z kultury zvoncovitych pohari na konci 3. tisicileti pi. Kr. je zkoumano v ramci nalezu
disku Banc Tynndol blizko dolu u obce Cwmystwyth. Prace u Cwmystwyth obnovena v poslednim desetileti vedla k objeveni jesté dalsiho dolu, zatimco
prace v okoli hory Plynlimon odhalila, ze néktera z téchto dulnich dél byla vétsi, nez se diive myslelo. Nase nejnovéjsi prizkumy potvrdily tézbu v dobé
zelezné, napt. prace provedené u Llanymynech na hradisti na vel$skych hranicich. U Cwmystwyth bylo dolozeno pokracovani t&zby olova v fimském obdobi
a raném stfedoveku, a to diky odkryvu hutnického aredlu, militovist’ a (v poslednich letech) také rané stredoveké zelezarské huté. Tavba zeleza je velmi

pravdépodobné spojena se zajmy Cisterciakti nedalekého opatstvi Strata Florida, do jejichz pozemkové drzby tato oblast bohata na nerostné suroviny patiila.

Key words: Cwmystwyth, Bronze Age, copper mine, wood + stone tools, radiocarbon, Llanymynech, lead smelting, Roman, charcoal, bloomery

INTRODUCTION It would be fair to say that the paper given here provides
. just a brief review of an awful lot of work, and that it would

The current paper is a fully-referenced summary of the | preferable for yourselves to study these accounts in much
talk presented by myself at Stfibrnd Jihlava in 2022, pro-  greater detail within the various UK and European archae-
Vld.lng areview of the most recent \{VOfk carried out by us ological journals, conference proceedings and monograph
which includes some of the latest evidence for Bronze Age  pooks in which they have been fully published (for example
to Roman mining and smelting in the UK. This is a useful i berlake 1990, 2001, 2003, 2004, 2009a-+b, 2014, 2016,
sequel to the paper given in 2013 at Jihlava and published 2017, 2021; Timberlake et al. 2018 a+b, 2019, 2020, and
in Acta Rerum Naturalium (28/2023 in press). The latter  50p1; Timberlake et Marshall 2013, 2014, Timberlake et
focused on some of our first investigations of medieval  james 2018 and Jenkins et al. 2021). None of these include
lead mining and smelting, particularly from those sites in specific study of the Great Orme Bronze Age Mine, a site

Central Wales and the Peak District excavated by the Early (11 has always been investigated as a separate project
Mines Research Group (EMRG) between 1986 and 2012.
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(SEE Dutton and Fasham 1994; Lewis 1996; Wager et Otta-
way 2018; Williams 2019). What we have here then is a pre-
cis of just some of the archaeological work carried out by the
EMRG in West Wales and the Welsh Borders between 2015
and 2022. Of necessity also has been the inclusion of some
of the earlier findings made at these sites, and a discussion
of some of the ideas on which the current research is built.

THE INVESTIGATION OF BRONZE AGE MINING
AND PREHISTORIC MINING LANDSCAPES IN
WEST-CENTRAL WALES

Copa Hill, Cwmystwyth

It would be useful in the context of more recent work to
provide a summary here of the archaeological excavations
carried out by the EMRG at the Comet Lode Opencast, on
Copa Hill (Figures 1 & 2) between 1988 and 2002. This is
asite of an Early Bronze Age copper/lead mine worked inter-
mittently between 2100-1650 BC, and largely preserved on
account of its degree of burial, waterlogging and lack of lat-
er disturbance (Figures 3 & 4). The site is widely-published
and is of national and international importance on account
of the quality and quantity of finds uncovered (Timberlake
1990, 2003, 2004 and 2016). These include the remains of
firesetting and the use of tools made of antler (Figure 5),
wood and stone, as including withy ropes (Figure 6a) and
basketry (Figure 6b), alongside the use of hollowed-out
tree trunk wooden launders for the purposes of draining the
mine and for washing activities (Figures 7a+b and 11). The
drawings in Figures 8-10 show the various examples and
the range of stone tools which appear to have been oppor-
tunistically chosen, fabricated, then re-cycled as different
tools for the purposes of rock-breaking, wedging, chiselling,
picking, crushing, and tool artifacting; in addition to their
use as anvils or as mortars in ore preparation. The majority
of these tools are made from thousands of beach cobbles
(between 1-3 kg in weight) brought up to the site from the
coastline at Cardigan Bay. In almost all cases the cobbles
show very little evidence of having been artefacted, yet
they exhibit plenty of use-wear. To some extent we are wit-
nessing the opportunistic use of the available stone to hand,
yet almost all of these appear to have been well-selected at
source. A single large grinding stone was also found on site
(see also Figure 10 (bottom)). An estimated 5000+ tons of
rock was removed from the mine during the Bronze Age,
producing as little as 2-4 tons (Timberlake 2009a) though
more likely perhaps 7+ tons of Cu metal from the smelting
of oxidized (i.e. secondary) copper ores (2009b). Still, the
expenditure in effort required would have been enormous,
using as many stone tools (estimated as 5000+) intermittent-
ly over a 400-500 year period to mine and process the ore.
Given the incomplete nature of the excavation of the other
Welsh Bronze Age mines, it would be inappropriate here to
try and compare this with the number of tools used, the scale
of production and the duration of mining at these other sites.
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Fig. 1. View of Copa Hill, Cwmystwyth looking east. The Comet Lode
(Bronze Age) opencast and mine tip are located at the head of the verti-
cal hush gullies within the photograph (S.Timberlake).

Obr. 1. Pohled ze zapadu na kopec Copa, Cwmystwyth. Vysypky povr-
chového dolu Comet Lode (z doby bronzové) jsou ve fotografii situova-
ny v Cele svislych splachovacich zlabii (S. Timberlake).

Fig. 2. Comet Lode Opencast. Some 5000 metric tonnes of rock was
removed from this during the mining of the quartz veins during the
Early Bronze Age (S.Timberlake).

Obr. 2. Comet Lode, ze kterého bylo odstranéno ca 5000 tun horniny pfi
tézbeé kifemennych zil ve starsi dobé bronzové (S. Timberlake).

Fig. 3. A short fireset mine gallery driven into the shale walls of the
opencast using stone tools. The marks of the use of these tools are im-
peccably preserved in the rock roof (P. Craddock).

Obr. 3. Kratka $tola (dobyvani metodou sazeni ohn¢) vyrazena do bridlico-
vych stén povrchové dolu za pouziti kamennych néstroji. Stopy pouzivani
téchto nastrojui jsou dokonale zachované ve skalni stfese (P. Craddock).
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Fig. 4. A deep excavation (stepped) section cut through the infilling sedi-
ments inside of the main opencast working on Copa Hill. These post-aban-
donment peat and silt layers range in date from the later Early Bronze Age
up to to the Medieval period (S. Timberlake).

Obr. 4. Hluboky usek (stupniovitého) vykopu profizeny pies vypliiové se-
dimenty uvnitf hlavniho povrchového dolu na kopci Copa. Tyto vrstvy
raseliny a bahna vzniklé po opusténi dolu se datuji do mladsiho obdobi
star$i doby bronzové az sttedovéku (S. Timberlake).

Fig. 5. An pick/hammer found in situ. within the main entrance cutting
to the Comet Lode opencast. Made of red deer antler, this tool had been
used as a pick until worn, then turned around as a hammer upon the crown
(S. Timberlake)

Obr. 5. Spi¢ak/mlat nalezeno in situ v zafezu hlavniho vchodu do povr-
chového dolu Comet Lode. Je vyrobeno z jeleniho parohu a bylo pouziva-

no jako $pic¢ak az do jeho opotiebeni, pak otoceno a pouzivano jako mlat

(S. Timberlake).

Fig. 6a. A rope made of twisted hazel (Corylus sp.) from the Early
Bronze Age workings. This may have been used for lifting or for tying
up a basket (S. Timberlake).

Obr. 6a. Lano z kroucené lisky (Corylus sp.) z dolti ze star$i doby bron-
zové, které mohlo byt pouzito ke zvedavani nebo pfivazovani kose
(S. Timberlake).

Fig. 6b. The burnt remains of a ‘kreel-type’ basket made of hazel rods,
used perhaps for collecting ore or stone (S. Timberlake).

Obr. 6b. Spalené zbytky kose prouténého typu vyrobeného z liskovych
prutdi, mozna pouzivaného ke sbirani rudy nebo kamenti (S. Timberlake).

Fig. 7a+b. A Sm+ long split log launder made for carrying water. This was
found in situ. supported on wood and stone blocks within the entrance
cutting to the Bronze Age opencast. The alder log had been hollowed-out
when still green using flat metal axes and wooden wedges (S. Timberlake).
Obr. 7a+b. Vice nez 5 m dlouha $tipana klada jako koryto pro odvadéni
vody. Bylo nalezeno in situ v zafezu hlavniho vchodu do povrchového
dolu z doby bronzové, podepiené dfevénymi a kamennymi bloky. Ol-
Sova klada byla vydlabana v zeleném stavu za pouziti plochych kovo-
vych seker a dievénych klint (S. Timberlake).
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Fig. 8. Drawn examples of stone hammers and crude picks/chisels found
in the Comet Lode Opencast. Rarely these are notched or even partially
grooved in the middle to assist with hafting, but most were probably hand-
held or else hafted without modification (B. Craddock).

Obr. 8. Kreslené ptiklady kamennych mlatii a hrubych §picakt nalezenych
v povrchovém dolu Comet Lode. Ztidka jsou uprostfed vroubkované nebo
dokonce Castecné ryhované, aby se 1épe nasadila rukojet, ale vétSina byla
pravdépodobné ru¢ni nebo rukojet’ byla nasazena bez Gipravy (B. Craddock).

The primary ores at Cwmystwyth consisted of lead-cop-
per sulphides (galena and chalcopyrite with sphalerite)
within a stockwork of quartz-ankerite veins that reached
the surface on the outcrop of the Comet Lode, near the sum-
mit of the hill. The relatively small extractable pockets of
oxidised chalcopyrite (containing up to 30 % copper) may
have consisted of less than 1-2 % of the total rock extract-
ed, which when coupled with a minimum recovery rate of
30-40 % after hand-picking, crushing, washing and sorting
, followed by smelting, meant that the actual yield of metal
from here would have been seen as uneconomic in histor-
ical terms; nevertheless this would have been considered
useful at a time when locally-sourced metal was rare, and
still valuable in minor amounts. An example of the type of
fragment of rich easily-smeltable oxidised ore which was
being sifted and collected from amongst all this crushed
veinstuff is shown in Figure 12 (Timberlake et Marshall
2013, 79-80). This particular piece was collected from the
fine crushed fraction within the ancient tips, and is a very
rare survival. The small-scale but nevertheless thoroughly
executed nature of this extraction is perhaps the very reason
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Fig. 9. Smaller cobbles or the broken ends of larger hammers used/ re-
used as crushing tools (B. Craddock).

Obr. 9. Mensi kameny nebo zlomené konce vétsich mlatti opakované po-
uzivané jako drtici nastroje (B. Craddock).

why this area of ancient mine workings survived the effects
of the later and more intensive mining which concentrat-
ed on the ore that was left. The site now looks complete-
ly sterile of copper, but appearances belie the evidence of
the chemical analyses which has proved beyond doubt the
ubiquity of this copper, much of which is now invisibly
fixed within the extensive iron pan and crushed mining sed-
iment layers now buried within the tips and infilling the
ancient working (Jenkins et Timberlake 1997).

In Bronze Age terms, when we compare Copa Hill and
some of the other West Wales Early Bronze Age mines or
trials to the Great Orme these ventures seem small, with-
out the rich or even moderate amounts of ore and metal
typical of the latter. Be that as it may, these types of mine-
working do appear to be the norm rather than the exception
during this earliest 400-500 year period of exploitation
(from ¢ 2000 to 1600 BC); that is, prior to the ‘bonanza’
discovery within the Pyllau Valley deposits on the Great
Orme, and the resulting increase in British copper produc-
tion during the earlier part of the Middle Bronze Age (Wil-
liams 2019). Thus this earlier period would appear instead
to be the phase of widespread prospection and just small-
scale mining; a phenomenon which implies the use of very
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Fig. 10. Flattish cobbles or split hammerstones used/ re-used as anvil
stones for crushing the ore. Alongside this is a ‘stone lid’ and a very large
grinding stone found outside of, but associated with the Bronze Age mine
(B. Craddock).

Obr. 10. Zplostélé kameny nebo rozstipané kamenné mlaty opakované
pouzivané jako podlozka pro drceni rudy. Vedle toho je ,.kamenné viko*
a velky brusny kdmen nalezeny mimo dal z doby bronzové, ale spojené
s nim (B. Craddock).

diverse sources of ore, and in many cases just mixtures of
well-travelled, amalgamated and in some cases re-melted
metal. This could be the very reason why it has been so dif-
ficult to see the metal from these mines within the lead iso-
topic signature of analysed Early Bronze Age metalwork;
at least for the period post - the abandonment of the Ross
Island Mine (i.e. the Irish Chalcolithic - Early Bronze Age
period of arsenical copper production (O’Brien 2004)), and
following that, the end of the re-circulation of this metal
around 1900 BC (Bray et Pollard 2012). This therefore
represents the period before the earliest appearance on the
scene of the recognisable MBA (Acton Park) metal type
which can be directly provenanced to the Great Orme ores
during the period 1600-1400 BC (Williams ibid.).

It seems likely to us now that these early upland mine
sites in West Wales were re-visited periodically or season-
ally (perhaps even on a regular basis) by small groups of
miners intent upon extracting minor amounts of the most
easily-smeltable ores to pass onto incoming metalwork-
ers, the best means perhaps for these predominantly sub-
sistence-based pastoralist and nomadic peoples to enter

Fig. 11. A reconstruction of the use of the wooden launders within the
entrance to the Bronze Age mine. It is thought these were used to carry
away water issuing from a spring in the rock wall, as well as for washing
and gravity-separation of the ore (B. Craddock).

Obr. 11. Rekonstrukce pouzivani dievénych koryt ve vstupu do dolu z do-
by bronzové. Domnivame se, ze byly pouzivany k odvadéni vody vyté-
kajici z pramene ve skalni sténé i pro prani a gravitacni separaci rudy
(B. Craddock).

Fig. 12. A microscope thin-section view (in ppl) of a potential copper ore
recovered from the Bronze Age mine tip. Here radiating malachite enclos-
es cuprite and native copper in small amounts. Field of view 1.5-2mm
(photo courtesy Alan Williams).

Obr. 12. Mikroskopicky snimek vybrusu (v PPL) potencialni médéné ru-
dy ziskané z dulni vysypky z doby bronzové. Paprskovity malachit zde
obklopuje v malych mnozstvich kuprit a ryzi méd’. Zorné pole 1,5-2 mm
(foto se souhlasem Alana Williamse).
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into a far more extensive Bronze Age exchange economy
(Timberlake 2001; see also Shennan (1999 ) for models of
Bronze Age mining in the Alps). There is certainly no ev-
idence from these sites that smelting took place at or any-
where near to the mines. This is the situation that we find
at Cwmystwyth, a landscape investigated quite thoroughly
through archaeological intervention and geophysics. We
can only presume therefore that there was probably no
permanent mining settlement or workshop here, and that
instead the small amount of processed ore concentrate was
carried away at the end of each mining season and given to
metalworkers who would smelt it, perhaps in exchange for
finished metal products.

The prehistoric mines of Plynlimon

Our archaeological survey team have now identified and
confirmed through the radiocarbon dating of mining depos-
its or tools recovered from these workings a total of eleven
Early Bronze Age copper prospection sites and/or small to
medium-sized mines within the upland mining district of
Plynlimon in West- Central Wales (Tab. 1). There are an-
other 3—4 possible sites which haven’t yet been investigat-
ed, or for which no dating evidence has been found. These
archaeological investigations range from test-pits to trench-
es to small open-area excavations cut through the ancient
buried tips, across infilled openworks on the veins, and ar-
eas adjacent to these where other features might have been
expected to survive. The primary record for most of this
work year by year has been published within the journal
Archaeology in Wales, and subsequently within more ma-
jor discussion and review papers within conference papers
and books. Fig. 18 (bottom) shows the distribution of these
sites across the uplands of Plynlimon within the Cambri-
an Mountains. Although widely scattered, some degree of
nucleation can be seen here which suggests that these sites
exist within prospection areas or zones defined by such fea-
tures as the Dovey Estuary, the lowland-upland margin on
the east site of Borth Bog (Cors Fochno) and the east-west
river valleys of the Rheidol, Nant Silo and the Ystwyth.
Almost all of these sites are associated with small local-
ised occurrences of copper mineralisation present within
silver-lead-zinc mineral veins, although most of the main
producers of copper during the late historic period are not
the mines where we find evidence for prehistoric mining.
This would seem to suggest that these deposits remained
un-discovered; perhaps because there were no surface out-
crops with copper minerals, or perhaps because the areas
were covered with forest and were not areas intentionally
cleared for grazing.

It is believed that these five prospection areas may have
been found through clearance. Small-scale burning and
de-afforestation, which we have some evidence for within
the pollen record (Mighall et Chambers 1993; Timberlake
2003), may well have been responsible for an increased
level of erosion in these areas. This in turn may have ex-
posed the tops of the mineral veins intersecting these rocky
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plateaus and steep-sided river valleys. The strongly dis-
coloured quartz and iron carbonate veins so characteristic
of'this ore field, alongside mineral springs, gossan outcrops,
copper staining and vegetation changes were all indicators
that would have been noted and subsequently investigated
by pastoralists visiting and staying in the area with their
animals during the summer months, using the most basic
tools available to them; local river pebbles and fire. The
high incidence of sites along the coast, lowland bog margin
and the estuary of the Dovey may have a similar origin, but
equally this may be linked to a maritime influence and to
incomers with metalworking interests.

Nantyreira Mine

In 2014-2015 the Early Mines Research re-investigated
the mine of Nantyeira (Snowbrook) within the Hafren For-
est on the east side of Plynlimon. Located at an altitude of
¢ 500m AQOD, this is one of the most isolated mines in mid-
Wales (Fig. 13). We first looked at this site in 1988, as it
was a strong contender for early mining, with finds of both
antler and stone tools at the time of its re-discovery and
re-working in 1859. In 2014 we excavated a further elev-
en test pits, most of which encountered fireset mine spoil
containing stone tool fragments (Timberlake et Haylock
ibid.). The plan of this mine shows the prehistoric opencast
which extended for more than 100m along the outcrop of
the vein, confirming that this was a much larger Bronze
Age mine than previously anticipated. Its location is in-
teresting, given that the mine is situated on the spot where
a strong mineral vein has been cut by the gorge of a moun-
tain stream feeding the River Severn; the site lies a short
distance below the source of this major British river and
on the margins of an Early Bronze Age burial landscape.
The stone tool procurement strategy employed at this mine
is interesting, reflecting the utilitarian and ad hoc usage
of what was available to hand, given the mountain barrier
separating this particular group of mines from the coast at
Cardigan Bay. At most of the Early Bronze Age mines to
the west of Plynlimon upon the opposing watershed we
find evidence for the preferential use of beach cobbles as
mining tools (mauls/ hammerstones); considerable num-
bers of these quite carefully-selected stones (by size, shape
and weight) having been brought inland by the miners with
their animals along the valley routes from the coast each
mining campaign, resulting in the deposition and re-use of
considerable numbers of these non-local stones upon the
waste tips of the mines (at Cwmystwyth more than 70 % of
the thousands of cobbles identified could be provenanced
to this source (Timberlake 2003, 87)). By contrast, the as-
semblage recovered from the more isolated, but probably
equally-important mine at Nantyreira consists largely of
locally-sourced river cobbles, with a much smaller num-
ber of less-rounded glacial erratic stones, and just a few
hammerstones quarried and crudely-fashioned from the
bedrock (Fig.14). This particular example was composed
of quartz-veined quartzitic greywacke, and was fabricated
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Tab. 1. Bronze Age mines in Central Wales investigated by the EMRG (S. Timberlake).
Tab. 1. Doly z doby bronzové ve stfednim Walesu zkoumané skupinou East Midlands Regional Group (S. Timberlake).

mine location finds/C14 date discovery/excavation references datg range
(2 sigma)
Balkan Hill Aberdovey, - mined 1823 Bowen & Gresham 1963; Bronze Age?
Merioneth Pickin 1990
Panteidal Aberdovey, mauls, 30 cm opencast,  discovered 1899; Mining Journal 1899; 1929-1753 cal BC
Merioneth water races surveyed/ trenched Timberlake 2008 (AW36) [Beta-536847]
1996: no finds, but and 2020 (AW59, 117-119)
sample dates 2019 and
site re-surveyed in 2020
Park Longe Machynlleth, mauls, opencast, tip, discovered 1856; trench  RCAHM(W) 1911; Timberlake  1890-1630 cal BC
(Ogof Wyddon) Powys charcoal (C14) excavation & Mason 1997 (AW37, 62-65);  [BM-3146]
1998 (AW338, 80)
Llancynfelin Trer-ddol, 3 sites: Site A (Borth mined 1800s; trenched ~ Bick 1976; Timberlake 1745-1645 cal BC
Ceredigion Bog) 44 mauls, mortar, 1992, peat core 2003 1992 (AW32, 90-91); [BM-2916]
C14 charcoal 1995 (AW35, 42-43)
Pwll Roman Tre-Taliesin, west edge of Borth Bog: mined 1852; surveyed  Timberlake 2004 Bronze Age?
Ceredigion mauls 2004 (AW44, 142-143)
Erglodd Talybont, NW edge Borth Bog: mined 1800s; surveyed/ Mining Journal 1869; Hughes 2340-2130 cal BC
Ceredigion mauls, charcoal (C14) trenched 2005 1981; Timberlake 2006 [BM-214364]
(AW46, 82-85)
Twlly mwyn  Penrhyncoch, > 50m long opencast, discovered 1744; sur- Lewis Morris (1744) in Bick &  1940-1700 cal BC
(Cwm Darren)  Ceredigion mauls, charcoal (C14) veyed/ trenched 2005 Davies 1994; Timberlake 2006 ~ [Beta-214943]
(AW46, 79-82)
Nantyrarian Goginan, opencast, tip and mauls,  discovered 1866; sur- Cambrian A rch. A ss. 1866; 1885-1735 cal BC
Ceredigion charcoal (C14) veyed/ trenched 1992 Williams 1866; Timberlake [BM-2930]
1992 (AW32,91);
1995 (AW35, 43-44)
Tyn y fron Cwmrheidol, opencast, tip (track discoverd 1744, mined ~ Smyth 1848; Bick & Davies 2135-1885 cal BC
Ceredigion section), mauls, 1900s; surveyed/ tren-  1994; Timberlake 1996b [Beta-120592]
charcoal (C14) ched 1996 (AW36, 61-63)
Nantyreira Plynlimon, opencast>50m, mauls,  discovered 1859; dug Jones 1922; Davies 1937, 1856-1610 cal BC
(Snowbrook) Hafren Forest,  mortar, charcoal (C14) 1937, trenched 1988; Timberlake 1988 (AW28, [BM-2583]+
Powys re-surveyed and test- 14-17); 1989 (AW29, 41-42) 1900-1745 cal BC
pitted in 2014 and 2018 (AW 57-58, 173-178)  [Beta- 434950]
Nantyricket Plynlimon, opencast, tip, mauls discovered 1800s Jones 1922; Davies 1937; 4707-4551 cal BC
River Severn, Timberlake 1990; 2018 [SUERC-59891];
Hafren, Powys (AW 57-58, 178-181) Neolithic/ EBA?
Grogwynion Pontrhydygroes, maul 1987 survey Thorburn 1990 Bronze Age casual
Ceredigion prospection?
Copa Hill, E.  Cwmystwyth, opencast 10m+ deep discovered 1813; Smyth 1848; Jones 1922; x 25 C14 dates:
Cwmystwyth  Ceredigion and tips; mauls, antler tips trenched 1930s Davies 1947; Timberlake 1987  approx. range
(Comet Lode tools, wooden launder, and 1986, excavated (AW27, 18-20) 2003; 1990; 2100-1600BC
Opencast) withies; wood, charcoal ~ 1989-1999 2003 BA R348); 2004 (AW44,
(C14) 139-141)
Penparc, W. Cwmystwyth, series of shallow infilled first notices in 2015; Timberlake, S. & James, D. 1881-1696 cal BC
Cwmystwyth  Ceredigion opencuts on narrow vein trenched + excavated 2017 (AW 57-58, 91-100 [SUERC-77026]
(Penparc outcrop; stone mauls + in 2017 1928-1769 cal BC
(Comet) Lode flakes, charcoal [SUERC-77027]
opencuts)
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Fig. 13. Bronze Age and later opencast workings at Nantyreira (Snow-
brook) Mine on Plynlimon. The small river Eira descends through a chasm
(S. Timberlake).

Obr. 13. Povrchova dilni dila z doby bronzové a pozdgji u Nantyreira
(Snowbrook Mine) na hofe Plynlimon. Ricka Eira sestupuje propasti (S. Tim-
berlake).

from the local Ordovician (Van Formation) outcrop. It
seems in this case that the bedrock being removed using
the same stone, but following the very intense firing of
the rock during the firesetting/ mining process. Quarry-
ing for stone tool material is very unusual at the Welsh
metal mines, yet it does resonate with the more ubiquitous
evidence for the quarrying and fabrication of such tools
reported on by Alex Maas in the Harz Mountains of Cen-
tral Germany and at Cabrieres in SW France, and again by
Angela Celauro, Maas and Preto Gomes at Tras-os-Montes
in Portugal (SEE this conference proceedings).

Nantyricket and other potential sites of the pre-metalwork-
ing period

Between 2014 and 2016 we also investigated the near-
by site of Nantyricket. In contrast to the large workings at
Nantyreira, little appears to have survived here apart from
a denuded and partly washed-away small mound of un-min-
eralised spoil and a shallow infilled opencut upon the bank
of the River Severn. This was associated with a small
handful of stone tools, including one primitively-fabricat-
ed stone hammer made from quarried rock. A single radi-
ocarbon date of 4707 to 4551 cal BC (5783+/-29 yrs BP)
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Fig. 14. A crude stone hammer found within the Nantyreira excavations
(2014). This tool has been manufactured from the quartzitic sandstone
outcrop worked during the Bronze Age (drawing B. Craddock).

Obr. 14. Hruby kamenny mlat nalezeny ve vykopavkach u Nantyreira
(2014), vyrobeno z kiemencového piskovce opracovaného v dob¢ bronzové
(kresha B. Craddock).

was recovered from charcoal extracted from the base of this
eroded tip, a date which may or may not indicate this to
be a prehistoric prospection site (Timberlake 2018a, 180).
It is debateable here whether we are looking at the traces
of some quite un-related Early Neolithic activity preserved
within the (top) of the buried soil, or actual evidence for
pre-metalworking age prospection; for example for miner-
als used as pigments or abrasives or for the collection of
quartz crystal? There may in fact be a couple of other pos-
sible parallels; one in the form of a Mesolithic radiocarbon
date recovered from the base of the earliest mining layers
on Copa Hill (Timberlake 2003, 55 + 115), and the other the
discovery of Mesolithic-Neolithic worked flint within the
basal mineralised worked ground at the Bronze Age mine
of Engine \Vein, Alderley Edge, in Cheshire (Timberlake
et Prag 2005). Unfortunately such atypical results as these
cannot actually prove or disprove the pigment extraction
theory, since in either case the material might be intrusive.

Penparc Bronze Age Mine, Cwmystwyth

Returning to Cwmystwyth, the prehistoric miners appear
to have followed the course of the copper-bearing Com-
et Lode eastwards, beyond where it is downfaulted by the
Ystwyth Fault. The chalcopyrite at outcrop here appears to



Acta rerum naturalium, 28: 49-72, 2023

ISSN: 2336-7113 (Online), ISSN 1801-5972 (Pr

int)

have been altered to an iron gossan, beneath which may
once have survived both oxidised and other supergene cop-
per minerals. With this understanding the group discovered
another prehistoric mine nearby in 2017 at Penparc (West
Cwmystwyth), a short distance above the valley road, but
almost a mile to the west of Copa Hill (Timberlake et James
2018). This smaller mine dates to a similar period, but
a slightly shorter time range (i.e. the radiocarbon dates sug-
gest a period of between 1928-1696 BC). The site, though
more than 1.5 kilometres distant is intervisible with the
Comet Lode Opencast on Copa Hill — which can be seen
here on the skyline (Fig. 15). Stone mining tools recovered
from the Penparc mine excavations include pounders, ore
crushers, anvils and flake debitage. This example of ham-
merstone debitage (flake/splinters) was all collected from
1 cubic metre of mine spoil excavated from Trench 1 (Fig.
16). These are quite typical finds from these sites, but they
often go un-noticed, and are rarely recorded.

Panteidal Mine, Dovey Estuary

In 2020 we re-examined another site located on the
hillside high above the north shore of the estuary of the
River Dovey at Panteidal, Merioneth (Gwynedd). A date
was obtained from a sample of charcoal excavated during
a previous investigation of the site in 1996. This was found
trapped within mine sediment under the rock preserved
on the buried sides of this large openwork pit, confirming
that it had been dug, or was still open sometime during the
period 3520 +/- 30 BP (1929-1735 cal BC). Many stone

Fig. 15. A view of the Penparc (Comet Lode West) Bronze Age mine/
trial at Cwmystwyth (2016). In the distance, and intervisible with it, lies
Copa Hill and the main working on the Comet Lode (S. Timberlake).
Obr. 15. Pohled na dil / prizkumné misto Penparc (Comet Lode
West) z doby bronzové u Cwmystwyth (2016). V délce je vidét kopec
Copa a hlavni dilni dilo na Comet Lode (S. Timberlake).

Fig. 16. An example of the small flake/splinter debitage resulting from the use of cobble stone mining tools at
Penparc. Some of these fragments were recovered from the finer fraction of mine spoil (drawn by B. Craddock).
Obr. 16. Priklad malych Supinek/alomka vzniklych pouzivanim kamennych dilnich nastroji v Penparc. Nékteré
z téchto ulomki byly ziskany z jemngé;jsi frakce dilni hlusiny (kresba B. Craddock).
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tools were found at this site during the 19t century AD,
suggesting that it was once an important Early Bronze Age
copper mine (Timberlake et al. 2020). Fig. 17 (LH) shows
a section of the 6 inch Ordnance Survey map of 1888 which
indicates the position of the opencast, against a modern Li-
DAR image of the same (Fig. 17 (RH)). The latter suggests
the former presence of a much more extensive trench upon
the eastern side of this ancient work (J.Pickin pers com).
This site remains to be fully investigated.

OTHER BRITISH BRONZE AGE MINES

These Central Wales mines really need to be seen in con-
text within the much wider distribution of Early Bronze
Age mines linked to this early phase of prospection for
copper (and other metals such as tin and gold) which took
place across England and Wales during the first half of the
2nd millennium BC (Fig. 18 (TOP)).

These include the larger mines of Parys Mountain (Myny-
dd Parys) on Anglesey (Figure 19 ), parts of which have been
excavated by the EMRG and by David Jenkins (Jenkins et al.
2021) to reveal surface openworks and the surviving traces
of ancient underground workings (Figure 20); the latter in
the form of the bases of inclined opencasts dug through the
gossan and partially-oxidised zone of this sulphide deposit to
extract the supergene sulphides, and in places perhaps native
copper. Meanwhile, a short distance to the south-east along
the North Wales coastline lie the various Bronze Age work-
ings dug into the limestone headland of the Great Ormes
Head at Llandudno (Fig. 21), the latter mines worked ini-
tially in a much smaller capacity from ¢ 1800 BC extracting
mixtures of copper carbonate and oxidised ores prior to the
‘bonanza’ strikes of the Middle Bronze Age.

Within Central England the three to four mines at Al-
derley Edge and Mottram St Andrew exploited the mala-
chite-impregnated Triassic sandstone and mudstones by
means of pit workings and trenches (Figures 22, 23) (Tim-
berlake et Prag 2005). Grooved hammerstones (Fig. 24)
made from far-travelled Lake District glacial erratic cob-
bles were used as hafted mining tools (Timberlake 2005),
alongside wooden shovels (Fig. 25) - one of which survives
to this day within the collections of the Manchester Mu-
seum (Prag, Garner et Housley 1991). Further east on the
western side of the Peak District are to be found the mines
of Ecton in Staffordshire, the early sites being located on
the top of the limestone scarp overlooking the Manifold
Valley. On the summit of this hill Bronze Age miners were
extracting copper-zinc carbonates from the shallow Ecton
Pipe, Stone Quarry (Dutchman) and Lumb workings (Fig.
26) using rudimentary hammerstones made from cobbles
gathered in the river valley below and picks (or pick-ends)
made from red deer antler (Timberlake 2014).

No mines of this period have so far been identified in
Scotland, or within areas known to have had rich copper
deposits such as Cornwall, Cumbria and Central Snowdo-
nia.However, a couple of as yet undated mines associated
with stone tools have been located on the Isle of Man at
Bradda Head (Pickin et Worthington 1989) (Fig. 27) and
Langness (Doonan et Ely 2000). Recent evidence has al-
so emerged from Cornwall concerning alluvial tin and
possibly gold extraction in the Carnon Valley during the
Early-Middle Bronze Age (see Fig. 28: the Carnon antler
pick), but there aren’t as yet specifically-dated locations for
this tinning work (Timberlake et Hartgroves 2018; Borg et
Pernicka 2017; Jones et al. 2017). This subject is currently
being investigated by Alan Williams and his ‘Project Tin’
study based at the University of Durham, UK.

Fig. 17. The Panteidal Mine and ancient opencast (pit), as shown on the Ist Edition OS Map (LH), compared with a LIDAR image of the same showing
the pit and other possibly ancient workings on a vein (RH) (reproduced courtesy of John Pickin).

Obr. 17. Dul Panteidal a starobyly povrchovy dl (jama), jak je znazornéno na 1. vydani mapy OS (LH), ve srovnani se snimkem LiDAR stejného mista
ukazujicim jamu a dal$i mozna starobyla dulni dila na n&jaké zile (RH) (reprodukce se souhlasem Johna Pickina).
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Fig. 18. Map of Britain and Ireland showing the overall westerly distribu-
tion of Bronze Age mines. At the bottom is a detailed view of by far the
greatest concentration of mines and trials located within the Plynlimon
area of West-Central Wales (B. Craddock & S. Timberlake).

Obr. 18. Mapa Britanie a Irska ukazujici celkovou rozsiteni doli z do-
by bronzové. Dole je detailni pohled na zdaleka nejvétsi koncentraci do-
It a prizkumnych mist v oblasti Plynlimon ve stifedozapadnim Walesu
(B. Craddock & S. Timberlake) .

Fig. 19. A panoramic view of the mega-mining landscape of Parys Moun-
tain, NE Anglesey. The only surviving surface Bronze Age workings were
found in 1988, just to the left of the summit windmill (S. Timberlake).
Obr. 19. Panoramaticky pohled na mega-tézebni krajinu Parys Moun-
tain, SV Anglesey. Jediné dochované povrchové doly z doby bronzové
byly nalezeny v roce 1988, hned nalevo od vrcholového vétrného mlyna
(S. Timberlake).

Fig. 20. A suggested model of Bronze Age exploitation on Parys Mountain,
showing the driving of inclined opencast drifts to depths of 10-20m into
the partially oxidised zone of the ore deposit (S. Timberlake & D. Jenkins).
Obr. 20. Navrzeny model t€zby v dobé bronzové na hote Parys Mountain,
znazornujici razeni Sikmych povrchovych §tol do hloubek 10-20 m do
Castecné oxidované zony rudného loziska (S. Timberlake & D. Jenkins).

Fig. 21. The Pyllau Bronze Age Opencast, Great Orme’s Head, Llandudno.
Now open to the public for underground visits, this was the largest prehistoric
copper mine in Britain; one which reached its maximum production during the
Acton Park period of the Middle Bronze Age (1600-1400 BC) (S. Timberlake).
Obr. 21. Pyllau, Great Orme’s Head, Llandudno, povrchovy dil z doby bron-
zové, nyni otevieny vefejnosti pro navstévy podzemi. Byl to nejvétsi prehisto-
ricky médény dil v Britanii, ktery dosahl své maximalni produkce ve stfedni
dob¢ bronzové (obdobi Acton Park, 1600-1400 pt. Kr.) (S. Timberlake).
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Fig. 22. Engine Vein, Alderley Edge, Cheshire. A view of the Roman -
Postmedieval trench mine with traces of bisected Bronze Age pit work-
ings exposed upon its northern side (S. Timberlake).

Obr. 22. Engine Vein, Alderley Edge, Cheshire. Pohled na fimsko-post-
-sttedoveky piikopovy dil se stopami pulenych jam z doby bronzové,
odkryty na jeho severni strané (S. Timberlake).

Fig. 23. The excavation of an undisturbed Early Bronze Age pit work-
ing (EVB1) on the south side of Engine Vein in 1997 (S. Timberlake and
AELP Manchester Museum).

Obr 23. Vykopavani neporusené jamy ze star$i doby bronzové (EVB1) na
jizni stran¢ Engine Vein v roce 1997 (S. Timberlake a AELP Manchester-
ské muzeum).
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Fig. 24. A fairly typical Alderley Edge-type grooved stone mining ham-
mer recovered from Pot Shaft, Engine Vein in 1997. This modified glacial
erratic cobble is made of Ennerdale Granophyre from the Lake District of
NW England (AELP & The Manchester Museum).

Obr. 24. Typické ryhovani kamenného mlatu typu Alderley Edge ziskané
z Pot Shaft, Engine Vein, v roce 1997. Tento upraveny ledovcovy bludny
valoun je vyroben z ennerdalského granofyru z Lake District v SZ Anglie
(AELP & Manchesterské muzeum).

Fig. 25. The Alderley Edge Shovel; a Bronze Age mining shovel made of
oak found in 1878 at Brynlow, Alderley Edge during diggings monitored by
Willam Boyd-Dawkins. This artefact survives in remarkably good condi-
tion within the collections of The Manchester Museum. The shovel is 59 cm
long; the blade of which is 33 ¢cm (permission courtesy of The Manchester
Museum).

Obr. 25. Dulni lopata Alderley Edge z doby bronzové vyrobena z dubu,
nalezena v roce 1878 u Brynlow, Alderley Edge, pti vykopech, které vedl
William Boyd-Dawkins. Tento artefakt preziva ve sbirkach Manchester-
ského muzea v pozoruhodné dobrém stavu. Lopata je 59 cm dlouha, jeji
¢epel ma 33 cm (se souhlasem Manchesterského muzea).

THE BRONZE AGE MINES DATING PROJECT

Peter Marshall of Historic England has been able to
graphically show the Bayesian-modelled ranges of ra-
diocarbon dates for all of the excavated and dated UK
Bronze Age mines (Table 2). (Timberlake et Marshall
2013, 2014). These mines include Cwmystwyth, Parys
Mountain (Anglesey), the Great Orme, Alderley Edge and
Ecton (Staffordshire) alongside some of the smaller West
Wales sites. It can be seen from the various diagrams de-
picted here that the earliest mining probably took place
in West Wales, followed by Parys Mountain, the Great
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Fig. 26. A small partially-collapsed Early Bronze Age opencut working on
The Lumb, Ecton Hill, Staffordshire (2009). The miners were excavating
a copper-bearing dolomite horizon within the Carboniferous Limestone
(S. Timberlake).

Obr. 26. Maly ¢aste¢né zborceny povrchovy dul ze star$i doby bronzové
v lokalité The Lumb, Ecton Hill, Staffordshire (2009). Hornici zde vyko-
pavali médény dolomitovy horizont v karbonskych vapencich (S. Tim-
berlake).

Orme, then the English mines to the east (Timberlake et
Marshall 2014, 82—-83). This model is based simply on the
dates currently available; with more than 100 radiocarbon
determinations linked to these mining events we can now
suggest a probable shift in prospection and mining from
west to east. Might this reflect a movement of people with
metalworking knowledge and interests who initiated this
mining activity? It would not be unreasonable to suggest
perhaps that these people might also have come from SW
Ireland to the coast of West Wales looking for new sources
of ore following the abandonment of the Ross Island mine
in Co. Kerry with its associated Beaker-dated mining camp
(O’Brien 2004). The chronology of this makes sense, and
there may be a connection also with the enigmatic narra-
tive behind the discovery of the Banc Tynddol gold disc at
Cwmystwyth (Fig. 29). Found in 2002 this is one of only
two such discs from Wales, and one of the earliest Welsh
gold objects known.

Fig. 27. An exposed copper-bearing quartz vein at North Bradda
Head on the Isle of Man, UK. Stone mining tools were found
here in 1989, but no excavation has been carried out (D. Jenkins).
Obr. 27. Odkryta kiemenna zila s médi v severni ¢asti Bradda
Head na ostrovu Man, Spojené kralovstvi. V roce 1989 zde
byly nalezeny kamenné téZebni nastroje, ale Zzadné vykopavky
nebyly provedeny (D. Jenkins).

Fig. 28. A Bronze Age tin miner’s tool? A perforated red deer
antler pick found in 1790 during (alluvial) tinning operations
carried out on the Carnon River near Truro, Cornwall. The pick
is approx. 48 cm long (photo courtesy of The Truro Museum
(RIC) and Stephen Hartgroves).

Obr. 28. Nastroj pro tézbu cinu z doby bronzové? Perforova-
ny $picak z jeleniho parohu nalezeny v roce 1790 b&hem praci
na cin (v aluviich) provedenych pfi fece Carnon u obce Truro,
Cornwall. Spi¢ak je ca 48 cm dlouhy (foto se souhlasem Muzea
ohce Truro (RIC) a Stephena Hartgrovese).
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Tab. 2. Bayesian-modelled C4 calibrated start and end dates for early mining in England and Wales (P. Marshall, Historic England).
Tab. 2. Datace pocatku a konct t&zby v Anglii a Walesu, kalibrovana dataC!4 (P. Marshall).
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THE DISCOVERY OF THE BANC TYNDDOL GOLD
DISC

Fig. 29. The Banc Tynddol Gold Disc. A repouseé ornamented Bell-Beak-
er gold foil disc of c. 8cm diameter found within a suggested grave-cut
close to the prehistoric mine on Copa Hill, Cwmystwyth (courtesy of the
National Museum of Wales, Cardiff).

Obr. 29. Pozlaceny kotou¢ Banc Tynddol z kultury zvoncovych pohari
o praméru ca 8 cm, zdobeny tepanim, nalezeny v domnélém hrobovém
zatezu pobliz prehistorického dolu na kopci Copa, Cwmystwyth (se sou-
hlasem Narodniho muzea Walesu, Cardiff).

This small gold decorative foil “sun disc’ has been deco-
rated with a series of concentric repouseé circles and rings
of dots in an ‘early’ style which is comparable to other ex-
amples of Bell-Beaker foil goldwork. In particular it shares
similarities with a number of the gold discs from the Chal-
colithic — Early Bronze Age of Atlantic France (Brittany)
and NW Spain, and closer to home some of the Irish exam-
ples (Fig. 30). It seems likely, therefore, that the link is with
Atlantic Europe and the west (Timberlake 2021).

The distribution of Copper Age/Early Bronze Age gold
objects in relation to mineral deposits in Britain and Ireland
was first commented upon by Taylor in 1994 (39-41). She
referred to a correlation between the finds of early flat gold
discs at Ballyvourney and at Ballydehob in Co.Cork and
the location of primitive copper mines, an observation made
prior to the discovery of the Banc Tynddol disc. Whilst it is
difficult to give much credence to this observation, given that
the majority of the dozen or so finds of gold discs from Brit-
ain do not relate to the distribution of ore deposits, it remains
possible that at least some of these early examples correlate
to some degree with a suggested ‘metal route’ following the
Beaker migration or influence emanating from Iberia in the
direction Atlantic France > Cornwall > Ireland and Wales
(Timberlake 2016, 130; Timberlake 2019, 101-103) during
the period 2500 to 2200 BC. We should note however, that
these gold foil objects and discs also form part of the gen-
eral Beaker cultural package which crosses the continent of

Fig. 30. Examples of similarly ornamented gold ‘sun discs’ found along
the Atlantic coastline of Europe: from Ireland, Ballyvourney (A), Brittany,
Moélan, Finistere (B), Belz, Erdeven, Morbihan (C), Oviedo, Spain (D)
(reproduced from Case 1977, Eluere 1982 & Savory 1968).

Obr. 30. Priklady podobné zdobenych zlatych ,,slune¢nich diski* nale-
zenych podél atlantického pobtezi Evropy: z Irska, Ballyvourney (A),
Bretan¢, Moélan, Finistere (B), Belz, Erdeven, Morbihan (C), Ovieda,
Spanglsko (D) (reprodukce z Case 1977, Eluére 1982 & Savory 1968).

Europe; with the appearance of similar, though certainly not
identical objects of this sort at Beaker sites in Moravia.

The metal composition of the Banc Tynddol disc re-
sembles many prehistoric objects made from alluvial gold
which could easily be British or Irish in origin (this Welsh
example contains 93.5 % gold, 6.5 % silver and less than
0.1 % copper — essentially a naturally high gold amalgam
alloy). So we may be looking at something that is local-
ly-made (but which could have come from Ireland) in
a style associated with incomers, and with a link to an At-
lantic metalwork tradition.

The Banc Tynddol disc was a chance find made during
the excavation of a medieval lead smelting bole on a small
plateau of glacial till located at the foot of the Comet Lode
in the valley directly below the Early Bronze Age mine in
2002. It appears to have been placed within the top half of
a disturbed grave cut, which due to the level of the subse-
quent disturbance and soil conditions was unconducive to
the survival of skeletal remains or other artefacts. There-
fore there are no independent dates for this, even though the
disc itself clearly survived, sealed beneath this later activi-
ty. So, we can only tentatively suggest that this was a mod-
erately high-status grave based upon the artefact itself, with
only the comparisons of decoration style suggesting that
the date for this likely falls within the period 2300-2100
BC (Timberlake 2016, 130a). The end of this date range
does in fact fall within the known period for the earliest
mining, or its start date, on the hillside above. This raises
the interesting possibility that these events are connected.
Could this be a grave of a visiting incomer involved in the
work, or one responsible for making links with the miners,
either in terms of procuring ore or providing information
and advice, or perhaps just trade? We cannot say whether
he or she was a metalworker, for we just don’t know; but
what we can say is that the deceased person was likely to
have been involved in some way, either with the supply end
or with the initiation of the mining or prospection for new
sources of ore at a time of growing demand. Archaeology
cannot prove or disprove any of this, but it can at least raise
the relevant questions that we should be asking.
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THE INVESTIGATION OF THE CWMYSTWYTH
ARCHAEOLOGICAL LANDSCAPE

When investigating prehistoric mining landscapes it is im-
portant to look at contemporary monuments nearby. In 2016
we excavated a part-destroyed and denuded kerb cairn circle
at Pant Morcell, located on a plateau at 386 m AOD on the
hillside facing the mine (Timberlake 2018b) The accompa-
nying photographs show the site under excavation (Figures
31, 32). Amongst the placed finds found here within some of
central pits shallowly dug into the underlying bedrock were
two re-fitting halves of a polished stone macehead (Fig. 33)
and a cup-marked grindstone.There was also considerable
evidence beneath the cairn for the in situ. quarrying of the
stone orthostats used in the construction of the monument
(Fig. 34). Also shown is an artist’s reconstruction of the Pant

Fig. 31. The Late Neolithic-Early Bronze Age kerb cairn circle on Pant
Morcell, opposite the prehistoric mine on Copa Hill (S. Timberlake).
Obr. 31. Kruh obrubnikovych mohyl z pozdniho neolitu a star§i doby
bronzové na lokalité Pant Morcell, naproti prehistorickému dolu na kopci
Copa (S. Timberlake).

Fig. 32. The kerb cairn circle under excavation in 2016. Note the fallen
orthostats (S. Timberlake).

Obr. 32. Vykopy v kruhu obrubnikovych mohyl v roce 2016. VSimnéte si
spadlych ortostatt (S. Timberlake).
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Fig. 33. Two broken halves of a polished stone macehead found on the
edges of the central pit/ stone setting within the cairn. The dimensions of
the macehead are 9 x 7 x 4 cm wit a 2—4cm diameter hour-glass perfora-
tion. (S.Timberlake).

Obr. 33. Dvé zlomené pilky lesténé kamenné palice nalezené na okrajich
centralni jamy/kamenného zasazeni v mohyle. Palice ma velikost 9 x 7
x 4 cm a perforaci s otvory ve formé¢ sypacich hodin o priméru 2-4 cm.
(S. Timberlake).

Fig. 34. The negative relief of a removed stone block (orthostat) quarried
from the outcrop beneath the cairn (S. Timberlake).
Fig. 34. The negative relief of a removed stone block (orthostat) quarried
from the outcrop beneath the cairn (S. Timberlake).

Morcell cairn circle as it probably was sometime during the
period 2100-2000 BC (Fig. 35). The latter date is an esti-
mate, as while we have dates for the subsequent deposits
and the later disturbance (including the hushing activities
carried out by medieval or post-medieval lead miners), we
don’t have any radiocarbon dates from the original placed
deposits, just the finds themselves. There exists no actual
evidence to show that the cairn and the mine were contem-
porary in date, but this remains a possibility.

IRON AGE COPPER MINING IN WALES

Over the 30+year period of the EMRG’s existence, it
would be fair to say that we have concentrated on the search
for, and the investigation of Bronze Age mines. This we
have tried to remedy more recently given the apparent ab-
sence in the archaeological record for the evidence of Iron
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Fig. 35. A reconstruction of the stone circle at Pant Morcell. This assumes
the placing of some central stones (B. Craddock).

Obr. 35. Rekonstrukce kamenného kruhu u Pant Morcell. Pfedpoklada se
zde umisténi nékterych centralnich kament (B. Craddock).

Age mining prior to the Roman conquest. This has not been
easy, given that a fair number of the dates coming out of
investigations into this period of mining and smelting in
Britain straddle the whole of the Late Iron Age - Conquest
(Early Roman) period. We see this for instance in the Men-
dips (Todd 1996), at Dolaucothi in South Wales (Burnham
1997), Llancynfelin in Ceredigion (Page et al. 2012) and at
Pot Shaft, Alderley Edge (Timberlake et Kidd 2005). Apart
from the last site was excavated by the author in conjunction
with the Derbyshire Caving Club, the only previous inves-
tigation of this kind carried out by the EMRG was at the
Darren Mine and hillfort near Penrhyncoch, Aberystwyth in
July 2005 (Timberlake et Driver 2005). At the latter site the
western entrance to this Middle Iron Age hillfort was exca-
vated following erosion damage to the earthworks, whilst at
the same time the make-up of some of these earthwork banks
and their relationship to an ancient opencut working mined
for lead and silver which glances the north-west side of the
monument was investigated by means of sections dug across
the hillfort ditch (Fig. 36), and through a series of ancient tip
lines. It could be clearly seen from the latter that the original
digging undertaken for the construction of the outer hillfort
ditch exposed and dug into the top of the lode, although in
this place it was not worked. It remains entirely possible
therefore that the mine was discovered and first worked dur-
ing the tenure of the hillfort occupation — but this couldn’t be
proved. All that we know from the dating of this early mine
is that it post-dates the Late Bronze Age ground surface and
pre-dates (by some time) the later phase of medieval mining
which overlies it. This ancient mine work could therefore be
Iron Age or Roman in date.

Fig. 36. A section cut through one of the rock-cut ditches of the Banc
y Darren Iron Age hillfort. Within the base of this the mineral vein was
discovered (S. Timberlake).

Obr. 36. Rez pres jeden ze skalnich prikopi hradisté Banc y Darren z doby
zelezné. V jeho zakladé byla objevena mineralni zila (S. Timberlake).

The Ogof Llanymynech

In September 2021 we investigated a very different sort
of site, a cave/mine working on Llanymynech Hill near the
village of Llanymynech, Oswestry in Powys. The latter lay
within the centre of a very large Iron Age hillfort located on
the border between England and Wales. Charcoal collected
from the workings underground sealed beneath calcite spe-
leothem provided a C14 date of 2120 +/- 26 BP (340-50 cal
BC), confirming that this mine was probably first worked for
copper ore (in the form of the carbonates malachite, azurite
and rosasite/ smithsonite) during the Mid — Late Iron Age
(Timberlake et al. 2021a). There was also some evidence
here for medieval (i.e. Saxon) re-working of the mine which
appears to be contemporary with the construction of Offa’s
Dyke — a large earthwork constructed by the Early Medieval
kingdom of Mercia as a defence or boundary to keep out
the Welsh along this stretch of the border. Fig. 37 shows the
entrance to the Llanymynech Ogof (in Welsh = cave) and
Fig. 38a the extent of the known investigated workings in
the limestone. The area re-surveyed by the EMRG and the
sample sites for charcoal are indicated. Our archaeological
survey shows the sampling location underground which is
referred to as LMO 21D. From this we obtained evidence
for Iron Age mining which seems to have taken place within
an existing cave passage (Fig. 38b). An un-mined karstic
cavity coated with the copper minerals malachite and azur-
ite was discovered nearby at the Llynclys Limestone Quarry
by the mineralogist Roy Starkey (Fig. 39). This is represent-
ative of the type of mineralisation encountered by the first
Iron Age miners of Llanymynech.
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Fig. 37. The excavation team of the EMRG within the entrance of the
Llanymynech Ogof copper mine in 2021 (S. Timberlake).

Obr. 37. Vykopovy tym Early Mines Research Group (EMRG) ve vstupu
do médéného dolu Llanymynech Ogof v roce 2021 (S. Timberlake).

Fig. 38b. A sub-karstic/ mined passage with speleothem (S.Timberlake).
Obr. 38b. Subkrasova/poddolovana chodba se speleotémou (S. Timber-
lake).

Fig. 38a. An annotated plan of the Entrance Series of the Llanymynech
Ogof cave/mine, showing the sampling points for dating and stalagmite
(P. Andrews & B. Craddock).

Obr. 38a. Komentovany plan vstupni série jeskyné/dolu Llanymynech
Ogof, zobrazujici mista odbéru vzorkt pro datovani a stalagmit (P. An-
drews & B. Craddock).

ROMAN LEAD MINING AND SMELTING IN WEST
WALES

Previous archaeological work carried out by us at Cw-
mystwyth in 2002-2004 had revealed several Roman and
Early Medieval wind-blown lead smelting hearths at a site
known as Banc Tynddol in the valley bottom (Timberlake
2002b). One of these appeared to be a Roman pit-bole
hearth (Fig. 40) which was re-lined and re-used on sev-
eral occasions. The plan of this site shows the location of
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Fig. 39. A cavity in the dolomite with copper minerals (malachite) at the
nearby Llynclys Quarry, nr Llanymynech. This may be an example of the
sort of ore sought and removed during the Iron Age (photo courtesy of
Roy Starkey, Russell Society).

Obr. 39. Dutina v dolomitu s mineraly médi (malachitem) v nedalekém
lomu llynclys u obce Llanymynech. Je to mozny ptiklad druhu rudy, ktery
se hledal a tézil v dobé Zelezné (foto se souhlasem Roye Starkeyho, Ru-
ssell Society).

the hearth and the tap channel formed by the overflow of
metal. This 8m long channel was burnt into the turf by the
passage of molten metal descending from the base of the
pit bole. Traces of this lead runnel was found to have sur-
vived in places. The last use of this hearth can be dated to
between 55 cal BC and 245 cal AD (Beta-181059 1920+/-
70 yrs BP).

At Cwmystwyth there is also some indirect evidence for
Roman - Early Medieval mining and smelting in the form
of radiocarbon-dated peat cores taken from the blanket peat
mires located above the mine (Mighall et al. 2002). These
show very distinct elevations in atmospheric pollution of
lead preserved within the peat which corresponds to these
particular time periods.
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Fig. 40. A plan of the site of the Early Medieval and Roman lead smelt-
ing hearths at Banc Tynddol, Copa Hill, Cwmystwyth (B. Craddock &
S. Timberlake).

Obr. 40. Plan mista rané stfedovékych a fimskych peci na taveni olova
u Banc Tynddol, Copa Hill, Cwmystwyth (B. Craddock & S. Timberlake).

The Penpompren Roman shovel

In 2019 loan Lord recovered a primitive wooden mine
shovel or spade from underground workings at Penpompen
Mine near Talybont in West Wales (Lord et al. 2019). The
oak shovel (Fig. 41) was radiocarbon dated to between 37
cal BC and 71 cal AD (OxA-39149 1974 +/- 20 yrs BP),
confirming that this mining artefact was most probably
Roman, although a Late Iron Age date is possible. The
shovel is virtually identical to the ones recovered from un-
derground in the Darren Mine in the 1850s, which were
photographed, but are since lost (Williams 1866). Near-
by at Erglodd there is a Roman Flavian-period fortlet of
approximately the same date (AD 60-70s), and it seems
likely therefore that the site for this was specifically chosen
because of the mines and the Roman lead smelting site at
Llancynfelin nearby (see Page et al. 2012) (Fig. 42).

Fig. 41. The Roman mining spade/ shovel from Penpompren Mine, Taly-
bont, Ceredigion (B. Craddock courtesy of I.Lord).

Obr. 41. Rimsky dilni ry&/lopata z dolu Penpompren, Talybont, Ceredigi-
on (B. Craddock se souhlasem I. Lorda).

ROMAN CHARCOAL PRODUCTION

In the same year as this the EMRG re-visited Cwmyst-
wyth to excavate another valley site which was provisional-
ly identified as a hearth based on the results of geophysical
prospection (magnetometry). In fact this site turned out to be

Fig. 42. Map showing the location of Pemponpren Mine, Erglodd and
the Roman fort and lead smelting site (S. Timberlake & B. Craddock).
Obr. 42. Mapa s lokalizaci dolu Pemponpren, Erglodd, a fimské pev-
nosti s mistem taveni olova (S. Timberlake & B. Craddock).

a charcoal production site dating to the Roman period (UBA-
40407: cal AD 133-353). This was a circular burnt feature
with a thick charcoal layer located above a scorched soil with
an inner horseshoe-shaped gully (Fig. 43), and outer gullied
enclosure (Timberlake et al. 2019a). In reconstruction this
may be compared with similar cone-shaped charcoal clamps
described as being in use in the 18t century.

Fig. 43. Location and plan of the Roman charcoal production site
close to Banc Tynddol (P. Andrews & B. Craddock).

Obr. 43. Umisténi a plan fimského vyrobniho mista dievéného uhli
v blizkosti Banc Tynddol (P. Andrews & B. Craddock).
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AN EARLY MEDIEVAL IRON BLOOMERY FUR-
NACE

In October 2020 we examined another area of the valley
floor at Cwmystwyth a little further to the east, this time
below the Bronze Age mine workings at Penparc. Guid-
ed by the geophysical data we managed to locate a further
charcoal clamp dating to the Late Iron Age — Early Roman
period, and just beyond this an ironworking site (Timber-
lake et al. 2020). The latter revealed evidence for smithing
as well as smelting, but was dominated by the waste from
a tap-slagging furnace. The site was more fully investigat-
ed by excavations undertaken in October 2021 (Timberlake
et al. 2021b) and September 2022 (Andrews et al. 2022).
These revealed a considerable amount (in excess of 200
kg) of bloomery iron smelting slag within a slag dump,
a well-preserved slag pit and working floor, a tap channel,
and part of the base of a circular shaft furnace of about
300mm internal diameter, with heavily vitrified clay walls
preserved below the tuyere level (Fig. 44, 45). Hand bel-
lows would have been used to fire this furnace on the west
side, possibly via a single tuyere, the only trace of which
are the remains of its opening preserved within one of
the collapsed wall fragments. A series of stake holes and
an area of trod probably defines the area of the bellows
(Fig. 46). An Early Medieval date for these furnaces is sug-
gested by the dating of a piece of charcoal trapped within
a piece of tap slag. The radiocarbon date of 874 +/- 27 yrs
BP (FTMC-LTO01-2 1047 — 1256 AD) probably links this
site (and some of those for lead smelting) with the activity
of the Cistercians at the nearby Abbey of Strata Florida,
who it is recorded had interests in these mines and the nat-
ural resources within this valley (Austin 2022). We know
for instance that the abbey was first constructed in 1164
AD and re-built in 1201 AD, for which purpose iron and
lead would have been required in large amounts (Williams

Fig. 44. The excavation of an Early Medieval iron smelting furnace at
Penparc, Cwmystwyth in 2022 (S. Timberlake).

Obr. 44. Exkavace rané stiedovéké pece na taveni zeleza u Penparc,
Cwmystwyth, v roce 2022 (S. Timberlake).
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1899). Williams mentions metallurgical finds including ev-
idence for lead smelting and cupellation, whilst a recent
geophysical survey and finds of iron slag suggest that the
monks were also smelting or working iron within the abbey
precinct (Strata Florida Trust 2019).

Fig. 45. Part of the collapsed vitrified wall of the 30cm diameter shaft
furnace at Penparc (S. Timberlake).

Obr. 45. Cast ziicené vitrifikované stény Sachtové pece o priméru 30 cm
u Penparc (S. Timberlake).

Fig. 46. Stakeholes on the north side of the furnace associated with the
position of the bellows and tuyere (S. Timberlake).

Obr. 46. Prikladaci otvory na severni strané pece spojena s polohou méchi
a dmysny (S. Timberlake).
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CONCLUSION

The EMRG has been investigating the evidence for pre-
historic and early metal mining in Britain for over 30 years
now and has firmly established through a comprehensive
archaeological excavation and dating programme the ex-
istence of widespread prospection, and in some cases more
extensive mining, of surface exposures of copper minerali-
sation in both West and North Wales and in a small area of
Central England from the late Copper Age -Early Bronze
Age right through to the beginning of the Middle Bronze
Age (c. 1600 BC), following which there was a significant
exploitation of copper ore at just one site (the Great Orme)
over a 200 year period. It is not clear why certain areas
were tried, and other’s weren’t, but this may phenomenon
have a human element (i.e. the presence of metal prospec-
tors or metallurgists), as much as a physical one linked to
erosion, exposure and weathering. The best preserved and
most thoroughly investigated of these sites is probably the
mine of Copa Hill, Cwmystwyth. This has provided us with
a wealth of finds and published data, and is amongst the
most well-known of Bronze Age mines in Europe. The dis-
covery nearby of a probably associated Bell-Beaker gold
disc within a grave-cut adds additional context to the po-
tential significance of this site and its origins. An associated
settlement and further ore-processing or smelting evidence
has yet to be discovered, and it is possible therefore that
partially-processed ore was instead exchanged with visit-
ing metalworkers, and that the miners of these sites were
instead transhumant agriculturists. They may thus have
brought their animals up into the mountains during the
summer months, along with supplies of stone tools, to work
these shallow excavations for short intermittent periods on
a seasonal basis.

However, we cannot look at these sites in isolation. More
emphasis needs to placed on research into the smaller
mines, and mines or trials yet to be discovered, as these
may not be detectable by discriminatory methods such as
chemistry which might indicate mining or the processing
of ores through the record of this preserved within the peat
bog archives.

The latter period of our research strategy (from 2015 till
the present) has focused on investigating the contemporary
landscape of these Bronze Age mines, in particular that of
the Upper Ystwyth Valley, and as has already been suggest-
ed, a search was conducted for the footprints of prospection
activity across the mining area(s).

Looking for the evidence of the earliest mining naturally
begs the question of whether the there are also traces to
be discovered of later activity - from the Late Bronze Age
to the Iron Age and Roman periods? Medieval mining in
Wales was discussed at the 2013 meeting held at Jihlava, but
since then fieldwork (especially in recent years) has delved
into the question of identifying Iron Age copper and lead
mines (recently confirmed at Llanymynech and possibly al-
so at Darren), and also lead mining and smelting during the

Roman period (at Llancynfelin/ Erglodd, Penpompren and
Banc Tynddol). The latest excavation project of the group,
however, moves us to a more recent era, though not surpris-
ingly, still within the mining vicinity of Cwmystwyth, this
is as site linked to primary metallurgy. The well-preserved
Early Medieval iron furnace is unusual because of its small
size, yet the date and association here probably links it to
another early control of this bleak, mountainous landscape
across Wales by the Cistercian order, and the establishment
nearby of a religious house at Strata Florida.

The discoveries of the last 20 years have contributed to
a new interpretation of early mining and metallurgy within
the upland marginal areas of Britain prior to 1500 AD, with
its origins some 3500 years before this.

POSTSCRIPT

The Early Mines Research Group UK celebrates its 35t
anniversary this year; defining a period of almost un-bro-
ken activity, including annual excavations of mining and
smelting sites, an involvement in scientific research and the
publication of results. All of us have worked either as am-
ateur or professional archaeologists and/or geologists, and
alongside our involvement in other UK and foreign archae-
ological projects, we are still working on the investigation
of this one interesting valley in West Wales. We haven’t left
yet! Each intervention brings something new and more in-
teresting to light. There is a lesson to be learnt here perhaps
concerning the depth and complexity of these minescape
investigations. It is the potential to uncover what has never
even been considered which provides the inspiration to our
archaeological research. Yet collectively we all need to at-
tract a new generation of people to this subject. This sort of
work, whether in Moravia or in Wales is still in its infancy.

I would like to thank my colleagues of almost half a cen-
tury, without whom none of this would have been possible:
the Early Mines Research Group mining team of Phil An-
drews, John Pickin, Anthony Gilmour, Brenda Craddock,
Emma Wager and the late David Jenkins.
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Rané stiredovéka Zelezarska produkce Boskovické brazdy

Early medieval iron production in the Boskovice Furrow
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Abstract: This article is a summary of my diploma thesis dealing with early medieval (c. 550-1200 AD) iron production in the Boskovice Furrow.

Thirteen localities are known from this area and to date, the assemblages of nine of them have been evaluated. Thanks to this evaluation, it was possible

to get a better understanding of the iron production not only at individual sites, but also in the region as a whole. This has also enabled a more detailed

comparison with information available from the neighbouring Moravian Karst area. Concluding, it looks like iron production in the Boskovice Furrow

was carried out on a rather small scale and was mainly focused on the needs of local communities, in the vicinity of whose settlements the ironworks sites

are usually being found. The entire production chain, from iron ore smelting to final work in smithies, can be expected in this area.

Key wors: early middle ages, ironmongery, Boskovice Furrow, slags, tuyeres

UvoD

PrestoZze je pro poznani fungovani rané stiedoveké spolec-
nosti blizsi pochopeni nastaveni dobové ekonomiky naprosto
kli¢ove, panuje v této oblasti, a to nejen v piipade naseho tize-
mi, stale spousta nejasnosti. K rozuzleni této problematiky
by mohlo byt zna¢né piinosné zaméfit se vice detailnéji na
charakter tehdejsi femeslné produkce a distribuce. Dulezi-
tymi otazkami je pak napfiklad mira mocenského dohledu;
regiondlni rtiznorodost; promény ve zlomovych obdobich,
jako byl napiiklad vznik a zanik Velké Moravy nebo pocatek
vrcholného stfedovéku (13. stol. n. 1.). Velice slibné v tomto
ohledu vypada pravé operacni fetézec zelezaiské produkce,
ktery poskytoval znacné¢ dulezitou komoditu, zelezo, pro
tehdejsi spolecnost. Zelezafska vyroba zajistovala klidové
produkéni prostiedky pro dva dualezité pilife dobové ekono-
miky: zintenziviiujici se zemédélskou produkci (Métinsky
2014, 105-110) a vojenstvi, resp. kofistnictvi (Trestik 2001,
104-107, Machacek 2021). Diky masivni poptavce, nerovno-
mérnému rozmisténi vhodnych surovin a potieb¢é samotnych
znalosti k vyrobe, mohlo byt Zelezo pravdépodobné postave-
no do pozice cenéné komodity, u jejiz vyroby a nasledné dis-
tribuce se nabizi prave i moznost mocenské kontroly (Hlavica
et Prochazka 2020, 76). Bohuzel i v pfipadé tohoto odvétvi
je vSak naSe poznani stale dosti utrzkovité. VEétSi pozornost
mu byla vénovana zejména badateli minulého stoleti (Plei-
ner 1958, 1962, 2000, Souchopova 1986, 1995, Souchopova
et Stransky 2008). Nasledné zajem o tuto problematiku dosti
opadnul a vraci se vice az nyni (Hlavica et Barta 2021, Merta
et Merta 2000, Mikulec et al. 2022a). Uréitym vychodiskem
by mohlo byt postupné podrobné vyhodnoceni materialové

1 BranoodJZ k SV.
2 Zejména limonit a hematit.

vvvvvv

livych zelezarskych oblasti/lokalit a nasledné vzajemné po-
rovnani, ¢imz bude ve vysledku umoznéno vyslovit se vice
obecné i1 k samotné zelezaiské produkei jako celku, potazmo
k dobové ekonomice. Z tohoto diivodu jsem se také rozhodl
sesbirat a nasledn¢ vyhodnotit dostupné doklady/prameny
ran¢ stiedoveké zelezaiské produkce z oblasti Boskovické
brazdy. Cast tohoto dlouhodobého procesu jsem uskuteénil
v ramci svych diplomovych praci (Mikulec 2020, 2022), kte-
ré jsou shrnuty prave v tomto piispevku.

VYMEZEN{ ZKOUMANE OBLASTI

Clanek je zaméfen na rané stiedoveké zelezaiské lokality
z oblasti Boskovické brazdy a bezprostfedniho okoli. Sa-
motna Boskovicka brazda je soucasti Brnénské vrchoviny
a rozklada se pftiblizné od Moravského Krumlova k méstec-
ku Trnévka (viz obr. 1).! Z hlediska geologického se jedna
o piikopovou propadlinu vyplnénou permokarbonskymi
a neogennimi usazeninami s ostrivky usazenin kiidovych.
V krajin¢ je tento Gtvar reprezentovan nezalesnénym pruhem
terénu, Sirokého pfiblizné 3 az 10 km. Okoli této propadliny
je tvofeno vyssim zalesnénym terénem, a to zejména Ces-
komoravskou vrchovinou, Podorlickou pahorkatinou a Br-
nénskou vrchovinou. Zernovickou hrasti je poté Boskovicka
brazda rozdélena na dvé casti: Oslavanskou brazdu (jizni)
a Malou Hanou (severni; Demek et al. 2006, 79). Vzhledem
k zelezaiské produkci je tato oblast vyznamna zejména vy-
skytem drobnych povrchovych lozisek zelezné rudy, ktera
byla v minulosti ¢asto vyuzivana. Jednalo se pravdépodobné
prevazné o oxidické Zelezné rudy? (Souchopova 1995, 45).
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Tab. 1. Soupis jednotlivych lokalit z Boskovické brazdy (PS = povrchovy sbér).

Tab. 1. List of localities from the Boskovice Furrow.

Cislo  Lokalita Typ lokality Datace Vyhodnoceno
1 Boritov sidliste; "kovarna" a odpadni jama; starohradistni — mladohradi§tni Ano
pec, vyhtivacka a jama u ni
2 Cetkovice sidliste/PS stfedohradi$tni — pozdnéhradistni Ano
3 Drvalovice/Vanovice sidliste; 2 x "topeniste” stfedohradi$tni/mladohradistni Ano
4 Jablonany/Obora sidliste/PS stfedohradi$tni, pozdnéhradistni Ano
5 Jevicko sidlisté/PS mladohradistni Ne
6 Kunstatsko tezebni relikty; zelezaiské nalezy stfedohradi$tni nebo mladohradistni Ne
7 Kufim sidliste; 2 x vestavéna dymacka stiedohradi$tni nebo mladohradistni Ne
s tenkou hrudi
8 Rozse¢ nad Kunstatem sidliste/PS neurceno Ano
9 Sebranice sidliste/PS starohradiStni — mladohradi§tni Ano
10 Sudice PS neurceno Ano
11 Tisnovsko tézebni relikty neuréeno Ne
12 Vazany sidliste/PS starohradiStni — mladohradi$tni? Ano
13 Velké Opatovice PS mladohradi$tni Ano

Je vSak nutné zminit, ze problematice vyskytu a vyuzivani
zeleznych rud se v rimci Boskovické brazdy prozatim bohu-
zel nikdo pfilis nevénoval, a tak je nase poznani v této oblasti
stale zna¢n¢ nedostacujici.3

Boskovicka brazda je zna¢né¢ trodnou a vyrazné osidle-
nou oblasti, a to nejen v dob¢ raného stiedovéku (Soucho-
pova 1976, 153). Pravé i v piipadé zelezarské produkce se
zde tedy setkavame s dlouhodobéjsi tradici. Zminit musi-
me zejména velice vyznamné doklady ze Sudic, kde bylo
pro obdobi mladsi doby fimské nalezeno 136 zelezatskych
peci spolu s dalsimi provoznimi objekty (viz Ludikovsky
et Souchopova 1978, Ludikovsky et Souchopova et Ha-
Sek 1978). Dulezitou roli hrala v této oblasti Zelezatska
produkce naptiklad i v obdobi vrcholného sttedovéku, kdy
zde fungovalo i n¢kolik hamri, a to zejména v ramci poz-
déjsiho veverského panstvi, v tdoli Bilého potoka a ¢as-
ti toku Svratky (Merta 2007, 185-186, Merta et Hlavica
2022, 21-22). Pro nami sledované obdobi pak bylo v Bo-
skovické brazdé prozatim, vzhledem k zelezarské vyrobe,
rozpoznano kolem tfinacti lokalit (viz obr. 1 a tab. 1; Mi-
kulec 2020, 9-23, Mikulec 2022, 8-17). Jedna se zejména
o lokality zndmé z povrchovych prizkumi. Archeologicky
vyzkum/odkryv, vétsiho rozsahu, byl proveden jen u loka-
lity Bofitov, Drvalovice/Vanovice a Kuiim (Kos et Parma
2008, Prochazka 1992, 317-341, Souchopova 1975, 48,
1976, 153—157). Ptispévek se blize vénuje 9 lokalitam, pro
které jsem vyhodnotil dostupnou materidlovou zékladnu
(viz tab. 1).

Obr. 1. Boskovicka brazda a Moravsky kras s vyznacenymi lokalitami
souvisejicimi s rané sttedovékym zelezaistvim (pro soupis jednotlivych
lokalit viz tab. 1). Autofi: R. Mikulec a M. Hlavica.

Fig. 1. Boskovice Furrow and Moravian Karst with locations of early me-
dieval iron production sites (for a list of sites, see Tab. 1). Del. R. Mikulec
and M. Hlavica.

3 Tomuto tématu bychom se chtéli, mimo jiné, vénovat pravé v ramci nasledujiciho badani.
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MATERIAL A METODY

Material byl pro potieby prace zapujcen z muzea v Bos-
kovicich4 a Blanskus. V piipadé lokality Jabloniany/Obora
byl nasledné jeste proveden povrchovy sbér, v trati Sedliska,
zaméteny piimo na ran¢ stfedoveékou Zelezaiskou produk-
ci (Mikulec 2022, 15, 36, Mikulec et al. 2022b, 167-168).
K vyhodnoceni souboru bylo vyuzito vizualniho prizkumu,
ktery je zejména dulezity u zelezaiské strusky (viz nize), za-
kladni metrologie a pocetnich operaci. Dale také databazo-
vych vyhodnoceni (hmotnostni a pocetni zastoupeni), a na
vybrané ¢asti souboru pokrocilych materialovych analyz
(ED-XRF, pXRF, XRD a metalografické analyzy v kombi-
naci s SEM/EDS, viz Mikulec et al. 2022a)6.
boru byla tvofena zelezatskou struskou. U tohoto druhu ar-
tefaktu je mozné vyuzit vizualniho prizkumu a na zakladé
morfologickych vlastnosti rozdélit jednotlivé exemplaie do
nékolika kategorii (viz napf. Hauptmann 2021, 222-248).
Pro potieby tohoto piispévku bylo nakonec vyuzito rozde-
leni do ti, respektive Ctyt zakladnich kategorii strusky: hut-
nické, kovarské, sklovité a neurcité (viz obr. 2; Hauptmann
2021, 233-238, 244-246, Mikulec 2022, 24-26, Soucho-
pova 1986, 69-70, Pleiner 2000, 216-217, 251, 254-255;
2006, 112—-121). Tato metoda neni pochopitelné bezchybna
a ma své urcité limity. Zejména problematicka je zna¢na
podobnost mezi nékterymi druhy zastupct jednotlivych

kategorii.” Z tohoto d@ivodu, spole¢né se znacnou varia-
bilitou, Spatnym stavem dochovani8 a nedostatecnym po-
znani kontextu® téchto nalezl, byly do tfi vySe zminénych
kategorii zafazovany jen jednoznac¢né urcitelné exemplare.
Ostatni, u kterych nebylo mozné kategorii urcit, byly za-
fazeny mezi strusky neurcité. K uréitému ovéfeni tohoto
rozdéleni byly poté u 10 vybranych exemplaii, z lokality
Botitov, provedeny vyse zminéné materialové analyzy.

1. Do prvni z kategorii byly zatazeny ,,asfaltové* hut-
nické strusky, které vznikaji u peci schopnych od-
pichu strusky (viz obr. 2:1). Svrchni strana u téchto
exemplari byva hladka, tmave Sedé az ¢erné barvy,
Casto s patrnymi stopami te¢eni. Oproti tomu spodni
strana je o néco svétlejsi a zpravidla obsahuje drob-
né kaminky, zeminu a kusy mazanice, které se do
strusky dostaly pfi odpousténi do prostoru pred peci.

2. Kategorie druha je tvofena struskou kovéaiskou, kte-
ra je reprezentovana kolacovitymi, bochnikovitymi
slitky a jejich zlomky (viz obr. 2:2). Takovéto strus-
ky se postupné formovaly v uhlikatém a popelovém
lozi vyhné tésné pod ustim dyzny.

3. Pro strusky nélezejici do tfeti kategorie je typicky sklo-
vity vzhled (biloSedé az nazelenalé barvy; leskle Cer-
né...), znacna porovitost a nizka hmotnost (viz obr. 2:3).

4. Kategorie obsahujici blize neurcitelné exemplare
amorfnich tvart (pro nazorny piiklad viz obr. 2:4).

Obr. 2. Ukazkové exemplate jednotlivych druhti Zelezaiské strusky: 1. hutnicka; 2. ko-
vaiska; 3. sklovita; 4. neurcita. Autor: R. Mikulec.
Fig. 2. Sample specimens of iron slag categories: 1. smelting slag; 2. smithing slag; 3. ce-
ramic slag; 4. uncategorised slag. Photo R. Mikulec.

4 Muzeum regionu Boskovicka, p. o.
Muzeum Blanenska, p. o.

W

6  Analyzy provedli: M. Kmosek (ARUB AV CR, Brno), J. Kmosek (Univerzita Pardubice, Fakulta restaurovéani) a J. Mésilko (VUT Brno, Fakulta

chemicka).

7 Tyka se zejména amorfnich kovaiskych strusek a strusek hutnickych pochazejicich z nistéje pece.

e}

9  Povrchové sbéry, chybéjici dokumentace...

Velmi ¢asto jsou ulozené exemplafe jen velmi drobné zlomky strusky neurcitého tvaru.
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Neméné¢ vyznamné jsou keramické dyzny, u kterych je
dulezité sledovat zejména tloustku jejich stény. Dle teorie
V. Souchopové by mélo byt teoreticky mozné na zakladé
tohoto udaje urcit dataci (Souchopova 1979, 81-82, 1986,
32). Dle poznatkll z oblasti Moravského krasu se zda, ze
tenkosténné dyzny by mohly byt typické pro stiedohradistni
obdobi a tlustosténné naopak pro dobu mladohradistni. Je-
likoz tato teorie byla stanovena praveé na zakladé nalezd ze
sousedni oblasti, je porovnani s nalezy z Boskovické brazdy
pfimo nasnadé. Opomenout nelze také nazor R. Pleinera,
ktery naopak pric¢ital rozdilnost keramickych dyzen odlis-
nému charakteru zelezaiské produkce, respektive metalur-
gickym zafizenim, u kterych byly vyuzivany (Pleiner 1958,
262). Bohuzel vsak doposud nikdo nedokazal rozpoznat/
urcit, jaky druh dyzen by byl typicky, pro jakou ¢innost, fa-
zi vyrobniho procesu zeleza. Problematické je také samotné

rozdéleni na tenkosténné a tlustosténné dyzny, jelikoz stale
nebyla stanovena jasna predé€lujici hranice!® a rozméry dy-
zen navic bohuzel ¢asto nebyvaji vitbec publikovany.

VYSLEDKY

Celkovée jsem mél pro Boskovickou brazdu moznost vy-
hodnotit kolem 690 kust zelezaiské strusky o hmotnosti
cca 50 kilogramt, 12 kg Fe rudy (125 ks) a jen 26 frag-
mentl keramickych dyzen. Jak jiz bylo zminéno, jedna se
o nalezy celkem z 9 lokalit, nicméné pocetni ani hmotnost-
ni rozdéleni neni rovnomérné. Nejlépe patrny je tento jev
u zelezaiské strusky, kterd pochézi ze vSech lokalit kromé
Sudic. Vzhledem k ostatnim lokalitdm vSak vyrazné vystu-
puji tfi hlavni, a to Bofitov, Drvalovice/Vanovice a Jablo-
nany/Obora (viz tab. 2 a graf 1). Jako lokality vétsiho

Tab. 2. Soupis poctu a hmotnosti zelezarské strusky, zelezné rudy a keramickych dyzen ze zkoumanych lokalit.
Tab. 2. Quantity (pcs) and weight (kg) of iron slags, iron ore and tuyéres from the studied localities.

Lokalita Struska Ruda Dyzny
Pocet (ks)  Hmotnost (kg) Pocet (ks) Hmotnost (kg) Pocet (ks)

Bofitov 88 31,2 17 2,1 23

Cetkovice 2 0,2

Drvalovice/Vanovice 100 3,6 10 51

Jablofiany/Obora 409 6,3 98 4,9 2

Neuvedeno 2 1,3

Rozse¢ 56 1,7

Sebranice 3 1,1

Sudice 1

Vazany 27 4.4

Velké Opatovice 1 0,1

Celkem 688 49,9 125 12,1 26

Graf 1. Pocetni a hmotnostni zastoupeni zelezai'ské strusky na jednotlivych lokalitach.
Graph 1. Total quantity (pcs) and weight (kg) of iron slags at individual sites.

10 Siika stény by se u jednoznaéné tenkosténnych dyzen méla pohybovat snad kolem 3 az 4 mm a u dyzen tlustosténnych pak naopak kolem 15 mm.
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vyznamu poté mizeme zminit jesté¢ Vazany a Rozse¢. Ve
zbylych piipadech se vSak skutecné jedna, jiz jen o ojedi-
nélé zlomky zelezarské strusky nevelké hmotnosti.
Rozdé€leni zelezaiské strusky dle morfologickych vlast-
nosti dopadlo poté nasledovné (viz tab. 3 a graf 2). I pfes
vetsi zastoupeni exemplaid, které nebylo mozné jedno-
znacné zaradit, prevazuje struska hutnicka v oblasti pocet-
niho zastoupeni a kovarska naopak vzhledem k hmotnosti.
I kdyZ se v obou pfipadech jednd o nadpoloviéni vétSinu,
je nutné dodat, Ze je tento jev zpusoben zejména dvojici
lokalit (viz tab. 3). VétSina hutnickych strusek pochazi totiz
z lokality Jablonany/Obora a u hmotnosti dominuji naopak

kovatské strusky z Bofitova. Kovarské strusky mame déle
dolozeny jen z Rozsece, Vazan a Jablonan/Obory. Piekva-
pivé zjisténi nastava u strusky hutnické, ktera byla naopak
nalezena skoro na vSech lokalitach.!! Ve vétsing piipadu si-
ce jen ve velmi malém mnozstvi, ale i tak se jedna o doklad
toho, Ze hutnicka produkce byla v Boskovické brazdé prav-
dépodobné vice vyznamna, nez by se mohlo na prvni po-
hled zdat. Pfeci jen ji do ur¢ité miry nasvédcuji také nalezy
zelezné rudy, které byly prozatim zaznamendny alespoil na
tfech lokalitach: Bofitov, Drvalovice/Vanovice a Jablona-
ny/Obora (viz tab. 2).12

Tab. 3. Zastoupeni jednotlivych druht zelezatské strusky na lokalitach.
Tab. 3. Representation (pcs; g) of different kinds of slags at the sites.

Pocet (ks)

Lokalita Neurceno Hutnicka struska Kovaiska struska Sklovita struska
Boritov 32 11 42 3
Cetkovice 1 1
Drvilovice/Vanovice 90 7 3
Jablofiany/Obora 25 381 3
Neuvedeno 1 1
Rozse¢ 40 1 15
Sebranice 3
Vézany 19 4 3 1
Velké Opatovice 1
Celkem 211 406 63 7

Hmotnost (g)
Lokalita Neurceno Hutnicka struska Kovaiska struska Sklovita struska
Bofritov 4479 860 25668 168
Cetkovice 144 43
Drvilovice/Vanovice 3507 61 25
Jablofiany/Obora 1061 4932 272
Neuvedeno 871 442
Rozse¢ 1115 51 575
Sebranice 1084
Vazany 2312 662 1389 42
Velké Opatovice 88
Celkem 14573 7051 27904 235

11

12 Druh Zelezné rudy, spolu s dal$imi charakteristikami, nebyl bohuzel u Zadné z lokalit prozatim urcen.

Jedinou vyjimkou jsou lokality Sebranice a Velké Opatovice, které vSak dohromady poskytly jen 4 kusy zelezarské strusky, které navic nebylo
mozné dle vizualniho prizkumu jednoznacné zatadit.
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Graf 2. Celkové pocetni a hmotnostni zastoupeni jednotlivych druhu zelezarské strusky.

Graph 2. Total quantity (pcs) and weight (kg) of iron slag categories.

Keramickych dyzen poskytly soubory z jednotlivych
lokalit nachazejicich se v Boskovické brazd¢ piekvapivé
male mnozstvi. Osobné prozkoumat jsem mél moznost jen
26 exemplait, z ¢ehoz 23 pochazelo z Bofitova. Zbylé tii
exemplaf poté pochézeji z Jablonan/Obory (2 ks) a Sudic
(1 ks). Obecné lze tyto exemplate zaradit spiSe mezi dyzny
tlustosténné (viz tab. 4). V ptipad¢ Jablonan/Obory a Su-
dic se jedna o skute¢né masivni jedince (tloustka stény:
9-19 mm). U Bofitova byly nalezené dyzny o néco vice
tenkosténné, také u trati Niva. Zajimava je u této lokality ze-
jména odlisnost nalezenych exemplait mezi sousednimi tra-
témi: Niva a Zadvoti (viz obr. 3). Dyzny pochazejici z trati
Niva jsou vice tenkosténné (4—12 mm) a dochovany ve vét-
$in¢€ pripadt v delSich fragmentech (az 180 mm). Exemplare
z trati Zadvorti jsou naopak vice tlustosténné (8,5-15 mm),
dochované v mensich segmentech (do 70 mm) a s masivni-
mi struskovymi nalitky. Tato odliSnost by teoreticky mohla
nasveédcovat vyse zminéné teorii R. Pleinera. V trati Zadvoii
m¢éla byt totiz nalezena ,,kovarnal3*“ a v trati Niva naopak
vyhiivaci vyhen a pec neznamého druhu (viz Mikulec 2020,
77, 82, Prochézka 2014, 238, Souchopova 1975, 1976,
153-155, 1979, 14, 1986, 9, 76). Vzhledem k malé velikos-
ti souboru a nedostate¢ného stavu poznanil4 vSak prozatim
s jistotou nelze spojit urcity druh dyzen s néjakym speci-
fickym procesem/zafizenim v ramci zelezaiské produkce.
Také vyuziti keramickych dyzen k dataci se v ptipad¢ Bos-
kovické brazdy ukazuje prozatim jako nemozné, jednak pro
nedostatek tohoto druhu materialu a dale také zejména pro
vé&tsi riiznorodost. Siika stény u dyzen z oblasti Boskovické
brazdy, i v rdmci jednoho exemplate, ¢asto dosti kolisa a je
tedy obtizné je jednoznacné zaradit (viz tab. 4). Jak jiz bylo
fe¢eno, obecné se jedna spiSe o dyzny tlustosténné (typické
pro mladohradistni obdobi), coz je napiiklad u lokality Bo-
fitov, zejména u trati Zadvofi, v naprostém rozporu s dataci

uréenou dle nalezené keramiky (stfedohradistni obdobi,
s moznymi pocatky jiz v dobé¢ starohradistni; Mikulec 2020,
79-85). Teorii V. Souchopové nelze tedy nekriticky pouzit,
zejména mimo oblast Moravského krasu, a vzdy by mélo
dojit ke kombinaci s dal§imi metodami datovani.

Obr. 3. Ukazkové exemplate dyzen z lokality Bofitov: trat’ Niva (nahote)
a Zadvoti (dole). Autor: R. Mikulec.
Fig. 3. Sample specimens of tuyéres from Bofitov: field Niva (top) and
Zadvoti (below). Photo R. Mikulec.

Vysledky materialovych analyz!s

Na zéklad¢ ziskanych vysledki byly exemplatre rozdé-
leny do tii kategorii (viz tab. 5). Obecné lze, na zakladeé
pritomnosti drasliku a nizkého obsahu siry, u vSech zkou-
manych exemplart potvrdit vyuziti dtevéného uhli, a na-
opak absenci struskotvornych piisad zalozenych na CaO,
jehoz obsah je zde velmi nizky.

Kategorie 1: Hutnicka odpichova struska — strusky ¢. 1,2 a3

Do prvni kategorie byly na zakladé analyz shodné s vi-
zualnim prizkumem zafazeny prvni tfi exemplafe (viz tab.
5). Strusky této kategorie maji obecn¢ velmi blizké slozeni:

13 Mozna interpretace navrzena, u objektu A, autorkou vyzkumu V. Souchopovou, kterou v§ak prozatim nelze jednoznacéné potvrdit ¢i vyvratit.
14 U vyzkumu V. Souchopové a K. Ludikovského na této lokalité chybi zaméteni jednotlivych artefaktl. Neexistuje bohuzel ani plan vyzkumu ¢i

dokumentace (viz Mikulec 2020, 77-78, 82-83).

15  Pro kompletni data viz Mikulec et al. 2022a, 780—790, nebo piilohu diplomové prace Mikulec 2022.
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Tab. 4. Soupis dyzen z oblasti Boskovické brazdy se zakladnimi udaji.
Tab. 4. List of tuyéres from the Boskovice Furrow with basic data.

Inv. €. Lokalita Objekt Sila stény (mm) Dochovana délka (mm)

S 1638 Botitov-Niva jama pfi vyhiivacce 7-10 70

S 3673 Boftitov-Zadvori objekt A (kovarna) 8,5-10 65

S 3674 Boftitov-Zadvori objekt A (kovarna) 10-15 56

S 3675 Botitov-Zadvori objekt A (kovarna) 13-15 67

S 3727 Botitov-Zadvori objekt A (kovarna) 11-14 70

S 3782 Boftitov-Niva slovanska vyhtivacka 5-10 180

S 3783 Boftitov-Niva slovanska vyhtivacka 4-10 145

S 3784 Bofitov-Niva slovanska vyhtivacka 4-12 94

S 3785 Botitov-Niva slovanska vyhtivacka 4-8 145

S 3786 Botitov-Niva slovanska vyhtivacka 4-8 140

S 3787 Botitov-Niva slovanska vyhtivacka 6-11 70

S 3788 Botitov-Niva slovanska vyhtivacka 5-7 45

S 3789 Bofitov-Niva slovanska vyhiivacka 8-9.,5 94

S 3790 Bofitov-Niva slovanska vyhiivacka 11 45

S 3791 Bofitov-Niva slovanska vyhiivacka 10 46

S 3863 Botitov-Niva slovanska vyhtivacka 4-9,6 50

S 3864 Botitov-Niva slovanska vyhtivacka 7 30

S 3865 Boritov-Niva slovanska vyhtivacka 11 33

S 3866 Boritov-Niva slovanska vyhtivacka 6 25

S 3867 Botitov-Niva slovanska vyhtivacka 6 40

A 22818 Botitov-Niva SBER 89,5 25

A 22796 Bofitov-Niva SBER 10 39

A 22798 Bofitov-Niva SBER 75 39

A66 Sudice SBER 13-18 55

Bez Jablonany-Sedliska SBER 14,5-19 63

Bez Jablonany-Sedliska SBER 9-17 35

Tab. 5. Zakladni informace u strusek podrobenych materidlovym analyzam.
Tab. 5. Basic information on slags subjected to material analyses.

C. Trat Objekt Inv. ¢. Hmotnost (g) Hustota (g/cm3) Pivodni klasifikace  Finalni klasifikace
1 Zadvori "kovarna" S 3712 164 1,9  hutnicka struska kategorie 1
2 Niva slovanska vyhiivacka S 3840 59 2,2 hutnicka struska kategorie 1
3 Niva jéma u slovanské vyhiivacky S 1648 49 2,6 hutnicka struska kategorie 1
4 Zadvori "kovarna" S 3707 219 2,1 kovarska struska kategorie 2
5 Niva jéma u slovanské vyhiivacky S 3886 49 2,0 kovarska struska kategorie 2
6  Zadvoii odpadni jama S 3596 34 1,5 kovarska struska kategorie 2
7  Zadvori "kovarna" S 3728 83 1,3  struska sklovita kategorie 3
8  Zadvori "kovarna" S 3730 19 1,2 struska sklovita kategorie 3
9 Niva slovanska vyhiivacka S 3849 13 1,8  neurcita kategorie 2
10 Niva slovanska vyhtivacka S 3854 11 1,7  neurcita kategorie 2
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siln€ je u nich zastoupeno Zzelezo (cca 70-80 %, zejména
v podob¢ fayalitu a wiistitu) a mangan (cca 4—7 %). Pti-
tomnost wiistitu svéd¢i o rychlém ochlazeni, a to z teploty
nad 567 °C (Cornell et Schwertmann 2003), ke kterému
pravdépodobné doslo prave pii odpichu strusky. Vyssi ob-
sah manganu pak poukazuje na hutnicky ptvod, kdy se
v prubéhu redukce Zeleza uvoliuje z rudy do strusky a do
dalsiho kovaiského zpracovani ho tak prechazi jiz vyrazné
mens$i mnozstvi (Pleiner 2006, 116). Na zaklad¢ vysledki
analyz a morfologickych znakti mizeme fici, ze se pravdé-
podobné skute¢né jedna o hutnickou strusku, ktera vznikla
pfi tavbeé zeleznych rud bohatych na mangan, a to v hutnic-
ké peci/pecich schopnych odpichu.

Kategorie 2: Kovarska struska, pfipadné struska z prvotniho
zpracovani vyhutnéného zeleza — strusky €. 4, 5, 6,9 a 10

I u této kategorie bylo potvrzeno piedchazejici rozdéle-
ni na zaklad¢é vizualniho prizkumu, nicmén¢ jen do urcité
miry (viz nize). Na zaklad¢ vysledkt analyz byly také do
této kategorie nakonec pfifazeny strusky, u nichz nebylo
puvodné mozné druh urcit (viz tab. 5). Strusky v této ka-
tegorii jsou oproti pfedchazejici vice riznorod¢, a to jak
vzhledem, tak i slozenim. Jedna o strusky bohaté na Ze-
lezo (cca 72-86 %, fayalit, wiistit a ve vEtsi mife oproti
predchazejici kategorii i magnetit), ale chudé na mangan
(cca 0,4-1,7 %). Oproti prvni kategorii se dale odliSuji
také pritomnosti fazi zeleza vzniklych zvétravanim: v po-
dobé goethitu (pfitomny s vyjimkou strusky ¢. 10) a lepi-
docrocitu (pfitomny u strusek ¢. 5 a 9). Obecné se vSak
svym slozenim zna¢né podobaji struskam z piedchazejici
skupiny. Zatazeni této kategorie je tedy obtizn&jsi, nez se
ptivodné zdalo. Nizky obsah manganu, vétsi zastoupeni
zeleza i pritomnost koroznich produkti Zeleza indikuji
kovaiské zpracovavani, nicméné jejich chemické slozeni
nenasveédcuje vzniku pii finalnich kovarskych pracich (vy-
soky obsah fayalitu a naopak absence okuji a metalického
zeleza). Mohlo by se tedy spiSe jednat o strusky vzniklé pii
kovaiském zpracovavani vyhutnéného zeleza, tedy odpad
vznikly pfi opétovném ohfevu a prokovavani zelezné hou-
by, cemuz by do ur€ité miry napovidal i jejich nalezovy
kontext!6.

Kategorie 3: Sklovita struska — strusky ¢. 7a 8

Také u strusek nalezejicich do této kategorie se ptivod-
ni rozdéleni, na zakladé vizualniho prizkumu, potvrdilo
a diky analyzam bylo navic mozné ziskat vice informaci
o jejich puvodu. Charakteristicka je pro né nizka hustota
(1,2 a1,3 g/em3), vysoka poréznost, nejslabsi magnetismus,

amorfni tvar a pfevazné modroSedé zbarveni. Slozenim se
jedna zejména o skelnou matrici v podobé kiemene a jeho
vysokoteplotni modifikace cristobalitu. Tyto strusky obsa-
huji také vyss$i mnozstvi hliniku, drasliku, sodiku, hoi¢i-
ku a dalSich prvkii. Naopak obsah Zeleza (cca 26-27 %)
i manganu (cca 0,4-0,6 %) je dosti nizky. Dle chemického
slozeni pochazeji ze siln¢ oxidacniho prostfedi a vznikly
pravdépodobné ptetavenim néjakého materialu bohatého
na kiemik, ve kterém byla uvéznéna zrna metalického ze-
leza nebo jeho oxidl. Jednat se mtize pravdépodobné o ko-
varskou strusku vzniklou pietavenim tavidla (pisek, jil);
vyzdivky pece/vyhné ptipadné obycejnou zeminu piemé-
nénou za vysokych teplot.

DISKUSE

Celkové mnozstvi prozkoumaného materidlu by se na
prvni pohled mohlo zdat celkem velké. Nicméné pii po-
rovnani s doklady ze sousedni oblasti Moravského krasu,
zjistime, Ze opak je pravdou. Z této oblasti, zejména pro
obdobi Velké Moravy, jsou znamy planovité uspotrada-
né rozsahlé zelezaiské dilny s bateriemi peci a velkymi
odpadovymi haldami (viz napt. Souchopova 1979, 1986,
Souchopova et Merta 2000). Jen na jedné z nich bylo na-
priklad v odpadové haldé pod peci ¢. IX nalezeno cca
902 kg zelezarskeé strusky (Souchopova 1986, 31),17 tedy
mnohonasobné vice nez v celé Boskovické brazdé pro-
zatim dohromady. Takovéto nalezy nam z oblasti Bosko-
vické brazdy stale chybi a zda se, ze Zelezaiska produkce
zde tedy byla pravdépodobné méné intenzivni.!8 | z toho
divodu jsem v ramci bakalarské prace, na zaklade reserse
dostupné literatury a vyhodnoceni nalezeného materialu
z lokality Bofitov (Niva, Zadvoii), pro zelezatskou pro-
dukci v Boskovické brazdé¢ predpokladal spise kovaisky
charakter. O to prekvapivéjsi je vyskyt hutnické strus-
ky skoro na vSech zkoumanych lokalitach. Hutnickou
produkci potvrzuji do urcité miry i nalezy zelezné rudy
a vySe zminéné materidlové analyzy. Tti z testovanych
jedinct strusky bylo dle analyz mozné, v souladu s roz-
délenim dle vizualniho prizkumu, jednoznaéné urcit jako
strusku hutnickou. Mensi mnozstvi dokladi mame tedy
nakonec naopak pro vyrobu kovarskou. Struska tohoto
charakteru byla nalezena jen na 4 lokalitach. Materialové
analyzy pak sice u péti z deseti testovanych exemplaia!®
prokazali, Ze se nejspise jednd o strusku kovarskou, nic-
méné¢ pravdépodobné pochazejici z prvotniho zpraco-
vavani vyhutnéného zeleza (opétovny ohfev, zbavovani

16  Strusky ¢. 9 a 10 pochazi z vyhiivaci vyhn¢ a struska ¢. 5 poté z jamy nachazejici se vedle této vyhiivacky.

17  Jedna se o lokalitu polesi Olomucany lesni odd. 98/1.

18  Pyrotechnologickych zelezatskych zatizeni bylo naptiklad prozatim nalezeno jen $est (vzdy po dvou: Bofitov, Drvalovice/Vanovice, Kufim) a je-
dinym jednoznacné uréenym druhem jsou vestavéné dymacky s tenkou hrudi z Kufimi (Kos et Parma 2008, 3—4, 10—11, Prochazka 1992, 321,

Souchopova 1975, 48; 1976, 153, 155; 1979, 14; 1986, 9).

19  Dle vizualniho prizkumu byly tfi z téchto strusek ptivodné zafazeny mezi strusku kovarskou a u zbyvajicich dvou nebylo mozné druh ur¢it.
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necistot atp.). Ocekavat vSak nejspiS mizeme cely vy-
robni fetézec, tedy od redukce Zelezné rudy az po findlni
kovarské prace, jelikoz hutnickd produkce v takto malé
mife by pravdépodobné neméla vétsiho vyznamu. Na-
vic néjaké doklady pro kovarské prace pfeci jen mame,
a to hlavné z Bofitova, kde kromé mnozstvi kolacovi-
tych strusek bylo nalezeno i nékolik dalsich dulezitych
artefaktl: ,,Ctverhranna Zelezna tyc20*; zkorodovany kus
zeleza se struskovymi vmeéstky?!; zlomky rotacnich bru-
st a brouskd, zelezné predméty... (viz Mikulec 2020,
77-85; 2022, 34, Souchopova 1976, 155). Popsani dia-
chronniho vyvoje je prozatim dosti obtizné az nemozné,
a to zejména vzhledem k obsirné dataci u vétSiny loka-
lit (viz tab. 1). Jak jiz bylo zminéno, naprostd vétSina
z nich je znama jen z povrchovych sbért, coz ndm ne-
umoznuje presné urCit, kdy na daném misté zelezarska
produkce skutec¢né probihala. Prozatim se vSak zda, ze
v oblasti Boskovické brazdy mohla zelezaiska vyroba
probihat nepferusené skoro po celou dobu raného stre-
dovéku, konkrétné od zavéru starohradistniho obdobi az
do pozdni doby hradi$tni. Tento rozsah je de facto pokryt
i jen nejlépe poznanymi lokalitami: Bofitov (starohra-
distni/stiedohradistni, pozdné hradistni?); Drvalovice/
Vanovice (stfedohradisStni/mladohradistni); Jablonany/
Obora (stiedohradistni, pozdn¢ hradistni). U nékterych
lokalit je pak dokonce patrna i dlouhodoba tradice, jen
napiiklad s uréitymi prostorovymi piesuny. Ukazkovym
prikladem je lokalita Jablonany/Obora, u které byly do-
klady zelezétské produkce zachyceny v rdmci dvou trati,
a to v odli¥nych obdobich: trat Ctvrté (stiedohraditni
obdobi), trat’ Sedliska (pozdn¢ hradistni obdobi; Malach
2010, 28, 29, 59, Mikulec 2022, 12-15, 37, Prochazka
2014, 269, Prochazka et Strof 1986, 59—61, Pleiner 1958,
261-262). U technologického vyvoje se potykame bo-
huzel jesté s vétsim mnozstvim neznamych. Vzhledem
k absenci vétsiho mnozstvi pyrotechnologickych zatize-
ni mizeme jen prozatim, na zakladé odpichové hutnické
strusky, uréit, ze vyuzivano bylo peci schopnych odpi-
chu, a to opét de facto po celou dobu raného stfedoveku.
I zde tedy panuje znacny rozdil oproti situaci v soused-
nim Moravském krasu, kde je naopak patrny pielom v za-
véru 9. stoleti a 1. pol. 10. stoleti n. 1., tedy v dobé padu
Velkomoravské fise. V této dobé se v Moravském krasu
vytraceji systematicky uspotadané dilny s bateriemi peci
a velkymi odpadovymi haldami. Ve druhé polovin¢ desa-
tého stoleti je zelezatska produkce sice obnovena, ale jiz
v mnohem mensim méfitku a s uréitym technologickym

20 Mozny polotovar spojeny ze dvou Zeleznych prutt.

ea e

ticky uspotfadany a vyuzivany jsou nadzemni Sachtové
pece s kotlovité zahloubenou nistéji, které neumoznuji
odpousténi strusky (Souchopova 1979, 81-82, 1986, 32,
80-82, Souchopova et Stransky 2008, 39-40).

Obecné se tedy zda, Ze I1ze v oblasti Boskovické brazdy
pro rany stfedovék ocekavat lokalni nezavislou zelezai-
skou produkci zaméfenou na potfeby mistnich komunit.
Vyroba je tedy situovéna zpravidla v blizkosti trvalych
sidlist a nalezené pozustatky nebyvaji pfili§ vyrazné.
V pripadé¢ vyznamnéjSich sidlist (Bofitov, Jablonany/
Obora) Ize poté uvazovat i o pfipadném pfiilezitostném
podileni na sméné. Takika v nezménéné podobé prav-
dépodobné probihala tato vyroba po celou dobu raného
sttedoveéku. Nutné je vSak zminit, ze tyto zavéry nejsou
rozhodné absolutni a neustale zde panuje mnozstvi ne-
znamych. Na§ pohled mtze byt do urcité miry zkreslen
naptiklad rdzem krajiny?2 a také stavem vyzkumu. Nedo-
statecné je zejména poznani vétSiny lokalit, které zname
jen prostiednictvim povrchovych sbéri. To by nemuselo
byt nutné samo o sob¢ problémem, jak se ukazalo v ramci
povrchového sbéru zamétené¢ho prfimo na tuto problema-
tiku,23 jako spiSe zainteresovanost badatell. Respektive
neatraktivnost a vétsi hmotnost artefaktt, souvisejicich se
zelezatskou produkci, mize vést k tomu, ze se do muzei
dostane jen par vybranych exemplaiti, a to i navzdory bo-
hatosti dané lokality.

ZAVER

V ptispévku jsem se pokusil shrnout dosavadni pozna-
ni v oblasti ran¢ stiedovéké zelezatské produkce v ram-
ci Boskovické brazdy a prispét tak zase urcitym dilem
k obecnému poznani v této problematice a tim i k lepsi-
mu pochopeni celkového fungovani tehdejsi ekonomiky,
respektive spolecnosti. Na zakladé vyhodnoceni materia-
lové zakladny z deviti rané sttedoveékych zelezatskych lo-
kalit se naptiklad ukazalo, Zze hutnicka vyroba byla v Bos-
kovicke brazdé vyznamnéjsi, nez se na prvni pohled zdalo.
Dle doposud ziskanych poznatkti se prozatim jako nejprav-
dépodobngéjsi jevi lokalni produkce zaméfend na potieby
mistnich komunit, v jejichz blizkosti se zpravidla i doklady
zelezatskych praci nachazi. Pritomen byl nejspis cely vy-
robni fetézec a u vyznamnéjsich lokalit (prozatim Bofitov
a Jabloniany/Obora) nelze vylou€it i o néco intenzivnéjsi
produkei, ktera mohla byt alespon ¢astecné orientovana na
sménu. V takovéto podobé¢ probihala Zelezaiska produkce

21 Potencionalni poloprodukt/polotovar vyroby zeleza, ktery mohl vzniknout napiiklad pfi zpracovavani vyhutnéného zeleza.

22 Jedna se o irodnou silné osidlenou oblast a nelze tedy vyloucit vyznamnou destrukei pamatek/prament souvisejicich s touto problematikou.

23 Bé¢hem povrchového prizkumu na lokalité Jabloniany/Obora, v trati Sedliska, se nam celkové podatilo nasbirat pres 600 artefaktl (viz Mikulec et
al. 2022b). Z toho celkem napiiklad 397 kusi zelezaiské strusky (cca 5,9 kg). Bez provedeni této akce by vsak pro tuto lokalitu bylo znamo jen

12 kust strusky a 11 zlomki Fe rudy.
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v Boskovické brazdé pravdépodobné po celou dobu raného
sttedoveku, a to ¢asto i dlouhodobé v ramci jedné lokality,
naptiklad jen s urc¢itymi prostorovymi presuny. K samotné-
mu technologickému vyvoji se nelze prozatim pro nedosta-
tek prament vice detailnéji vyjadfit, kazdopadné pro celé
obdobi raného stfedovéku mame alespon diky hutnickym
struskam dolozeno vyuzivani odpichu strusky pfi tavbé ze-
lezné rudy.

Nase poznani je vSak kazdopadné stale dosti utrzkovité
a obzvlast’ v nékterych oblastech znacné nedostatecné (ze-
jména prvotni ¢lanky operacniho fetézce). Do budoucna je
tedy rozhodné potieba dal§ich vyzkumu a ptipadné revize
téchto zavera.
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Tézba a zpracovani stfibra u Rozsece nad Kunstatem

Extraction and Processing of Silver Near Rozse¢ nad Kun$tatem

KAREL MALY?, KAREL PROCKAL 2, JIRf DOLEZELS3

IMuzeum Vysoginy Jihlava, Masarykovo namésti 55, CZ-586 01 Jihlava; e-mail: maly@mviji.cz; 2Ustav geologickych véd, Prodovédecka fakulta MU,
Kotlatska 2, 611 37 Brno; e-mail: kprockaml@outlook.cz; 3Archeologicky tstav AV CR, Brno, v. V. i., Cechyﬁské 363/19, CZ-602 00 Brno; e-mail:

dolezel@arub.cz

Abstract: The mining, processing and smelting of silver ores near Rozse¢ nad Kunstatem (Czech Republic) took place from the second half of the 13th

to the first half of the 14th century, with a temporary resumption of mining at the turn of the 15th and 16th centuries. The preserved mining remains and

evidence of processing are among the best-preserved sites of medieval precious metal mining in the Bohemian-Moravian Highlands.

Key words: extraction, processing, silver, Middle Ages, slag, Rozse¢ nad Kunstatem

UVOD

Lokalita staré¢ t¢zby polymetalickych rud u Rozsece nad
Kunstatem se nachazi na vychodnim okraji Ceskomorav-
ské vrchoviny. Relikty starych dulnich praci jsou situovany
1,0 km ssz. od Obecniho ufadu v Rozse¢i nad Kun§tatem
(okr. Blansko). Rozkladaji se v nadmotské vysce 610 az
640 m n. m. na ploSe 4,5 ha na obou stranach hranice kata-
stralnich izemi Rozse¢ nad Kunstatem a Rozsicka (obr. 1).
K lokalité se vztahuje mikrotoponymum Horni¢i, zietelné

odkazujici na diivéjsi dulni ¢innost. Lokalitu protina silni-
ce 11/362 spojujici Rozse¢ nad Kunstaitem a Olesnici. Do
roku 2020 se poztstatky starych didlnich praci nachazely
ve vzrostlém lese, ten byl v disledku napadeni dreva ka-
rovcem vykacen (obr. 2). V soucasnosti (2023) je lokalita
osazena mladymi stromky a ¢asteéné oplocena, piistupnost
komplikuje husta pfizemni vegetace.

Lokalita byla v minulosti pfedmétem prospekenich praci na
polymetalické rudy (Matl 1974). Nejnovéji ji mineralogicky

Obr. 1. Rozse¢ nad Kunstatem — Horni&i, poloha lokality na vytezu ze Zékladni mapy Ceské republiky 1 : 10 000.
Fig. 1. Rozsec¢ nad Kunstatem — Hornict, location on an inset from the Basic Map of the Czech Republic 1 : 10 000.
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Obr. 2. Rozse¢ nad Kunstatem — Horni¢i. Aktualni stav dobyvek — sesku-
peni 3 (Foto J. Dolezel, 2022).

Fig. 2. Rozse¢ nad Kunstatem — Horni¢i. Current state of old mines — con-
centration no. 3 (Photo J. Dolezel, 2022).

a Castecn¢ i z montanniho pohledu zpracoval Maly (1999,
2003); souhrnné pak Houzar et al. (2021). Pfedlozena prace
popisuje vysledky prvni etapy komplexniho zhodnoceni lo-
kality: predlozeny jsou zejména vysledky terénni dokumen-
tace, povrchovych sbérti a tivodni vysledky laboratorniho
zpracovani vzorku.

METODY

Mapovani bylo provadéno pozemnim pruzkumem lo-
kality (provedl Karel Procka). Pfi prizkumu byly zamé-
fovany jednotlivé relikty dalnich dél. Smérna orientace
linearnich prvku byla zjistovana pomoci busoly znacky
Suunto (fada MCB). Soufadnice bodu ve tvaru WGS 84
byly importovany do volné dostupné mapové aplikace
Diilni dila a poddolovana tizemi, kterou poskytuje Ceské
geologicka sluzba. Tato aplikace dovoluje promitnuti na
rizné mapové podklady, mimo jiné i na DMR 5G (dale
jen ,lidar). Pfi srovnani zamétenych bodid s depresemi
a elevacemi na lidarovych snimcich byla ovétena presnost
meéteni. Pomoci sité zobrazenych bodii byly v béznych gra-
fickych a textovych editorech (Microsoft Office) doplnény
tvary obvall, vrstevnice, sit’ lesnich cest a asfaltovych ko-
munikaci. Tyto prvky reliéfu, ptipadné jejich prubeh, by-
ly opét porovnany s pristupnym lidarovym snimkovanim.
Pouzité podkladové vrstvy byly odfiltrovany a vysledny
soubor uloZen jako typ PNG.

Povrchové sbéry v misté starych diilnich praci a na pii-
lehlych polich opakované provadéli vSichni autofi v letech
2010 az 2022. Rudni vzorky byly studovany v nabrusech
v odrazeném svétle (mikroskop Olympus BX51) a na elek-
tronovém mikroskopu s EDX analyzatorem (elektronovy
rastrovaci mikroskop JEOL JSM-6490LV) v Ustavu geolo-
gickych véd Piirodovédecké fakulty Masarykovy univerzi-
ty analytikem Jindfichem Stelclem. Na stejnych piistrojich
byly zkoumény v nabrusech a lesténych vybrusech také
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strusky. Orientacni chemické analyzy strusek a slitkti byly
provedeny na pXRF analyzatoru Vanta Olympus.

VYSLEDKY

Geologie a mineralogie

Z regionalné geologického hlediska lezi lokalita na se-
verovychodnim okraji svratecké klenby moravika v hor-
ninach olesnické skupiny. Ty jsou zastoupeny piedev§im
grafitickymi fylity, méné pak mramory a svory ¢i svorovy-
mi rulami.

Texturné je zrudnéni dvou zékladnich typii: 1) vtrousené
metasomatické zrudnéni s prevazujicim sfaleritem v mra-
morech. Bylo prostorové omezené a pti nové dokumentaci
lokality nebyly jiz tyto vzorky nalezeny. 2) Zilkovité zrud-
néni v grafitickych fylitech provazené jejich prokfemené-
nim. Zilky maji mocnost do maximélné 2 cm, ze sulfidi
to pak makroskopicky tetraedrit, bournonit a chalkopyrit.
Mikroskopicky byl z rudnich nerosti dolozen také arzeno-
pyrit. Hlavnim nositelem stiibra je na lokalité galenit a te-
traedrit — viz obr. 3 (ten obsahuje asi 15—17 hmot. % Ag;
Maly 1999).

Obr. 3. Rozse¢ nad Kunstatem — Horni¢i. Struktura rudniny, nabrus: 1 tet-
raedrit, 2 galenit, 3 sfalerit, 4 kiemen, 5 chalkopyrit (Foto K. Maly).

Fig. 3. Rozse¢ nad Kunstatem — Horni¢i. Structure of the ore, polished se-
ction: | tetrahedrite, 2 galena, 3 sphalerite, 4 quartz, 5 chalcopyrite (Photo
K. Maly).

V ramci samotného komplexu poztstatkti dtélnich dél
jsou vyskyty rudnich vzorkd vazany prakticky pouze na
odval novodobé prizkumné Sachtice pti vychodnim kon-
ci pozlstatkl tézby. Jizn€ od jejiho dnes propadlého usti
se pravdépodobné v dob¢ prizkumu nachézela skladka vy-
rubané ,,ziloviny“. V téchto mistech je oproti jinym ¢astem
odvalu patrna vyrazné zvy$ena koncentrace ulomkt horni-
ny (jednotky cm) s vyraznym zastoupenim karbonat. Na
povrchu maji tyto tlomky napadnou vrstvu oxidi a hydro-
xida zeleza.
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Druhym mistem vyskytu rudni mineralizace na lokalité je
pole jihovychodné od vychodniho zakonéeni diilnich praci.
V asociaci s vyraznym mnozstvim strusek se sporadicky
vyskytuji podobné tlomky karbonatem bohaté horniny ja-
ko na odvalu novodobé¢ Sachtice. Vzorky z pole dosahuji
obvykle vétsich rozmért (kolem 10 cm) a na svém povr-
chu maji také vyraznou vrstvu oxidl a hydroxidl zeleza.
Vtrousena zrna rudnich nerostt v téchto vzorcich vykazuji
obvykle vétsi velikost (maximalné 2-3 cm) nez z odvalu
novodobé Sachtice.

Topografie relikti starého dolovani

Staré diilni prace sleduji zrudnélé pasmo dlouhé 630 m
priblizn¢ ve sméru VSV-ZJZ. Relikty diilnich dél repre-
zentované zasutymi Sachticemi s obvaly jsou seskupe-
ny do étyf témét samostatnych celkd. Tyto celky se lisi
svymi rozméry, smérnou orientaci i charakterem jednot-
livych starych diilnich dél. Navzajem jsou tato seskupe-
ni oddélena né¢kolik stfednich az vyssich desitek metri
dlouhymi tseky bez vyskytu relikt dilnich dél. Pravde-
podobné¢ Ize tato seskupeni interpretovat jako jednotliva
dalni pole vymeétfena na zéklade stiedovekeé banské legis-
lativy. Dokumentaci a topografii dilnich objektt shrnu-
jeme na obr. 4.

Seskupeni 1 — délka 210 m, ptevazujici smér 70°
Nejvétsi celek starych dalnich praci se nachazi v nej-
vychodngjsi casti lokality. Ptiblizné ve dvou tfetinach

délky tohoto seskupeni jim prochazi téleso silnice ¢. 362
Rozse¢ nad Kunstatem — OleSnice. Béhem vystavby
silnice byly pravdépodobné zniceny nékteré poziistat-
ky dualnich dél. Zachovalé relikty hornich otvirek jsou
zde reprezentovany charakteristickymi trychtyfovitymi
depresemi v mistech usti jednotlivych Sachtic. Oproti ni-
ze popsanym celkiim jsou zde jednotlivé pinky vyrazné
hlubsi, mezi 4 az 5 m. Singularni obvaly jsou pak také
vzdjemné propojeny a vytvareji rozlehlé terasovité vy-
vysSeniny nad okolnim plochym terénem. Pravdépodobné
zde byly starsi dobyvky, podobné tém ve zbytku lokality,
prekryty mladsi etapou hornické Cinnosti. V ramci to-
hoto seskupeni se nachdzi i rozmérny pozustatek zasuté
prizkumné Sachtice z prelomu 50. a 60. let 20. stoleti.
Tato deprese je priblizné kruhového tvaru o priméru
13 m a hloubce 8 m.

Linearni uspofadani starych dulnich dél dovoluje piibliz-
n¢ odhadovat prabehy tézenych smérnych struktur. Kromé
zietelné orientace nejvice rozfarané zrudnéné struktury ve
sméru 70° je mozné vyclenit i mén¢ intenzivné exploato-
vanou strukturu sméru 30°, kterd ji asi v polovin¢ délky
ktizi. Staré prace sledujici tuto druhou strukturu se v jejim
severnim pokracovani zfetelné rozbihaji, Ize tedy usuzovat
na jeji rozmr$téni.

Celkoveé pusobi prvni seskupeni starych dilnich praci
vyrazné asymetricky. Na zdpad¢ za silnici vyzniva prvni
seskupeni pfirozen¢ zmensenim rozsahu dtlnich dél a po-
zvolnym pfechodem v hluché pasmo. Naopak vychodni

Obr. 4. Rozse¢ nad Kunstatem — Horni¢i. Mapa pozistatkt starych praci (zaméfeni K. Procka, 2022).
Fig. 4. Rozse¢ nad Kunstatem — Horni¢i. Map of the remains of old mining works (mapping K. Procka, 2022).
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zakonceni je velmi nahlé. Seskupeni zde konc¢i témi nejroz-
sahlejsimi pozustatky dulnich dé€l, chybi jakékoli stopy po
postupném ubytku zrudnéni, ktery by reflektovala snizujici
se velikost dilnich d¢l.

Pravdépodobné je tento jev zpuisoben piitomnosti vy-
znamnéj$iho zlomového rozhrani velmi pfiblizného sméru
SZ-JV. Hypotéza o mozné zemédélské aplanaci stfedné
a mén¢ rozsahlych dtlnich d¢l, kterd se mohla v minulosti
v dalsim vychodnim pokraovani nachazet, je nepravdépo-
dobna. Soucasny stav je téméf totozny se situaci zachyce-
nou na I. vojenském mapovani z 60.—80 let 18. stoleti i na
mapach stabilniho katastru z roku 1826. V periferni sidelni
ce pravdépodobna. Terénni prospekei v polnich terénech,
kam by mohlo pokracovani zasahovat, ptizna¢né nebyl
zjistén rozvleceny haldovy material.

Seskupeni 2 — délka 90 m, ptevazujici smér 70°

Druhé seskupeni, v ramci komplexu dulni lokality dale
k jihozapadu, je od prvniho oddéleno 40 m dlouhym tuse-
kem bez vyskytu pozlstatki dilnich dél. Je tvofeno cha-
rakteristickymi trychtyfovitymi jamami jako relikty usti
jednotlivych Sachtic. Deprese v tomto seskupeni dosahuji
hloubky 2 az 3 m. Odvaly hlusiny kolem usti Sachtic jsou
zde navrSeny samostatné, nejsou vzajemné propojeny do
teras. PobliZze druhého seskupeni se v severnim sméru na-
chazi také nékolik drobnéjsich samostatnych obvall patrné
prospekcniho charakteru.

Rovnéz na tomto seskupeni je mozné na zakladé linear-
niho uspofadani dilnich dél odhadovat pribéh tézenych
struktur. V této ¢asti lokality byly pravdépodobné sledovany
a tézeny dve zrudnélé struktury paralelniho prabéhu, nacha-
zejici se velmi blizko od sebe, ve shodném smérovani 70°.
Jinou interpreta¢ni moznosti zde dochovanych dobyvek je
pak exploatace jediné zilné struktury, hloubkové upadajici
k SZ ¢i JV a otvirané v jejim hlubsim prabéhu druhou, pa-
ralelni fadou Sachtic. Drobna skupina prospekénich obvalt,
které se nachazeji severng, vzhledem k velmi malému roz-
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struktury.

Seskupeni 3 — délka 140 m, prevazujici smér 110°

Treti, zapadnéji situovanou skupinu dilnich praci, deli
od druhé rovnéz pomérné rozsahla pasaz s absenci stop po
exploataci, dosahujici délky 100 m. Tento celek opét tvori
sestava typickych trychtyfovitych jam, 2 az 3 m hlubokych,
vytvofenych v ohlubnich jednotlivych Sachtic. Haldy hlusi-
ny pfi tstich byvalych Sachtic jsou zde navrSeny prevazné
samostatné. Pouze v nejvice rozfarané centralni ¢asti toho-
to seskupeni je patrno spojeni nékolika sousedicich obvali
do terasy ve vyrazné svazitém terénu. V zapadnim zavéru
tohoto seskupeni prochdzi lesni cesta, kterd se vyznamné
zarezava do pat obvalll. Je pravdépodobné, ze ¢ast materia-
lu z téchto deponii byla vyuzita pfi zpeviiovani této lesni
cesty.
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Co se tyka rekonstrukce pribéhu zrudnénych struktur,
které byly sledovany a tézeny, je tieti seskupeni patrné
nejzajimaveéjsi v ramci celé lokality. Zfejmé nejperspektiv-
n¢&jsi sledovana struktura byla sméru 110°. Tento smér je
zcela odliSny od pfevazujicich orientaci ostatnich na loka-
lit¢ zastizenych a zde popisovanych struktur. Tuto hlavni
strukturu kolmo kfizi dvé vzajemné rovnobézna linedrni
uskupeni starych dilnich dél ve sméru 20°. Kratsi linie
starych dalnich dél 1ze interpretovat jako prospekeni prace
nebo (méné pravdépodobné) jako dveé nepfiili§ vyznamné
struktury, které jsou sledovany nevelkymi odkryvy v pod-
statné mensi délce.

Seskupeni 4 — délka 70 m, ptevazujici smér 60°

Nejvice na zapadé polozena posledni koncentrace sta-
rych hornich otvirek je od tfeti oddélena pouze kratkym,
30 m dlouhym usekem s obcasnym vyskytem drobnych
jam pravdépodobné prospekéniho charakteru. Rovnéz
zde jde o sestavu obvyklych trychtyiovitych, 2 az 3 m
hlubokych pinek, poztstatki jednotlivych sachtic. Odva-
ly hluSiny pfi byvalych ohlubnich Sachtic jsou zde na-
vrSeny samostatné. Vzdalenosti jednotlivych dtlnich dél
a jejich odvalu jsou vétsi nez v ostatnich vySe popsanych
celcich.

Pouze na zakladé pfiblizné linearniho uspoiadani ne-
cetnych stafin by bylo obtizné stanovit pribéh sledované
a nejspise pouze pokusné tézené struktury. Vzhledem ke
dvéma téméf analogickym situacim na seskupenich 1 a 2
ale lze i zde odhadnout smér prubehu zrudnéné struktury na
60°. V dalsim zapadnim pokracovani je mozné pozorovat
vetsi mnozstvi nevyraznych obtizné identifikovatelnych
depresi a elevaci v lesnim terénu. Tyto relativné nahodné
situované prvky v reliéfu je snad mozné spojit s pfipovr-
chovou prospekci. Mtize se jednat o poziistatky kutacich
ptikopti nebo nehlubokych kutacich jam. Toto postupné
ukonceni — vytraceni pozustatkt dilnich dél je v pfimém
kontrastu se zakon¢enim opacného konce celého na lokali-
té sledovaného pasma.

Archeologické a archeometalurgické nalezy

Strusky

Jako velmi hojny material jsou strusky nachdzeny na
poli v tésném sousedstvi vychodniho ukonceni zacho-
vanych hornickych praci (pfiblizn¢ 49°32°0.757“N,
16°2728.820“E). Nejcastéji cerné nebo Sedo-zelené
strusky jsou fragmentovany do zlomki o velikosti do cca
9 cm, obvykle o velikosti 3—5 cm. Makroskopicky jsou
sklovité, relativné malo porézni, bézn¢ se stopami teceni.
Jejich magneticka susceptibilita je nizka (primérné 1,4
jednotek SI). Mikroskopicky v nich 1ze identifikovat sklo,
fayalit, reliktni zrna kfemene a inkluze tvorené sulfidy,
metaloidy As a Sb a ryzimi kovy (viz obr. 5). Pomoci rent-
genové praskove difrakce v nich byl déle zjistén pyroxen
blizky ferosilitu a cristobalit. Podle parcialnich chemic-
kych analyz (pXRF) jsou pro né charakteristické vyssi ob-
sahy Zn (cca 1 hmot. % Zn), Pb (0,4 az 2,5 hmot. %), Sb
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Obr. 5. Rozse¢ nad Kunstatem — Horni¢i. Strusky (Foto K. Procka).
Fig. 5. Rozse¢ nad Kunstatem — Hornic¢i. Slag (Photo K. Procka).

(55 az 852 ppm), Cu (0,1 az 0,7 hmot. %) a nizké obsahy
Ag (X0 ppm) a As.

Hornické nastroje

Ze starsich prospekénich akci, vyuzivajicich geomag-
netickych detektorti kovl, pochazi z obvald na rozsec-
ském Horni¢i obsahla kolekce klasickych hornickych
zelizek (44 kust), spolu s masivnim mlatkem (Hrazdil et
al. 2007; téz napt. Houzar et al. 2021; viz obr. 6 a, b).
V souboru dominuji pomérné archaické kratké klinové,
nebo stiedn¢ dlouhé exemplare soumérné oblych bokt,
tvarové plné odpovidajici vybavé haviit na hornich dilech
13. a 14. stoleti na Ceskomoravské vrchoving i v jinych
sttedoevropskych dilnich regionech (srov. napt. Hruby et
al. 2012, Schroder 2018). Ojedinéle 1ze ovSem zazname-
nat také typové pokrocilej$i, vyrazné protazeny Stihlejsi
nastroj, s vyrazné rozsifenymi a odsazenymi boky v misté
otvoru pro nasadu, typicky pro banské podniky pozdniho
15. a 16. véku (obr. 6 a: 2; Hrazdil et al. 2007, srov. napf.
Malina et al. 2018).

Keramika

Z plochy asi 30 m severozapadné od vychodni ¢tvr-
tiny rozsecského obvalového tahu (pfiblizné bod
49.533433184N, 16.456115741E) pochazi cast pleci
tfmenové konvice z tuhové hmoty, zafaditelna do posled-
ni tfetiny 13. stoleti (obr. 7: 1). Dalsi, ¢etnéjsi nalezy pak
povrchové sbéry pfinesly na polnim pozemku, bezpro-
sttedné priléhajicim k vychodnimu zavéru obvalového
tahu. Zlomky keramiky se zde spolu s hojnymi fragmen-
ty hutnich strusek vyskytuji na trojuhelnikové plose, se
zakladnou cca 90 m pfi okrajové cest¢ a az 50 m dale
k vychodu (49.5328692N, 16.4578233E; 49.5336769N,
16.4579681E; 49.5332767N, 16.4585797E). Nalezova
koncentrace pritom sleduje k vychodu vybihajici terénni
hibitek 608-611 m n. m, a lze ji stopovat i v pidnich pfi-
znacich, s charakteristickym intenzivnéj$im probarvenim
ornice. SpiSe nez o organiku ale muze jit o vySsi pfitom-
nost uréitych mineralnich slozek, patrné ze zpracovava-
nych rud vazanych na grafitické fylity; s tim koresponduji
vyse zminéné nalezy rudnich minerald na této plose.

Zatimco strusky, ale nejspiSe 1 dva kusy do tvrda vy-
palené hlinéné vymazavky z popsaného arealu patrné
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Obr. 6 a. Rozse¢ nad Kunstatem — Horni¢i. Hornické nastroje — upraveno
podle Hrazdil et al. 2007, 293, obr. 6.

Fig. 6 a. Rozse¢ nad Kunstatem — Horni¢i. Old mining tools — after Hraz-
dil et al. 2007, 293, fig. 6.

dokladaji tavbu tézenych rud pfimo na misté, pro dataci
dalnich praci na Horni¢i u Rozse¢e maji zna¢ny vyznam
shromazdéné keramické zlomky. Jedna se o dva ulomky
cihel ¢i dlazdic, dva zlomky kamnovych kachlid a 48 frag-
mentl kuchynské hrn¢iny (hrnky a hrnce, dzban, misa,
poklice, trojnozka). Nejstarsi tuhova keramika nalezi opét
obecn¢ druhé poloving 13. stoleti (obr. 7: 2), dalsi nalezy
konci 13. a starSim Gsekim 14. véku (obr. 7: 3). Samostat-
nou, ostie se vydélujici skupinu pak piedstavuje pokrocilé
keramické zbozi nejspise z posledni tietiny 15. a pocatku
16. stoleti, kam lze zafadit také zlomky kachli a cihel/
dlazdic (obr. 7: 4-17).

Slitky

Z mist s vyskytem strusek pochédzeji i nové nalezy tva-
rové nepravidelnych kovovych slitkd (viz obr. 8). Podle
predbézné analyzy je jeden ze slitkl (velikost 6 x 4 x 3 cm,
hmotnost 155 g) tvofen slitinou Cu-Pb-Sb. Dalsi dva rela-
tivné malé, ploché slitky (hmotnost 31 a 18 g) jsou tvotfeny
Pb s podilem Zn a stopami Sb, Ag a Cu.

Horniéi u Rozsece v historické sidelni struktuie a dobo-
vych pisemnych pramenech

Geografické pozici rozse¢ského Horni¢i na nahornim
hibetu na rozvodi Svratky a Svitavy odpovidala v minulos-
ti i jeho poloha na rozhrani dvou historickych sidelnich ob-
lasti, Kunstatska a Olesnicka. Pii pfedpokladaném otevieni
loziska n¢kdy po poloving 13. véku se dulni okrsek tehdy
nachazel na hranici dvou domén vyznamnych moravskych
roda: kunstatského panstvi pant ze Zbraslavi, a severnéjsi-
ho Olesnicka jako vlastnictvi panti z Lomnice. Ti také vy-
stavéli na dohled od Hornici, 1,7 km zépadné, jako spravni
a reziden¢ni centrum svych statki hrad Louka (srov. napft.
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Obr. 6 b. Rozse¢ nad Kunstitem — Horni¢i. Dvé hornicka zelizka
z 13./14 stoleti z druhého seskupeni obvall; nalez okolo roku 2007 z de-
tektorové prospekce Ferdinanda Berkiho z Olesnice. Kresba S. Plchova.
Fig. 6 b. Rozse¢ nad Kunstatem — Horni¢i. Two mining picks (“irons”)
from the 13th./14th. century from the second group of old mining works;
find around 2007 from the detector prospecting of Ferdinand Berki from
Olesnice. Drawing S. Plchova.

Hosak 1952, 1954, Placek 2001, Placek et Futak 2006, Bo-
lina 2005).

Horni dilo vzniklo v jiz osidlené a kultivované krajing,
s dotvarenou sidelni strukturou. Zna¢na vzdalenost okol-
nich vsi (Rozsece, Rozsicky, Crhova, Louky) dava opét
vyniknout hrani¢ni poloze banského arealu; spolu s rozmé-
fenim dilnich poli navozuje také moznost existence hornic-
ké osady ptimo u dolii. Alespon ¢ast otvirek byla ptivodné
situovana na olesnickém dominiu: podle jediné¢ dochované
pifimé pisemné zpravy z roku 1350 odkoupil Smil z Kun-
Statu ves Rozse¢ ,.kromé stiibrnych jam a Sachet, ztotoz-
nitelnych s dobyvkami na rozse¢ském Hornic¢i, pravé od
Jence z Lomnice (villam Rossecz ... preter foveas et fodi-
nas argenti; ZDO 1, 7, €. 153). JestliZe si Jenec ponechaval
uzitky, plynouci mu jako pozemkové vrchnosti podle jih-
lavského horniho prava i lus regale montanorum z vytézka
rozseCskych hor, mohla byt tehdy tézba jesté¢ povazovana
za (eventualng) perspektivni. Spise vSak Slo (obdobné ja-
ko u dilnich podnikii na blizkém Stépanovsku) o zajisténi
ziskl z ptipadné obnovené exploatace (srov. Dolezel et Sa-
dilek 2004, 81-87). Vétsina dulniho cechu vSak ziejmé od
pocatku ptipadala k izemi kunstatské Rozsicky; indikuji to
jak asymetricka skladba rozsicského katastru, tak némecka
mikrotoponyma, z¢asti pfimo montanni, dolozena v prosto-
ru mezi vlastni Rozsickou a banskym aredlem (Kumperek
—,,Zum Berg®, Frevize — ,,Freiwiesen®; srov. Tenora 1903,
141, MZA, D 9, sign. 2258).

Obnovenému dolovani na rozse¢ském Horni¢i na pielo-
mu 15. a 16. stoleti nepfimo nasvédcuje listina z 26. pro-
since 1502 (AC XVII, 24, &. 789). Hynek z Kunitatu a na
Polné, v té dobé¢ vlastnik spojené¢ho kunstatsko-lysického
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Obr. 7. Rozse¢ nad Kunstatem — Horni¢i. Keramické nalezy z povrchovych sbért (1: lesni plocha sz. od nejvychodnéjsi skupiny obvalt, 2—17:
pole navazujici na vychodni zakonéeni obvald). 1, 2: tuhova keramika druhé poloviny 13. stoleti, 3: okraj misy z 14. véku, 4-17: hrn¢ina posledni
tietiny 15. a prvé Ctvrtiny 16. stoleti. Kresba S. Plchova.

Fig. 7. Rozse¢ nad Kunstatem — Horni¢i. Ceramic finds from surface collections (1: woodland area NW of the easternmost group of shafts, 2—17:
field adjacent to the eastern end of the shafts).1, 2: graphite pottery of the second half of the 13th century, 3: rim of a bowl from the 14th century,
4-17: pottery of the last third of the 15th and first quarter of the 16th century. Drawing S. Plchova.

Obr. 8. Rozse¢ nad Kunstatem — Horni¢i. Slitky barevnych kovi (Foto K. Procka).
Fig. 8. Rozse¢ nad Kunstatem — Horni¢i. Alloys of non-ferrous metals (Photo K. Procka).
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panstvi, timto pofizenim dal svému stryci Vilémovi II.
z Pernstejna k volné tézb¢ a uzivani veskeré doly na stfi-
bro i jiné kovy, nachazejici se na obou statcich; rozsifeni
koncese i na lysické dominium se muze tykat pocatkt (ne-
bo vyzmahani?) dilnich dél na rudnim lozisku v Lacnové
u Lysic (srov. Maly 1999, Ziidkavesely 2022). Ozivené
horni prace, vedené tentokrat ziejmée plné v rezii Pernstej-
nd a na Horni¢i u Rozsece dolozené i archeologicky, mohly
trvat i v druhém decenniu 16. véku (AC XVII, 151-152,
¢. 942). Doklady pro dalsi obdobi vsak jiz chybéji.

DISKUZE A ZAVER

Vysledky terénni dokumentace, povrchového prizkumu
hornickych stafin i laboratorni vyzkum ziskaného mate-
rialu na rozse¢ském Horniéi prindseji k diskusi a dalsimu
studiu vice témat.

Mineralogickym problémem je vizualni vzacnost mine-
rald s Ag (galenitu, tetraedritu) v porovnani se znacnym
rozsahem dobyvek. Je samoziejmé mozné, Ze svrchni par-
tie loziska byly na rudni mineraly obecné bohatsi, nez jak
se nam to jevi dnes. Lze vSak uvazovat i o tom, zda stibro
nemohlo byt vazano i na tzv. stfibrné ¢erné — tj. druhotné
elektrolyticky vyredukované stiibro ¢i jiné Ag-mineraly.
Vzhledem k naprosto bézné piitomnosti grafitu na lokalité
bude vhodné tuto hypotézu v budoucnu jesté oveéfit.

Z pohledu montanistiky a archeologie jde zejména o pro-
blém odvodnéni celého dilniho dila, stejné jako o otazku
dobového hornického osidleni ptimo v arealu tézby. Znac-
ny rozsah otvirek a intenzita rozfarani loziska navozuje
moznost odvodnéni dobyvek jednou ¢i vice odvodnovaci-
mi Stolami, které pii splnéni piislusnych technickych nor-
mativl nabyvaly pravni status Stoly dédicné (srov. Zycha
1900). Smérovani rozsecské rudni akumulace napfi¢ plo-
chym sedlem efektivni zalozeni dédicné §toly pfimo v li-
nii rudni struktury prakticky znemoznovalo, do Givahy na
Rozseci ptfipadala patrné pouze razba Stoly ,,ptes skalu®,
z niz8ich tboc¢i bud’ od jihovychodu, nebo severozapadu.
O podfarani obou zapadnéjsich seskupeni stafin Stolou ze
severozapadni strany uvazoval Maly (1999), aktualné byla
zkoumana i moznost vedeni dédi¢né stoly od jihovychodu,
z prameniSté Petrivky. Ani jedna z obou eventualit vSak
zatim nebyla ovéfena, piipadné prokazani dédicné stoly na
rozse¢ském kutisti ziistava tikolem dal§iho vyzkumu.

Stejné tak muze jen dal§i prospekce bezpecnéji lokali-
zovat stopy hornického sidlisté pti dolech, které lze pred-
pokladat vzhledem k zfejmému rozméfeni dobyvek do tii
az Ctyft standardnich ,,sedmilanovych® dilnich mér, z nichz
kazda zakladala pravo na zfizeni Sestnacti svobodnych
obytnych arei (Zycha 1900).

Horni stafiny v trati Horni¢i u Rozsec¢e nad Kunstatem
nalezi k vibec nejlépe dochovanym arealim stfedoveké
t&zby drahych kovii v ramci celé Ceskomoravské vrcho-
viny, s moznosti detailn¢j$iho studia rozméteni dtlniho
cechu, prospekénich praci, postupti a technologie dobyvek
i navazujicich procest. Znacny rozsah banskych aktivit,
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dobové pisemné prameny i archeologické nalezy dovoluji
uvazovat o dvou zakladnich etapach exploatace loziska.
Zahajeni 1 primarni rozmach tézby v celém dochovaném
rozsahu je mozné zafadit do pribéhu druhé poloviny
13. stoleti, jeji doznivani pak ziejmé& do prvni poloviny
14. véku. K docasné obnove urcitych dilnich dél na Hor-
nici pak doslo zfejme na prelomu 15. a 16. stoleti, patrné
predevsim v nejvychodnéjsi ¢asti aredlu, s charakteristic-
kymi koncentrovanymi odvaly.

Lokalita mé& zna¢ny dal$i vyzkumny potencial, at’ jiz
jde o detailngjsi poznani dilni infrastruktury a organizace
praci, otazky spojené s moznou dal§i Gpravou a hutnénim
vytézenych rud ¢i s pfitomnosti stabilnéjsiho hornického
osidleni v ramci aredlu — dal$i vyzkumné aktivity jsou zde
proto planovany v letech 2023-2024. Svoji komplexnos-
ti dalni stafiny na rozsecském Horni¢i nesporné spliuji
i ptedpoklady pro zdkonnou pamatkovou ochranu.

SUMMARY

Remnants of early mining of polymetallic ores near
Rozse¢ nad Kunstatem are located at the eastern edge of the
Bohemian-Moravian Highlands, in flat terrain at the water-
shed, on an area of 4.5 ha, 1.0 km NNW from the municipal
office in Rozse¢ (Fig. 1). In 2022, the authors conducted
the first phase of a complex evaluation of the site: terrain
survey, surface archaeological investigation and laboratory
processing of ore samples.

Geologically, it is the northeastern edge of the Svratka
Dome, Moravicum, in the rocks of the Olesnice group,
mainly graphitic phyllites, smaller amounts of marble and
mica schist or gneiss cluster. Mineralisation is of two ba-
sic types: intercalated metasomatic, with predominant
sphalerite in marble, or veined in graphitic calcareous
phyllites. Among sulphides, sphalerite, galena and pyrite
are more commonly represented; tetrahedrite, bournonite
and chalcopyrite less macroscopically, arsenopyrite micro-
scopically. Galena and tetrahedrite are the main silver ores
at the site (Fig. 3; c. 15-17 wt. % Ag).

The old mine works follow a 630-metre-long ore-bearing
zone in roughly the ENE-WSW direction. Mine relics rep-
resented by series of buried shafts with piles are grouped in
four nearly separate units. These concentrations can proba-
bly be interpreted as individual mine fields measured on the
basis of medieval mining legislation (Fig. 2, 4).

Archaeological and archacometallurgical finds were
made by surface collections at the site. Slag (Fig. 5) is re-
corded in abundant quantities in the field in the immediate
vicinity of the eastern end of the preserved mine workings.
According to partial chemical analyses (pXRF), they are
characterised by higher contents of Zn (c. 1 wt. % Zn),
Pb (0.4 to 2.5 wt. %), Sb (55 to 852 ppm), Cu (0.1 up to
0.7 wt. %) and low Ag (X0 ppm) and As contents. Metal
ingots also come from the same locations (Fig. 8). Accord-
ing to preliminary analysis, one of the ingots (6 X 4 X 3 cm,
weight 155 g) is a Cu-Pb-Sb alloy. Another two smaller, flat
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ingots (weight 31 and 18 g) are made of Pb with a share of
Zn and traces of Sb, Ag and Cu.

With the help of metal detectors, a collection of mining
irons (44 pieces), together with a massive hammer, were
retrieved from the mining works near Rozse¢ (Fig. 6 a, b).
Archaic shapes, which can be dated to the 13th and 14th
centuries, predominate; only rarely are more advanced
tools typical for the late 15th century and the 16th centu-
ry recorded (Fig. 6 a: 2). Ceramic fragments from surface
collections in the eastern part of the site date to the second
half of the 13th century and earlier parts of the 14th century
(Fig. 7: 1-3), but mainly to the last third of the 15th century
and the beginning of the 16th century, including fragments
of stove tiles and bricks/floor tiles (Fig. 7: 4-17).

In the Middle Ages, the mining area near Rozse¢ was lo-
cated on the border of two domains, Kunstat and Olesnice;
according to the only surviving direct written report from
1350, Smil of Kunstat bought the village of Rozse¢ ‘except
for the silver pits and shafts’, from the Olesnice domain.
Renewed mining at the Rozsec deposit at the turn of the
16th century is indirectly indicated by a document dated
26 December 1502, which speaks of the transfer of rights
to free mining and the use of all mines for silver and other
metals in both domains.

The start and primary boom in silver ore mining near
Rozse¢ in its entire preserved extent can therefore proba-
bly be dated to the course of the second half of the 13th
century, with a decline in the first half of the 14th centu-
ry. A temporary renewal of mining apparently took place
at the turn of the 15th and 16th centuries, especially in the
easternmost part. The location is one of the best-preserved
areas of medieval exploitation of precious metals in the Bo-
hemian-Moravian Highlands, with the potential for a more
detailed study for measuring mine works, prospecting work,
mining technology and subsequent operations. Further re-
search activities are planned here in 2023-2024.
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Prisec¢nice v Krusnych horach (2016-2020)

Geochemical and archaeological survey of alluvia in the Prise¢nice mining district, Ore Mountains (2016-2020)
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Abstract: In this contribution, we present the results of an analysis of the concentration of microslags and scalings as well as As, Cu, Zn and Pb pollution

in the historical ore district of Pfise¢nice from 8 profiles in the alluvium of 4 small streams. The dating was based on radiocarbon dating of microchar-

coals. The amount of microslag well differentiates areas with different intensity of metallurgical activity. In the area, they are found already in the oldest

sediments from the 13th century. The human influence on metal contamination was analysed using the enrichment factor (EF), which takes into account

both the ratio of the concentration of an element to the normative Ti or Al, and the increase of this ratio compared to the local geological background.

We discovered a significant EF only in the centre of the area, where it newly indicates silver mining already in the 13/14th century and indicates a more

complex paragenesis of the upper parts of the deposits than what was assumed to date.

Key wors: ore mountais, alluvium, soil geochemistry, microslags, hammerscales, mediaeval mining

UvoD

Multidisciplinarni vyzkum aluvii v mikroregionu P¥i-
secnice

Hlavnim problémem montanniho vyzkumu (nejen)
v ¢eskych Kru$nych horach je stale jes$té nedostate¢na
evidence stfedoveékych a ptipadnych star§ich dtlnich d¢l
(Derner et Lissek 2018). Vedle extenzivniho plo$né¢ho
a povrchového archeologického prizkumu se nabizi jako
metoda identifikace a datace starého hornictvi a hutnic-
tvi interdisciplindrni vyzkum fi¢nich sedimentt — aluvii.
Tematicky zabér tohoto druhu vyzkumu na pomezi ar-
cheologie a pfirodnich véd je samoziejmé §ir§i a smétuje
k poznani interakce ¢lovéka a zivotniho prostfedi v mi-
nulosti v rdmci geo-archeologie (Stolz et Miller 2022).
Z logiky véci vyplyva, ze na daném odbérovém misté se
projevuji lidské aktivity a pfirodni déje z celého povo-
di dale proti proudu vodniho toku (vice ovSem nejbliz-
$iho okoli). Je tak mozna evidence minulych lidskych
aktivit v povodi i bez nelezeni jednotlivych, ¢asto dnes
jiz zaniklych, montannich provozi. Datace spoc¢iva na
dendrochronologii pfipadnych nalezenych diev, ¢i ra-
diokarbonové dataci nejlépe zuhelnatélych makrozbyt-
kt, pfipadné na finan¢né naro¢né metodé OSL (optical
stimulated luminiscence). Nevyhodou aluvii jako pfi-
rodniho archivu je nespolehliva datace v dusledku neli-
nearni sedimentace s Castymi pferuSenimi sedimentace,
¢i dokonce piipady obracené stratigrafie pfi odplaveni
a preneseni starSich sedimentd ptes mladsi, coz v pro-
stfedi meandrujicich potokt neni nic neoc¢ekavatelného.
Dale pak rizny stav dochovani ekofaktii v rizné zvod-
nénych vrstvach. V montanné archeologickém kontextu
byly takovéto vyzkumy v poslednich letech provadény

na Ceskomoravské vrchoving (Hruby et al. 2014; Hruby
2019, 194-199), ¢i v saském Krusnohoti (Tolksdorf et al.
2015; Tolksdorf et Bertuch 2018).

K provedeni tohoto druhu sondaze jsme pristoupili roku
2016 v ramci interdisciplinarniho vyzkumu stiedovékého
hornického mikroregionu Pfise¢nice v Krusnych horach
v preshrani¢nim Cesko-Saském montanné archeologic-
kém projektu EU ArchacoMontan (k vysledkim projek-
tu na Ceské strané: Derner 2018). Vedoucim vyzkumu
byl Petr Lissek z Ustavu archeologické pamatkové péce
Severozapadnich Cech, v. v. i. Cilem bylo dokumentovat
vyvoj prirodniho prostfedi pied a v dobé prvotniho lid-
ského zasahu, v dosud malo zkoumaném prostfedi pro
sttedoveké osidleni limitnich poloh hor. Sondovany byly
profily DOL1 a DOL2 na katastru ve 20. stoleti zaniklé
vsi Dolina na Hamerském potoce (dnes nespravné oznaco-
van jako horni tok Pfisecnice); profil na katastru zaniklého
mesta PfiseCnice na Stielnickém potoce; profil CP na ka-
tastru Cerného Potoka na Cerné vodé a pro srovnani Gisté
»zemeédelsky* profil VY'S na okraji sttedovéké pluziny vsi
Sobétice, dnes za méstem Vysluni na hornim toku Pruné-
fovského potoka (obr. 1). Dosud byly publikovany pouze
vysledky palynologické a archeobotanické analyzy (Ko-
¢ar et al. 2018), nikoliv soucasné provedené geochemické
analyzy. V roce 2019 meandrujici fi¢ka Cerna voda odkry-
la situaci s kmeny stromu lezicimi v nejnizsi vrstvé fi¢niho
profilu na jiznim, vysepnim biechu potoka v intravilanu ob-
ce Cerny potok. Domnivali jsme se, Ze by se mohlo jednat
o vzacny priklad kaceni primarniho lesa na pocatku lidské-
ho zasahu do krajiny. Zaci$tény a podrobeny multidisci-
plinarnimu vyzkumu byly zde dva delsi profily: CP1/2019
a CP2/2019. Pocatkem roku 2020 byly znovu zaciStény
¢i otevieny sondy z roku 2016 (s vyjimkou kopané sondy
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Obr. 1. Poloha environmentélnich odbérii na podkladu ZM 1:50 000 (OCUZAK).
Fig. 1. Location of environmental sampling points on topographical base map 1: 50 000 (© CUZAK).

v Kovarské, kterou se nepodafilo nelézt) za ucelem ode-
brani sedimentologickych vzorkd, které zpracoval Knut
Kaiser (Geoforschungszentrum Potsdam) a vzorkd na
analyzu mikrostrusek zpracovanych Krystofem Dernerem.
Evidentnim nedostatkem tohoto postupu bylo, ze za 4 roky
se meandrujici ficky u nékterych profilti vice zatizly do
biehu a nové odbéry tak jednoduse podle hloubky nelze
korelovat se star§imi archeobotanickymi nalezy.

V tomto piispévku predkladame vysledky vyzkumu mik-
roartefaktl, zejména mikrostrusek a geochemické analyzy
jilovité frakce sedimentt. Cilem této dil¢i ¢asti projektu by-
lo zjistit, zda jsme uvedenymi metodami schopni identifi-
kovat a datovat hornictvi a hutnictvi stfibra a zeleznych rud
v povodi jednotlivych potokd v historickém stiibrorudném
a zeleznorudném hornickém reviru Piisecnice.

ZKOUMANE UZEMi

Geografické vymezeni

Zkoumané izemi se nachdzi v hiebenové partii Ceské
¢asti Krusnych hor, na hranicich se Saskem, v nadmotské
vysce cca 720-900 m. Z morfologického hlediska patii
uzemi do Krusnohorské plosiny. Jeho povrch neni piili§
¢lenity, svahy jsou mirné. Morfologicky népadné vrcholy
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jsou tvoreny odolngjsimi horninami, jako jsou amfiboli-
ty, ¢edi¢e a skarny. Osu tvoti mélké udoli ficky Prise¢ni-
ce tekouci na severovychod a opoustéjici v Krystofovych
Hamrech Ceské uzemi se svymi levobieznimi ptitoky Ha-
merskym, Stfelnickym potokem, s pravobfeznim Pozarnim
potokem a dalsimi bezejmennymi piitoky; a dale paralelni,
na hornim toku vice seviené, udoli Cerné vody (62 Cerny
potok) vlévajici se jako dalsi levobtezni ptitok do Prisec-
nice v osadé¢ Schmalzgrube v Sasku. Prostor nékdejsiho
centra oblasti, méstecka Prisecnice a celé tdoli stejnojmen-
né ficky az ke KryStofovym Hamriim jsou dnes zaplaveny
vodami vodni nadrze Piisecnice.

Geologické poméry

Uzemi patii do geotektonické jednotky Krusné hory, dii-
ve znamé jako krusnohorské krystalinikum (soucast tzv.
Saxothuringica). Zkoumané Gzemi patii k horninam drive
vymezené piiseénické skupiny (Skvor, 1975; Sebastian,
2012) tvofené mezozonalné metamorfovanymi horninami
rizného piivodu a slozeni. Bazické horniny jsou ptivodné
sedimentarnim komplexem slidovych bfidlic, slidovych
rul, kvarcitt, drobovych rul a metakonglomerati. Velmi
hojné jsou vlozky karbonata, skarnt, amfibolitt a eklogita.
V tomto komplexu lezi télesa rulovych hornin vyvielého
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Obr. 2. Poloha environmentalnich odbért a rozsah jejich povodi na podkladu geologické mapy oblasti (podle Bohdalek et al. 2018, 83, obr. 31).
Fig. 2. Location of environmental sampling points and their water catchment area (WCA) on geological base map (after Bohdalek et al. 2018, 83, Fig. 31).

puvodu (dynamicky vzniklé granitoidni horniny) - ortoruly,
obklopené migmatity (obr. 2). Tektonicka stavba oblasti je
velmi slozita a vyznacuje se vétsim poctem megazahybu
a dislokaci. Mohutny komplex skladané ortorulové desky
s migmatizovanym obalem a parseriemi je slozen do struk-
turniho celku zvaného vrasa Kovarskda—Halze (Zemanek,
1959). Synklinorium je umisténo v oblasti mezi Velkym
Spi¢akem, Orpusem a Horni HalZi a antiklinorium v oblasti
Meédenec, Dolni Halze a R4jov. Kontaktni zéna mezi orto-
rulami a paraseriemi je narusena velkym poctem dislokaci
probihajicich kolmo na kontaktni linii. Osa vrasy Kovai-
ska—Halze klesa pod tthlem 20° k zapadu.

Metamorfované horniny v oblasti jsou slozeny z béznych
horninotvornych mineralti (kiemen, draselny zivec, sodno-
-vapenaty zivec, biotit, muskovit), li$i se pouze vzajemnym
pomérem (napf. kiemen a slida ptevladaji ve slidovych bfi-
dlicich, zivce v rule). Existuji vSak i horniny s vyrazné od-
liSnou mineralogii a geochemii ve srovnani s prevladajicim
horninovym prostfedim. Mezi tyto horniny patii predevsim
skarny (Srein 1992), &asteéné amfibolity (pokud obsahuji
né¢jakeé sulfidy) a zejména mineralizované liniové struktury
— rudni zily.

Jestlize jsou si vSechna povodi jednotlivych odbérovych
mist podobna geologickym pozadim, mohou se naopak

vyznamné liSit pfitomnosti téchto v minulosti tézenych
mineralizovanych téles a struktur, které se od sebe geo-
chemicky lisi (detailnéji Bohdalek et al. 2018). V oblasti
lze v zéasad¢ rozlisit nasledujici typy mineralizace: 1) Zilni
hydrotermalni loziska s tzv. pétiprvkovou formaci jachy-
movského typu (Ag-As-Bi-Co-Ni); 2) magnetitova loziska
skarnu; 3) magnetitova skarnova loziska s polymetalickou
mineralizaci; 4) kifemen - hematitovd hydrotermalni Zilni
loziska.

Déjiny osidleni, hornictvi a hutnictvi

Souvislé osidleni vrcholové ploSiny Krusnych hor na
Chomutovsku Ize podle soucasnych poznatkli datovat
nejdiive do druhé poloviny 13. stoleti (obr. 3). Tésné
je predchazely kolem poloviny stoleti zalozené sklarny
(Cerna 2016). Nejpozdéji ve druhé poloving 13. stoleti
je na starsi dalkové cesté do saského Zwickau zalozeno
méstecko Piise¢nice (Crkal et Volf 2014, Cerna 2014)
a piiblizné v téze dobé vznikaji i okolni zemé&d¢lské vsi.
Ze sedmdesatych let 13. stoleti pochédzeji hmotné dokla-
dy tézby stfibrnych a Zeleznych rud, jejichz nejplsobi-
véjsim dokladem jsou archeologicky zkoumané zaniklé
hornické sidlisté na tzv. Kremsigeru a zelezaiské huté
na Cerné vodé (Derner 2018¢; Crkal 2018, 162—188).
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Pisemné prameny se poprvé zmifnuji o tézbé stiibra
v okoli Sumburského poddanského mésta PrisecCnice
roku 1339 kdy mj. vymezuji kutaci obvod kolem Pii-
secnice na 4 mile (k listiné dochované jen v novové-
kém opisu blize Balasova et Burghardt 2014, k historii
sttedovékého dolovani Derner 2018b). Roku 1352 jsou
v lenni listing pro Sumburky na jejich panstvi poprvé
zminovany Zelezné hamry jako malleos minerarum fe-
rri (AC 11, 271, &. 226). Jejich archeologickymi poziis-
tatky jsou ¢etné struskové haldy na Cerné vodg. Stopy
sttedovékého hutnictvi stfibra oproti tomu nebyly dosud
nalezeny. Stfibrnd hut bez blizsi lokalizace je zmino-
véna poprvé pii prodeji panstvi Slikéim roku 1533. Po
roce 1544 byla nova hut postavena na misté star§iho
hamru pod Pfise¢nici (mistni ¢ast Na Dvote), které je
dnes pod hladinou piehrady (Crkal 2018, 148). Hlav-
ni etapou stfibrorudného hornictvi byla pravdépodobné
prvni polovina 16. stoleti, kdy Pfise¢nické panstvi pa-
tfilo Lobkoviciim a po r. 1533 Slikam (do r. 1545), ne-
bot’ vizitace ve druhé poloviné stoleti eviduji na vétsiné
znamych mist tézby prevazné jen velké mnozstvi stafin
(k novoveké etapé hornictvi a topografii dola Bilek et
al. 1976, Bohdalek et al. 2018, Ptibyl et Velebil 2019,
Miiller 2001, Miiller et al. 2015). Od 16. stoleti postup-
n¢ vzristal objem tézby zeleznych rud, coz se odrazi
i v zalozeni v potadi druhé vysoké pece v Ceskych ze-
mich v Kovarské a obnovou dal§ich hamru (spojenych
s hutémi) na Cerné vodé v Kovarské, Pleilu, Sorgenta-
lu a Krystofovych Hamrech. Oproti tomu mladsi etapy
tézby stiibra byly jen epizodické (na pocatku 18. stoleti
a na pocatku 19. stoleti).

PROFILY, JEJICH POLOHA, POPIS, DATACE

Podrobny popis profili z roku 2016 byl podan pii publi-
kaci archeobotanickych analyz (Kocar et al. 2018).

Profily na Cerné vodé

Povodi je charakterizovano intenzivni zelezarskou hut-
nickou ¢innosti ve stifedovéku 1 raném novovéku, s dodnes
dochovanymi struskovymi haldami z té€chto obdobi. Inten-
zivni tézba magnetitu a hematitu probihala na nejdolnéjsim
toku u osady Sorgental (dnes Cerny Potok), kde Cerna voda
(nazyvana téz Cerny potok) protéka mezi dvéma velkymi
skarnovymi ¢ockami. Je ale pravdépodobné, ze v udoli se
hutnily i rudy z jinych mist na Pfise¢nicku. Nepocetné sto-
ly sledujici zily kifemenné a fluorit-barytové s polymetalic-
kou mineralizaci a Ag rudami vétSinou neznamé datace se

nachazely hlavné na zdpadnim svahu Velkého Spi¢aku a na
hornim toku potoka. Rozsah téchto praci odpovida spise
experimentalni t€zbé (obr. 3).

Profil Kovarska (KOV). Jednalo se o kopanou sondu
v jizni Casti intravilanu stejnojmenné novoveéké obce na
levém biehu toku, pod hrazi ochranné vodni nadrze, v ni-
vé nekolik desitek metrl po proudu pod nékdejsi vysokou
peci postavenou po r. 1594 a uvedenou do provozu pied
r. 1600 (Kloub 2014, 112; Kloub 2016, 117-119). Dale
proti proudu a na piitocich Cerné vody na Kamenném
vrchu se nachazeji usti Stol zeleznorudného dolu Fran-
tiSek Serafinsky na kifemen-hematitovych zilach (Bilek
et al. 1976, 74); a dolu Michael na BlaZzejové vrchu, kde
byl té€Zen galenit a fluorit (Bilek et al. 1976, 33). Na bazi
profilu vysokého 143 cm se nachazela organicka vrstva
rozlozeného dieva odpovidajici snad myceni lesa v téch-
to mistech, ndsledovaly aluvidlni vrstvy jilovitopiscité az
piscitojilovité. Od nejnizsich vrstev se vyskytovaly hojné
uhliky a mezi makrozbytky synantropni druhy (Kocar et
al. 2018, 56-57). Datace byla inverzni: v hloubce 131—
139 cm 1645-1950 cal AD, ve vrstvé 89-95 cm 1256—
1285 cal AD. Stfedovéké datum ukazuje na lidské aktivity
starSiho data, nez jaké jsou zatim doloZeny pisemnymi
prameny, ¢i archeologicky.

Profil éerny Potok 2016 (CP/2016). Profil se nachazel
na levém biehu, 400 m po proudu od sttedovékého hamru
Pleil. Ten lze podle keramiky ve struskové vrstvé datovat
do druhé poloviny 13. az prvni poloviny 14. stoleti (Crkal
2018, 153—154). V pisemnych pramenech se objevuje jako
statek! poprvé roku 1431; jako hamr byl obnoven na kratko
po roce 1532; po roce 1617 zde byla postavena vysoka pec
a dvé stoupy (NA Praha, CG-L, inv. &. 145; Crkal 2018,
153; Kloub 2014, 111-113). Dale proti proudu lezela stie-
dovéka zelezatska hutnisté Stary zamek I a I (Crkal 2018,
162-188) a nekolik Stol ran¢ novoveke, pripadné i starsi
datace, a (minimaln¢) jedna stiedovéka s polymetalickym
zrudnénim — dil Goldloch (Crkal 2018, 381-385). Profil
v dob¢ nového popisu roku 2020 byl vysoky 210 cm. Od
180 cm niZe se nachazely aluvialni pisky, ve 165—180 cm
pisCito - organicka vrstva: gyttja?, pochazejici pravdépo-
dobné z horizontu myceni lesa, ve 115-165 cm aluvialni
prachové vrstvy, ve 75-115 cm technogenni oranzova vrs-
tva tvofena zelezitym vyluhem ze strusek, vyse pak dalsi
pis¢ité sedimenty a drn. Palynologicky, archeobotanicky,
geochemicky rozbor a radiokarbonova datace roku 2016
byly provadény z pudniho sloupce v hloubce profilu ca
107-194 cm.

1  Vzhledem k poloze uprostied lest a starsi i pozdgjsi historii se nepochybné jednalo jiz tehdy o hamr (Crkal 2018, 153)

2 Gyttja neboli sapropel je soucasny ¢i subfosilni koloidni sediment pevninskych vod, jemnozrnné struktury, s vyznamnym podilem organické hmoty
a ptimési mineralti o velikosti pisku az jilu. Vznika ve stojatych vodach zpravidla v anaerobnich podminkach rozkladem vodnich organismd, a or-
ganické hmoty zanesené do prostiedi z blizkého okoli. Jedna jeho facie: raselinny sapropel vznika zavodnénim raseliny a jejim rozkladem. Je hnédé
zbarveny, obsahuje rostlinné zbytky (Stankevica et al. 2016, 391,392, tab. 1).

98



Acta rerum naturalium, 28: 95-120, 2023 ISSN: 2336-7113 (Online), ISSN 1801-5972 (Print)

Obr. 3. Projevy hornické ¢innosti a struskové haldy v povodi Cerné vody na podkladu DMT vytvoteného na zékladé LIDARu v projektu

EU ArchaeoMontan.
Fig. 3. Old mining and slag heaps in the WCA of Cerna voda stream on base map: DTM created from LIDAR data under the EU Archaeo-

Montan Project.
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Datace profilu byla inverzni. Z hloubky 196198 cm by-
la ziskana datace 1424—-1468 cal AD, odpovidajici obdobi
prvni pisemné zminky o hamru; z mensi hloubky: 172—
178 cm datace 1287-1395 cal AD korespondujici s nalezy
keramiky ve struskové haldé¢ u hamru; nezuhelnatéld vé-
tev pfiblizné v téze vrstvé (170 cm) pak poskytla dataci
1075-1157 cal AD.

Profily Cerny Potok 2019 (CP1/2019 a CP/2019).
Vznikly zacisténim vychodniho, jesepniho biehu potoka;
lezely jen 11 m za sebou (obr. 4). Ze srovnani s mapou
z 1. 1842 vyplyva, ze odbérové misto se nachazi vychodné
od tehdejsiho toku; vodou tedy bylo znovu prorazeno az
v poslednich 150 letech. Profil 2 byl zacistén cca 100 m po
proudu pod nékdejsi ran¢ novovékou zelezarnou Sorgen-
tal, vzniklou v dosud neosidlené ¢asti udoli kratce po roce
1604. Pocatkem 17. stoleti sestaval provoz z vysoké pece,
dvou kovarskych huti s hamry, pivovaru, hospody, mly-
na a dvou obytnych domu (Kloub 2014, 112-113). V in-
travilanu novovéké osady Sorgentalu (dnes severni cast
obce Cerny Potok) se mély nachazet stiedovéké strus-
kové haldy (Crkal 2018, 154). Ke star$i etapé hornictvi
a hutnictvi, snad k hornicko/hutnickému sidlisti 1ze radit
i nalezy keramiky druhé poloviny 13. az 14. stoleti ve
svahu pod rozsahlym pinkovym polem Kreuziger ucing-
né cca 200 m vzdusnou carou proti proudu (Crkal 2018,
156-158). Doly na Kreuzigeru otviraly rozsdhlou skarno-
vou ¢ocku na levobiezi Cerné vody. P¥imo do naseho pro-
filu 2 ustilo odvodnéni $toly dolu Engelsburg? podsedajici

skarnovou ¢ocku na pravém biehu potoka. V obou télesech
byly v novovéku tézeny polohy s magnetitem a hemati-
tem, vzniklym pfeménou magnetitu ve skarnovém téle-
se, i v kifemen-hematitovych zilach. Pouze v dole Prinz
Friedrich Silberzeche (pozd¢jsi soucast spojené¢ho dolu
Engelsburg, vychodné od pinky Engelsburg) byla téZena
i vypli poruchy se stiibrnym zrudnénim (Bilek et al. 1976,
43-44; Velebil et Piibyl 2019, 175, 185, 186; Bohdalek et
al. 2018, 87, Miiller 2001, 14).

wl az w5 (obr. 5, 6). Mezi nimi se nachazely hojn¢ uh-
liky a odstépky dieva, néktera dieva byla ohofela, jina
opracovand. Dfeva 1, 3, a 5 byly pfirodni kmeny, dfevo
2 byl podéln¢ rozstipnuty a na konci Sikmo otesany kmen
s vybézky vétvi (obr. 7), dievo 4 byl otesany tram. Mezi
dievy byla ve vrstvé 1020 nalezena makroskopicka struska
(1 ks). VSechna dieva byly smrky. Vzhledem k neexisten-
ci validni dendrochronologické kiivky pro krusnohorské
smrky se dendrochronologicka datace vSech 13. odebra-
nych diev z obou profili nezdafila — a to jak dfev z baze
profilti, tak z dfevéného kandlu na profilu 2.4 Dvé dieva
z profild 1 a 2 jsme se pokusili datovat radiokarbonovou
metodou s kombinaci dat ze dvou vzdalenych letokruhti
metodou wiggle matching. Vybrana byla proto dieva s nej-
vice letokruhy: z profilu 1 to bylo dfevo w2 a letokruhy:
6/7 a 168/169. Vzhledem k tomu, Ze dfevo bohuzel nemélo
podkorni letokruh musime se spokojit s dataci post quem
pro interval 1047—1149 cal. AD. Stara datace je zarazejici,

Obr. 4. Paidorys situace odbéra CP 1/2019 a CP 2/2019 v intravilanu Cerného Potoka.
Fig. 4. Groundplan of profiles CP 1/2019 and CP2/2019 in the village of Cerny Potok.

3 Takto ji oznacuji Pfibyl a Velebil (2019, obr. 20 na s. 185).

4 Analyzy maji ¢isla Y8141-8153 (Kyncl 2020). Zprava o nespolehlivosti dosavadnich kiivek pro Kru$né hory byla v pfipojené e-mailové komuni-

kaci a byla téz sdélena autorovi i pozdéji T. Kynclem astné.
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Obr. 5. Fotogram profilit CP1/2019 a CP 2/2019.
Fig. 5. Photogrammetry of profiles CP1/2019 and CP2/2019.

Obr. 6. Harristv diagram stratigrafie v profilech CP 1/2019 a CP 2/2019.
Fig. 6. Harris diagram of profiles CP 1/2019 and CP2/2019.
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Obr. 7. PodéIné $tipané a dotesavané a na konci otesané smrkové dievo
w2 bylo radiokarbonové datované s pouzitim metody wiggle matching do
doby po 1047-1149 n. 1.

Fig. 7. Longitudinally split and hand-hewn spruce wood no. 2 was ra-
diocarbon dated to 1047-1149 AD (using the wiggle matching method).

snad ji lze pfi¢ist na vrub chybéjicim letokruhiim. Tuto
vrstvu miizeme interpretovat jako horizont myceni lesa
v téchto mistech, provadénému vsak jiz v prostiedi s pro-
bihajicim hutnictvim, ¢i kovafstvim proti proudu potoka.
Vyss§i vrstvy byly tvofeny jemnymi ficnimi sedimenty
s riznym podilem prachu a pisku a nalezy cetnych drob-
nych ulomkt dfeva a uhlikd. Z nich ulozeniny 1003 a 1005

obsahovaly hojné makroskopické kovaiské strusky a oje-
dinélou kvalitn¢ redukéné palenou vrcholné stfedovékou
keramiku s tmavosedym povrchem a svétleSedym jadrem
tzv. ,,blaugraue Ware* v oblasti typickou pro 13. a 14. sto-
leti (k mistni keramice nejnovéji Geupel et Hoffmann
2018, 118-121; Derner 2018¢c, 265-288; Crkal et Derner
2020). Tyto vrstvy vznikaly ve vodnim prostfedi v souvis-
losti s pokracujicim provozem huti a hamrt. Vrstva 1019,
rovnéz s makroskopickymi struskami, byla podle kerami-
ky jiz novoveka a jeji vznik souvisel s produkci vysoké
pece a hamru v 17. stoleti.

Profil Cerny Potok 2/2019 mél na bazi ve vrstvé 1004D
kmen stromu: w 7 (obr. 8, 9). Pravdépodobné odpovida ob-
dobné vrstvé 1020 z profilu 1. Soudobé bylo nejspis 1 dfevo
w 6 lezici ovsem na dné potoka, jiz pred profilem. Skaceni
tohoto dfeva s podkornim letokruhem bylo radiokarbonovou
metodou a za pouziti analytické metody wiggle matching
(letokruhy 5 a 81/82) datovano do intervalu let 1235-1280
cal AD, coz dobie odpovida ostatnim tvrdym datiim k po-
¢atku hornictvi a hutnictvi v oblasti ze 70. let 13. stoleti
(s jistotou z druhé poloviny 13. stoleti). Na profilu je patrné
postupné nartistani této vrstvy (2004D a 2004A) s riznym
podilem pisku a prachu ve vodnim prostiedi za reduk¢nich
podminek. Za jiz susSich podminek se ukladala i novoveéka
Sedohnéda vrstva 2004B s vétsim podilem hliny. Na ni leze-
la oranzova technogenni vrstva 2010A tvofena rozpadlymi
struskami spojenymi zelezitym vyluhem v kompaktni hmo-
tu. Nepochybné byla vysledkem ¢innosti novoveké zelezai-
ské huti. Do novovekych vrstev byl veden vykop 2704 pro
vydreveny kanal (konstrukce 2503), ktery by mohl souviset
s odtokem vody z huti. Novovéka keramika byla nalezena
i ve vyplni jeho zakladového vkopu, vné vlastni konstrukce.
Vykop 2701 by mohl byt Stolovym zafezem usti Stoly En-
gelsburg, zatimco vykopy 1702 s dievénou rourou a 1703
s kamennym kanalem budou souviset se zajisténim odtoku
dilnich vod po zasuti $toly. Tyto drenaze byly vedeny piimo

Obr. 8. Profil CP 2/2019 s patrnym ustim kamenného odvodiiovaciho
kanalu $toly Engelsburg.

Fig. 8. In profile CP 2/2019, the stone drainage channel of the Engelsburg
gallery is well visible.
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Obr. 9. Zapadni ¢ast profilu CP 2/2019 s vydievenym korytem, patrné
odtokového kanalu huti Sorgental.

Fig. 9. Western part of profile CP 2/2019 with wooden channel, probably
the outlet channel of the Sorgental smeltery .
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odvalem Stoly, jak dokladaji velké lomové kameny v hor-
nich vrstvach souvrstvi.

Profily v centralni casti prisecnickeho reviru

V povodi se nachazeji usti §tol vyznamnych doli na
polymetalickych zilach (obr. 10). V horni ¢asti povodi
Hamerského potoka (dnes na mapach chybné pojimané-
ho jako horni tok PfiseCnice) se nachazi skarnové téleso
Orpus. Strusky (novovéké nezelezné i nedatované zelezai-
ské) byly nad odbérovymi misty nalezeny jen sporadicky,
v mensim mnozstvi nez na Cerné vodé (viz niZe).

Profil Piise¢nice (PRI). Profil byl zadistén na levém
brehu Stielnického potoka (obr. 11). Misto se nachazi mezi
nizkym hibetem Keil(-berg) na severu a Scheibe(-nberg)
na jihu. Pod uvedenymi navr§imi byly tézeny polymeta-
lické zily fadou Sachet, odvodinovanych dédic¢nou Stolou
zvanou ptivodné Dreifaltigkeit (pozdgji Haus Osterreich)
zarazenou Vv intravilanu Pfise¢nice roku 1540. Profil lezi
cca 85 metri po proudu mezi odvalem sttibrorudnych dold
Harnischkammer na severu a Knacker na jihu. Dale proti
proudu ktizila udoli zila Caroli Boromei. V povodi se téZ
tézil magnetit a hematit ve skarnu v prostoru dolu Fischers
prokazatelné od 18. stoleti (Bohdalek et al. 2018, 87). Na
temeni navrsi Scheibe se na hranici povodi nachazi rov-
néz bezejmenné vetsi snizeniny nad Zilami Caroli Boromei
Gang Streichen, Unbekannten Gang Streichen a Fundgru-
ben Gang Streichen.

Profil byl vysoky 230 cm (220 cm roku 2020). Archeo-
botanické a geochemické analyzy byly provadény na pad-
nim sloupci az od 105 do 195 cm. Hornich 120 cm profilu
bylo tvofeno navezenou kamenitou haldovinou a drnem.
Haldovina tvoftila jakysi nasep, snad puvodné ndjezd na
dfevény mistek pfes potok. Na bazi profilu se v tmave
Sedé (jilovité) jemné piscité vrstvé (191-195 cm) vedle
jinych organickych dfevénych pozistatkl nachazelo jedlo-
vé drevo kulatého priiezu; dendrochronologicky se jej ale
nepodafilo datovats. Radiokarbonové datace uhliku z vrst-
vy spada do let 1270-1375 cal AD. Vyssi vrstvy byly pis-
¢itohlinité, rizné zabarvené. Z hloubky 179-185 cm byl
datovan zuhelnatély makrozbytek do intervalu 1279—1385
cal AD.

Profily Dolina 1 a Dolina 2 (DOL1 a DOL2). Nacha-
zely se v nivé Hamerského potoka’ mezi nizkymi hibety
Scheibe na severu a Hammerberg na jihu v misté nazyva-
ném Hammerle (od Hammerlehen, diky ptivodni pfislus-
nosti k hamru v zaniklé obci Dolina; k archeologii lokality
Crkal 2018, 139-141). Profil DOL2 se nachazel na levobie-
7i pfimo pod ¢elem odvalu §toly stiibrorudného dolu Maria

Kirchenbau, 50 m po proudu od stanovi$té rudné stoupy
patrné na Mashauerové montanni mapé z roku 1720 (NA
Praha, SMP, 899, B IV 4). Podél lesni cesty vedouci kolem
usti téchto dolti byly pfi terénni prospekci nalezeny na dvou
mistech nevelké kumulace strusky (kod DOL3 a DOLS51)
doprovazené stiedovékou keramikou druhé poloviny 13. az
14. stoleti. S nejvétsi pravdépodobnosti nejsou ptivodni, ale
byly sem ale transportovany z hamru v intravilanu Doliny
(DOLL1), patrné pii opravach cesty (Crkal 2018, 143). Vyse
proti proudu se nachazely na obou navrsich doly sledujici
polymetalickou tzv. Vismutovou zilu (Wismuthgang) a jesté
vyse na skarnové coéce osada a doly Orpus (dnes Mezilesi)
zminované jiz roku 1449 (NA Praha, DD 61, p. 366-367).
Pod Novou vizmutovou Stolou byla ve vzdalenosti 800 m
vzdusnou ¢arou od profilu DOL2 nalezena struskova hal-
da nezeleznych strusek vzniklych druhotnym pretavenim
starSich strusek doprovazend novovékou keramikou (kod
DOL21). O dalsich 200 m dale proti proudu byla pti povr-
chovém pruzkumu nalezena hrazka starsi blize nedatované
vodni nadrzky (nezachycené ale jiz na mapach z 18. sto-
leti), obsahujici zelezatrskou strusku (DOL23). Vyse proti
proudu se nachéazely nedatované zelezaiské strusky jiz nad
osadou Orpus (DOL 30). Dalsi struskové haldy mély byt
pouzity pii stavbeé hraze vodni nadrze v Orpusu roku 1908.8
Pisemné prameny zmiiuji stavbu (zelezarské?) huti v Or-
pusu az roku 1622 (Crkal 2018, 144). Profil DOL1 mohl
byt ovlivnén jeste Gstim Stoly Baumgartner na Hammer-
bergu a Sachtovym tahem Wenzel na Scheibe.

DOLL je zapadnim profilem kopané sondy, DOL2 vzni-
kl zac¢isténim vysepniho potocniho biehu. Zvrstveni obou
1 m vysokych profilti je velmi podobné. Hornich 50 cm
tvoii koluvium, prostfedni ¢ast aluvialni pisky a spodni
vrstvu organika. V profilu DOL1 se roku 2020 jednalo
o gyttju s dobfe dochovanymi vétvemi a Siskami na ba-
zi profilu roku 2016 byla na samé bazi profilu zachyce-
na jeste tenka vrstva s nerozlozenymi vétvemi a Siskami.
Datace je inverzni. Vrstva 96—100 cm mé v zasad€ novo-
veékou dataci 1450-1630 cal AD, vyssi vrstva 79—85 cm
1412-1445 cal AD.

V profilu DOL2 je pod gyttjou je od 85 cm nize do-
chovéna jesté vrstva malo rozlozené zraSelinéné vegetace
s dievénymi makrozbytky. Z této nizsi vrstvy (92-98 cm)
pochazi datace 420-552 cal AD a 922-1030 cal AD. Vrs-
tva by mohla podle archeobotanické analyzy byt pozustat-
kem ptvodniho lesa (Kocar et al. 2018, 54). V hloubce 85
cm, na rozhrani s vyssi vrstvou byla nalezena novoveka ke-
ramika. Tomu odpovida radiokarbonova datace z hloubky
68—74 cm (1667-1949 cal AD).

5 Prvni zminka o t€Zbé na lozisku je z roku 1706, kdy zde byl v provozu dil Johannes am Berg (Miiller 2001, 87)
6  Vzorek MA: 165211, MAD: 712. Dataci diev z profilii z roku 2016 provadel T. Westphal z Curt Engelhorn Zentrum Mannheim. VSechny vysledky

byly negativni.
7  Namapach dnes chybné veden jako Piisecnice.

8  Zrusena byla kvili kontaminaci tézkymi kovy v 90. letech 20. stoleti.
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Obr. 10. Projevy hornické ¢innosti a struskové haldy na Stielnickém potoce a Hamerském potoce (ozna¢eném na mapé v souladu s dne$ni
nomenklaturou jako Pfise¢nice). Na podkladu DMT vytvoreného na zakladé LIDARu v projektu EU ArchacoMontan.

Fig. 10. Residues of mining and slag heaps in the WCA of Stelnicky potok and Hamersky potok streams (the latter is named Ptise¢nice on
the map, according to the current nomenclature). The base map is DTM created from LIDAR data under the EU ArchacoMontan Project.
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Obr. 11. Profil Piise¢nice byl v horni ¢asti tvofen haldovinou. Spodni alu-
vialni vrstvy datované do stfedovéku byly kontaminovany tézkymi kovy
v dusledku tézby polymetalickych lozisek.

Fig. 11. The upper part of the Pfisecnice profile was formed of mining
heap material. The lower, alluvial layers, dating back to mediaeval times,
were contaminated by heavy metals as a result of mining polymetal ore
deposits.

Profil Vysluni na Prunérovském potoku

Profil Vysluni (VYS) byl zacistén a vzorkovan jako za-
stupce Cisté agrarniho kontextu. Nachazi se na severnim
bfehu Prunéfovského potoka v takzvaném Hadim udoli,
pod novovékou pilou a tésné pod zacatkem nahonu novo-
veékého mlyna Fleckelmiihle leziciho dale po proudu. Od
jihozapadu sem dobihaji mezni pasy nalezici ve stiedovéku
pluziné vsi Sobétice. V novoveéku bylo do pluziny Sobé-
nachazi az nékolik set metrti dale po proudu. 1 m vysoky
profil sestaval od 60 cm nize z prachové a na bazi pisci-
té Sedé vrstvy, datované v hloubce 86-92 cm do intervalu
1266—1293 cal AD. Vyssi vrstvy, s vysokym obsahem diev
jsou novoveke (v hloubce 56—62 cm datované 1463-1633
cal AD). Mohou souviset s ¢innosti pily.

ANALYZA KOVARSKEHO A HUTNICKEHO OD-
PADU

Metoda

Makrostrusky vétsi nez 3 cm viditelné pii zaciStovani
profilu byly odebirany v terénu. Vzorky sedimentli z vybra-
nych vrstev byly odebirany v mnozstvi 0,25-6 1. Mokrym
sitovanim byl oddélen sediment s Casticemi vEétSsimi nez
0,5 mm, z jemnéjsi frakce byly magnetem jesté¢ v mokrém
stavu extrahovany magnetické castice (srv. Houbrechts et
al. 2020). Po ususeni byla hruba frakce rozdélena sitova-
nim na ¢astice o velikosti 0,54 mm, 4-8 mm a nad 8 mm.
Z castic nad 4 mm byly strusky vybirdny a pocitany bez
pouziti optiky. Vzhledem k malému mnozstvi strusek této
velikosti byly tyto dvé velikostni kategorie pii vyhodno-
ceni slouceny do jedné. Z frakce 0,54 mm byla pomoci
magnetu s odtrhovou silou 160 kg extrahovana magneticka
frakce. Strusky byly pocitany pomoci optického mikrosko-
pu v odrazeném svétle pii zvétseni 1 x 20 v 5 ml objemu
susené magnetické frakce a v 5 ml nemagnetické frakce,
pokud to mnozstvi materidlu umoziovalo. Pocet strusek
byl pfepocitan na 1 | ptivodniho mokrého sedimentu. Pfi-
tomnost globularnich a plochych okuji byla pouze evido-
vana, vzhledem k jejich zanedbatelnému mnozstvi. Rovnéz
pritomnost mikrostrusek v magnetické frakci mensi nez
0,5 mm byla hodnocena pouze semikvantitativné. Vzhle-
dem k tomu, ze jejich vyskyt kopiroval ¢etnost nadsitovych
strusek do vysledkl je nezahrnujeme. Vybrusy a chemicka
analyza nebyly zatim provadény.

Nalezy

Makrostrusky mély max. rozmér 3 az 13 cm, pramérné
7 cm. 5 z nich bylo zlomky plankonvexnich ttvart — tzv.
PCB — plano convex bottoms (Pleiner 2006, 112—-120),
zbytek (28 ks) beztvaré struskové kolace. Povrch byl rzi-
v¢ pisCity, hrbolaty, na lomu byly siln¢ porézni. Jedna se
o typické kovaiské strusky (obr. 12/3). Struska z nejnizsi
vrstvy 1020 z profilu Cerny Potok 1/2019 byla napé&néna,
siln¢ porézni, lehka, sklovita, bila az Sedobila (obr. 12/1).
Pochazela nejspis z natavené stény pece ¢i vyhné.

V sedimentech byly prokazany sklovité porézni mik-
rostrusky: bilé, ¢erné a modré barvy, vétSinou zastizené
v magnetické frakci (obr. 13/5). Tyto sklovité faze strusek
byvaji pfitomny jak v kovaiskych, tak v hutnickych strus-
kach. Sporné byly ohlazené zlomky rzivé pisc€itého povr-
chu v magnetické frakci, které mohly predstavovat zlomky
zvétralych kovarskych strusek. Kovarske, hutnické strus-
ky z pfimé vyroby Zeleza a vysokopecni, a dale strusky
vznikl¢é natavenim stén jsme v takto malych zlomcich ne-
byli schopni rozlisit. Dodate¢né jsme se pokusili drcenim
makroskopicky dobfe urcenych strusek ziskat pro pristi
srovnavani referenéni vzorky. Hutnicka struska ze Staré-
ho zamku dala porézni zlomky kovového vzhledu (obr.
12/2); kovaiska struska z vrstvy 1003 z profilu Cerny Po-
tok 1/2019 poskytla obdobné mikroartefakty (obr. 12/3),
jen vice rzivé; sklovita struska z vrstvy 1020 z Cerného
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Obr. 12. Strusky z povodi Cerné vody a z nich experimentalng vytvoiena drt’. 1: napénéna lehka struska z profilu
CP 1/2019 (stiedoveka vrstva 1020); 2: hutnicka zelezai'ska struska ze stfedovékého hutnisté Stary zamek II (sbér
z haldy); 3: amorfni patrné kovarska struska z profilu CP1/2019 (stfedovéka vrstva 1005).

Fig. 12. Slags from the WCA of the Cerna voda stream, and rubble experimentally made from them; 1: light foamy
slag from profile CP 1/2019 (mediaeval layer 1020); bloomery iron slag from mediaeval smelter Stary Zamek II (find
from the surface of a slag heap); 3: amorphous, probably smithing slag from profile CP1/2019 (mediaeval layer 1005).

Obr. 13. Mikrostrusky a okuje: 1: sklovita kulicka; 2: globularni okuje; 3: platkova okuje; 4: sklovity platek;
5: mikrostrusky.

Fig. 13. Microslags and hammerscales: 1: glassy globule; 2 globular hammerscale; 3: flake hammerscale; 4: glassy
flake; 5: microslags.
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Obr. 14. Priklad recentnich platkovych okuji vzniklych u stanku umélec-
kého kovare.

Fig. 14. Example of recent hammerscales, originated at the stand of a craft
forger.

Potoka se rozpadala na kostrovité sklovité porézni zlomky
nejlépe odpovidajici nejvyraznéj§im naleziim ze sedimen-
td (obr. 12/1). Jasné€ svétle modré strusky by mély pocha-
zet z vysokych peci.

Ojedinéle byly nalezeny platky kovového vzhledu, které
mohou byt plochymi okujemi a to ¢isté hladkymi ¢i s bubli-
natym povrchem (srv. Dieudonné-Glad et Conte 2011, 5-6;
Pleiner 2006, 110-111) (obr. 13/, obr. 14). Vzhledem kovo-
vé kuli¢ky jsou globularni okuje vzniklé roztavenim rych-
lym ztuhnutim kovu pfi kovani (obr. 13/2). Nekovovym
technogennim nalezem jsou sklovité kulicky nazelenalého
az ¢erného zbarveni primeéru 1-4 mm a tenké sklenéné plat-
ky s tmavym povrchem (obr. 13/1, 4). Domnivame se, zZe
vznikaly podobné jako kovové globularni okuje roztavenim
a rychlym zchladnutim hmoty pfi uderu kovarského kla-
diva, ¢i kladiva hamru na povrch kovanych predméti, na
rozdil od pravych okuji v§ak jsou tvofeny roztavenym kie-
menem z pisku pouzivaného jako tzv. flux: posyp povrchu
kovanych predméti, ktery je mél chranit pfed nezaddouci
oxidaci (k procesu vzniku kovaiského odpadu Mc. Donnel
1991). Druhym moznym procesem jejich vzniku je vytlou-
kani strusky z Zelezné houby v tzv. primarnim kovaistvi,
které ve sledované dobé probihalo nejspisSe v hamrech.
Struska se pii uderu mohla roztavit opét za vzniku vice ¢i
mén¢ sklovitych kuli¢ek (Jouttijarvi 2009, Houbrechts et
al. 2020). Tyto nalezy dokladaji ptivod doty¢nych vrstev
v kovarském/hamernickém prostiedi. Faktem ovSem je,
ze hamry a kovarny byly ¢astou soucasti huti, takze u do-
provodnych strusek nelze vylouéit ani jejich hutnicky put-
vod. Mimoto byly zachyceny téz mikroskopické zlomky

artefaktl jako keramiky, skla a cihel, které pomahaji k da-
taci vrstev.

Vysledky a jejich interpretace

Pozoruhodné je, ze strusky se nachéazely v kazdém z pro-
fild, a to i v téch, kde makroskopicky nebyly patrné. To
dokazuje velkou citlivost metody. Jednotlivé profily se nic-
méné vyrazn¢ odliSovaly co do nasyceni vrstev mikrostrus-
kami (obr. 15).

Vsechny tfi profily na Cerné vodé: CP/2016, CPI1
a CP2/2019 obsahovaly tadové desitky az stovky strusek
rziveé piscitych vrstvach v horni ¢asti profilti se jednalo jiz
o fadoveé tisice az desitky tisic. Tyto sedimenty byly tvore-
ny prakticky Cistou struskovou drti stmelenou na profilech
2/2019 a 2016 zelezitym vyluhem v pevnou hmotu. Profily
CP1/2019 a CP2/2019 se nachézeji 100 m po proudu pod
novoveékou huti Sorgental stavénou parn¢ v misté starsi
zaniklé stfedoveké huti. Profil CP 2016 400 m po proudu
pod stiedovékou huti v tzv. Pleilu obnovenou v novovéku.
Rozdil mezi obéma misty je v podilu makrostrusek, které
byly pozorovany jen v Sorgentalu, zatimco z hamru Pleil na
uvedenou vzdalenost jiz nebyly vodou transportovany. Na
druhou stranu Zelezita technogenni vrstva je patrna na obou
profilech, struskova drt’ se tedy v obou piipadech v povodi
hromadila. Mnozstvi mikrostrusek a nalezy strusek jiz ve
sttedovékych vrstvach v profilu CP1/2019 potvrdily exis-
tenci star$i huti a soucasnost myceni lesa a hutnické ¢in-
nosti na pocatku dokumentovaného lidského zdsahu. Na
hutnictvi a/nebo kovarstvi ukazuje i selektivné zvySené
zastoupeni vyhfevného buku mezi uhliky (Kocar et Koca-
rova 2022), ktery nepatii k dfevinam piimo z nivy ani mezi
bézné konstrukeni dievo. Technogenni vrstva v horni ¢asti
profilu CP/2016 by mohla souviset s obnovenim ¢innosti
huti v Pleilu v novovéku.

Profily na Hamerském potoku obsahuji strusky v fadu
jednotek (DOL1) az stovek (DOL2) s vyskytem uz v nej-
nizsich vrstvach. Je to citelné méné nez pod hamry na Cer-
né vodé. Zdrojem strusek mohly byt strusky zavlecené do
krajiny podél cesty, ¢i vyse proti proudu ulozené struskové
haldy. Nelze vyloucit, ze nalezy strusek souvisi s ¢innosti
dilni kovarny u dol Baumgartner a Maria Kirchenbau
nachazejicich se bezprostiedné u profilu DOL2. Piekva-
pivé je ale v profilu DOL2 méné¢ strusek nez ve vzdale-
n&jSim DOLI1. Profil DOL 1 je datovan inverzné, datace
vyse ulozeného uhliku do prvni poloviny 15. stoleti ale
preci jen doklada lidskou ¢innosti proti proudu jesté ve
sttedovéku a datace je i v souladu s pisemnymi zminkami
o tézb¢ na Orpusu lezicim na témze vodnim toku.® Nejniz-
§i vrstva profilu DOL2 se utvarela zfejmé dlouhou dobu
(viz radiokarbonova datace baze vrstvy do doby stéhovani

9  Na rozdil od strusek u uhlikti velkou vzdalenost profilu od Orpusu jako problematickou nevidime, protoze uhliky jsou leh¢i a mohou plavat na

hladiné i dosti daleko.
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Obr. 15. Pocet mikrostrusek a pfitomnost okuji v jednotlivych profilech a vrstvach.
Fig. 15. Numbers of microslags and occurrence of hammerscales in individual profiles and layers.
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narodi a jeji rozhrani k dalsi vrstvé jiz do novoveku). Ne-
lze tedy potvrdit ani vyloucit, zda se v ni strusky zacaly
objevovat jiz ve stfedovéku. Pivod nevelkého mnozstvi
strusek v dulni kovarné je pravdépodobny i pro profil PRI
na Stfelnickém potoku datovany do stfedovéku. Geoche-
mické analyza ale nevylucuje ani hutnéni stfibrnych rud.
Kazdopadné jsou tato zjisténi dulezitou indicif sttedoveké
tézby na tomto toku.

Beze strusek je podle ocekavani stiedovéka cast profilu
VYS na Prunétovském potoce, kde hornictvi neni dolozeno.

GEOCHEMICKA ANALYZA SEDIMENTU

Metoda

Roku 2016 byly analyzovany vzorky z jednotlivych vrstev,
na které byly do plechovych krabic odebrané ptidni sloupce
rozdéleny pro ucely palynologie a makrozbytkové analyzy.
Odbéry z profil roku 2019 (CP1/2019 a CP2/2019) byly
provadény bodové z vybranych vrstev piimo z profilu. Ana-
lyzovéna byla jilova frakce (< 0,1 mm). Po suseni a homo-
genizaci byly vzorky méfeny stacionarné umisténym pXRF
v laboratoti CGS v Praze (tab. 1).

Obsahy vybranych stopovych prvkl v geochemickych
profilech jsou znazornény pomoci kiivek faktorit obo-
haceni (Enrichment Factor, dale jen EF), které vyjadiuji
pomér obsahu jednotlivych prvkl ve vzorcich ve vzta-
hu k jejich regiondlnimu geochemickému pozadi. Faktor
obohaceni (EF) v kovech je indikator pouzivany k po-
souzeni pfitomnosti a intenzity akumulace antropogen-
nich kontaminantti v sedimentech nebo ptidé. Tento index
vyjadiujici stupen antropogenni kontaminace se vypocita
normalizaci pomoci poméri obsaht referencniho prvku
k antropogennimu kontaminantu vztazenému ke stejné-
mu pomeéru pro regiondlni geochemické pozadi. Faktor
obohaceni (EF), ktery reprezentuje hodnotu moznych
prirastkl sledovanych antropogennich kontaminanti ve
srovnani s pfirozenou koncentraci v povrchové vrstvé
pomoci nasledujici rovnice: EF = [Xvzorek/Yvzorek] /
[Xn/Yreg] (Wu et al. 2014; Muzerengi 2017), kde X je
koncentrace prvku ve vzorku; Xn je koncentrace prvku
odpovidajici koncentraci v mistnim pozadi, Y je obsah
referencniho prvku ve vzorku a Yreg je obsah referenc-
niho prvku v mistnim pozadi. Jako referencni prvek pro
normalizaci je nutno zvolit prvek, jehoz obsah je vazan
pouze na horninové pozadi a produkty zvétravani hornin
v sedimentech. Typickymi prvky pouzivanymi v mnoha
studiich jsou hlinik, titan, yttrium nebo rubidium. Vzhle-
dem ke zvolené analytické metodé i dostupnym datim
z literatury pro horninové pozadi byl pro tuto praci zvo-
len hlinik. Pro profily CP1/2019 a CP2/2019 byl pro
normalizaci zvolen titan, protoze hlinik nebyl v téchto

vzorcich analyzovan. V nasi oblasti jde o prvky vazané
vyhradné na horninové prostiedi, jejichz obsahy vykazuji
ve vSech zkoumanych slozkach (horniny, mineralizovana
télesa, strusky, analyzované sedimenty) nejnizsi koefi-
cient variability ze vSech prvkl a vyznamnou mérou se
podili také na slozeni minerald tvoticich jilovou frakci
sedimentd, kterd byla chemicky analyzovana. Za antro-
pogenni kontaminanty byly vybrany prvky, které maji
pfimou souvislost s tézbou stfibrnych rud z mistnich
hydrotermalnich Zzilnych lozisek (Bi-Co-Ni-As) a s je-
jich hutnickym zpracovanim - arsen, zinek, olovo, méd.
Stiibro bylo v naprosté vétsiné vzorki pod detekénim li-
mitem a jeho obsahy tedy nemohly byt pro ucely studie
pouzity. Dalsi dulezitou vlastnosti zvolenych prvki je
jejich relativné nizka mobilita v sedimentech, nebot’ jsou
prevazné sorpéné vazany na jilové mineraly.

Charakteristické obsahy stopovych prvka pro regio-
nalni horninové pozadi byly pievzaty z prace Kofistkovy
(1991; tab 1)!0 (tab. 2). Pro srovnani byly analyzovany
i strusky zelezatské a z hutnéni nezeleznych kovu a skar-
ny lokéalni provenience, tato data byla ziskdna v ramci
projektu ArchacoMontan2014 a ArchaecoMontan2018
(tab. 3-5, obr. 16). Pro geochemickou analyzu profilu je
znalost obsahu stopovych prvkd v geochemickém (hor-
ninovém) prostiedi zdjmové oblasti i geochemie minera-
lizovanych struktur (lozisek) zdsadnim faktorem, stejné
jako hranice spadového povodi pfislusné sondy. Jen tak
mohou byt vylouceny vlivy ptirodnich faktor na zvyseni
EF v aluvidlnich sedimentech a chybna interpretace vy-
sledk.

Ve studii bylo stanoveno pét kategorii hodnot EF, které
postihuji intenzitu kontaminace (Sutherland, 2000) takto:

* EF <2 je nedostatek k minimalnimu obohaceni
* EF 2-5 je mirné obohaceni

» EF 5-20 pfedstavuje vyznamné obohaceni

* EF 20-40 je velmi vysoké obohaceni

* EF > 40 je extrémné vysoké obohaceni

Vysledky a jejich interpretace

Mezi jednotlivymi profily jsou vyrazné rozdily v hodno-
tach EF (faktor obohaceni — viz vyse) pro sledované prvky
(obr. 17, 18, 19). Stejné tak se 1isi absolutni hodnoty EF pro
jednotlivé prvky v ramci jednoho profilu, ale jejich lokalni
maxima se nachazeji pfiblizné ve stejné hloubce profilu.
Vétsina profild, az na 3 (PRI, DOL1 a DOL2) ma piekva-
pive nizké hodnoty faktoru obohaceni (<5), a to i v mistech
nevyraznych lokalnich maxim.

Z geochemického hlediska byly nejzajimavéjsi vysled-
ky zjistény v profilech PRI, DOL1 a DOL2. Jejich po-
vodi zahrnuji uzemi centralni ¢asti stiibrorudného reviru

10 Data zahrnuji 9 vzorki biotitu nebo biotiticko-muskovitické ortoruly, 11 vzorkd pararuly (2 slidy, biotit), 7 vzorkt piechodové horniny slidové

bridlice-pararuly a 8 vzorku slidové bfidlice (nékdy s granatem)
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v Ptisecnici. Lozisko patii do skupiny hydrotermalnich
zilnych rudnich lozisek tzv. pétiprvkové formace ja-
chymovského typu (Ag-As-Bi-Co-Ni). Predpokladame,
ze hlavni stiibrnou rudou byl pravdépodobné argentit.
Mezi rudy patfily také uslechtilé stiibrné rudy (sulfosoli
stfibra), které tvoii agregatové srusty s arsenidy Ni(Co)
i bismutem. Lokalné jsou pfitomny také bézné sulfidy —
zejména pyrit a sfalerit; chalkopyrit, galenit se vyskytuji
pouze fidce.

Z geochemického hlediska nejzajimavéjsi a velmi na-
zorny je zejména profil PRI. Vyrazné jsou v ném kiivky
EF arsenu a olova, jejichz lokalni maxima dosahuji vyso-
kych hodnot (> 20) a velmi dobfe tak indikuji antropogenni
ovlivnéni profilu v konkrétni hloubce. V profilu PRI vytva-
feji hodnoty EF arsenu 3 zfetelna lokalni maxima s hod-
notami EF vy$§imi nez 20 (oznaéena 1, 2, 3 - viz obr. 19),
pouze maxima 2 a 3 jsou doprovazena také zvySenymi hod-
notami EF olova. Vyrazné zvySena hodnota (>20) olova je
pouze u vrcholu 3. Maxima EF zinku nejsou pfili§ vyrazna
(EF v rozmezi 5-10) a vyskytuji se pouze spolu s maximy
2 a 3 arsenu. Zvysené hodnoty EF médi (max EF 10) by-
ly zjistény také v oblasti maxima 3, obsah médi byl jinak
v ostatnich ¢astech profilu a také v jinych profilech pod de-
tekénim limitem. Hodnoty EF v profilech DOL1 a DOL2
jsou nizsi nez v profilu PRI, lokdlni maxima sledovanych
prvki, zejména As se vyskytuji v mistech ¢asove sousled-
nych s profilem PRIS.

Je zfejmé, Ze geochemicky zdznam téchto tii profilt
vyjadfeny pomoci kiivky hodnot EF odpovida ptfedpo-
kladdanym dvéma hlavnim etapam tézby a zpracovani rud
v povodi ve 13./14. stoleti a v 16. stoleti, jak naznacuji
lokalni maxima EF ve vztahu k dataci vzorki v jednot-
livych profilech. Charakteristicky je pribéh kiivky EF
arzénu. Nejvys$si hodnoty EF arzénu v nejstar$im ob-
dobi odpovida skutecnosti, ze prvni otvirka rudnich zil
zasahla supergenni zonu obohacenou arzénem uvolné-
nym z arzenidud, ktery je v této zoéné casto vazan sorp-
ci na jilové minerdly. Vyznamné maximum ktivky EF
arzenu v obdobi odpovidajicimu 16. stoleti lze pficist
zmahani starych zabofenych dél s jilovitymi sedimenty

nabohacenymi tézkymi kovy a usazenymi v dalnich
dilech a v kombinaci s otvirkou nové nalezenych rud-
nich zil. Cast kontaminace arzénem miize také souviset
s prazenim rudy, které bylo nutno pouzivat pro Ag rudy
s veétsi pifimesi arzenidi. EF olova ma lokdlni maxima
v profilech PRIS a DOL2 v rznych hloubkach profilu,
coz muze souviset s pfemisténim hutnickych provozi na
rtizna mista, nebot’ oba profily maji sva povodi v oblasti
loziska Pfise¢nice, avSak na jinych tocich a kontaminaci
PDb lze spise pricitat hutnické ¢innosti nez samotné otvir-
ce a tézbé loziska.

Ostatni profily nevykazuji Zadnou vyznamnou varia-
bilitu EF kfivky. EF jsou obecné nizké, vétSinou nepie-
kracuji hodnotu 5, zadny vzorek pak hodnotu 10. Navic
zde nejsou zadné vyrazné piky. To je pfekvapivy vysledek
v profilech KOV 1, CP/2016, CP1/2019 a CP2/2019, které
se nachdzeji na biehu potoka Cerna voda. Na toku se na-
chazely vyznamné zelezarny a hut¢, které byly v provozu
od 13. do 19. stoleti a na nékolika mistech v bezprostied-
ni blizkosti koryta zustaly dodnes velké haldy hutnické
strusky. V povodi byly experimentalné tézeny i kiemen-
né a fluorit-barytové zily s moznou, ale pravdépodobné
neekonomickou polymetalickou mineralizaci stfibrnymi
rudami. Z geochemického hlediska predstavuji zelezarské
strusky geochemicky fadni materidl (viz tab. 4), oproti
horninovému pozadi popt. skarnovym hornindm v nich
sice dochazi k obohaceni stopovych prvki pii tavném pro-
cesu, ale ty jsou vazany v silikatové skloving, odkud se
chemicky neuvoliuji. Prizkumné a tézebni ¢innost byla
v oblasti spadového povodi malého rozsahu, neovlivnila
aluvialni sedimenty.

Zhruba uprostied profilu KOV je mirn¢ zvysené EF olo-
va 1 zinku, které vSak netvoii zadné zietelné lokalni ma-
ximum. Tento zdznam muze byt interpretovan jako odraz
banské ¢innosti na lozisku polymetalickych rud v oblas-
ti Blazejova vrchu (stfibronosny galenit na dole Michal)
popt. starSich tézebnich pokusti v oblasti novodobé tézené-
ho loziska fluoritu Kovarska — U nadrazi (rovnéz s pfimési
polymetalickych rud).1t

11  Epizodické hutnéni kovii z polymetalickych lozisek mohlo probihat v médéném hamru, ¢inném v Kovarské nakratko por. 1617 (Kloub 2014, 112).
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Tab. 1. Obsah vybranych prvki ve vzorcich (v ppm).
Tab. 1. Content of selected elements in samples (in ppm).

Cerny Potok 1/2019 (vzorky CPSO-1) Cerny Potok 2/2019 (vzorky CPSO-2)

Kovai'ska (vzorky Kov)

vz. | hl (cm) Ti Ag | Cu| Zn | As | Pb vz. | hl (cm) Ti Ag | Cu| Zn | As | Pb vz. | hlL (cm) Al Ag | Cu| Zn | As | Pb
1.7 3240 3379 X 70 | 245 | 33 50 2.6 40-60 5454 X 39 | 261 | 33 62 1 1 66 397 463 | 32 63
1.6 | 40-56 | 3415 x | 43 1273 73 | 50 2.5 60-80 6234 | x | 44 [256] 26 | 71 5 5 70 904 293 | 37 | 69
1.5 | 56-58 | 3523 x | 33 1230 34 | 47 2.4 80-90 2817 | x | 83 [204 ] 22 | 46 10 10 74 090 318 | 38 | 75
1.4 | 5865 | 3774 | x | 49 | 231 | 84 | 121 2.3 | 90-120 | 4795 x | 71 | 374 38 | 118 15 15 75 789 291 | 36 | 79
1.3 65-83 3379 X 41 | 266 | 22 57 2.2 | 120-160 | 3656 X 96 | 418 | 59 88 20 20 78 238 367 | 41 86
12 3343 X 41 1269 | 31 59 21 160-180 | 4016 X 81 | 372 58 | 152 25 25 74 958 29 | 324 | 43 79
11 3598 x | 62 | 361 | 46 [ 152 30 30 79 607 259 | 31 | 64
35 35 75003 | 6 316 | 39 | 93
Cerny Potok/2016 (vzorky C.P.) Dolina 1 (vzorky Dolina 1) 40 40 72970 37 [ 373 | 43 | 100
45 45 88 900 59 | 494 [ 55 | 101

vz. | hl (cm) Al Ag|Cu| Zn | As Pb vz. | hL (cm) Al Ag | Cu| Zn | As | Pb
50 50 77 994 416 | 48 | 95

5 5 95464,7 213 | 28,8 | 56,6 5 5 85 811 6 189 1 80 62
55 55 68 932 353 | 50 | 101

10 10 92545,9 228 | 28,3 | 48,5 10 10 86864 | 6 194 | 81 [ 67
60 60 75482 416 | 45 | 112

15 15 95604,6 224 28 | 59,6 15 15 84 449 196 [ 78 | 61
65 65 75 524 387 | 35 | 112

20 20 83849,7 178 | 49,2 | 46,4 20 20 91360 | 5 201 | 84 | 70
70 70 71345 314 | 60 | 88

25 25 71761,6 121 | 37 50,8 25 25 86 202 7 1731 70 59
73 73 74919 289 | 57 | 86

30 30 83599,5 1391 131 | 25 30 30 85566 | 6 159 | 73 | 58
76 76 76 608 283 | 36 70

35 35 93767,1 187 | 12,8 | 32,8 35 35 87666 | 5 157 | 73 | 47
79 79 79 504 287 | 46 69

40 40 101442 186 | 17,4 | 43,8 40 40 87728 5 172 | 96 | 52
85 85 80 969 271 | 54 | 74

45 45 90492 156 | 12,7 | 34,6 45 45 86 982 6 166 | 148 | 53
88 88 84 904 282 | 56 | 81

50 50 93667,3 191 ] 25,1 | 53,9 50 50 92 153 7 170 | 41 57
91 91 85557 280 [ 54 | 64

53 53 91067,6 2251 30,5 | 64 55 55 94 953 6 175 38 | 53
94 94 91396 270 | 27 69

56 56 96286,8 221 | 31,6 | 59,1 60 60 98 654 195 51 | 68
97 97 87 741 244 | 32 | 57

59 59 85906,3 240 | 28,7 | 45,2 65 65 96 033 12 217 | 31 78
100 100 93763 245 | 42 | 66

62 62 90810,8 276 | 26,5 45 68 68 87759 8 168 | 54 58
103 103 96 866 208 | 36 | 52

65 65 82499 250 | 26,2 | 38,9 71 71 85812 7 170 | 111 | 54
106 106 98 813 237 | 23 51

68 68 83312 228 | 29,6 | 50,8 74 74 92553 | 10 198 [ 28 | 63
109 109 96 466 208 | 22 | 54

71 71 86184 248 | 26,3 | 48,7 77 77 83923 6 143 | 34 50
112 112 93 867 196 | 24 | 48

74 74 84064 228 | 24,8 | 56,7 80 80 78 846 9 169 | 63 63
115 115 90218 198 | 28 | 50

77 77 88408,6 248 | 20,9 | 56,2 83 83 86598 | 13 204 [ 29 | 70
118 118 92 162 215 19 49

80 80 82946,6 248 | 25,2 | 55,6 86 86 86454 | 11 168 [ 39 | 64
121 121 88 507 208 | 31 44

89 89 83 176 14 170 1 30 69
124 124 91 602 206 | 18 | 36

92 92 88915 8 182 ] 42 65
127 127 91177 208 | 21 | 41

95 95 89 633 8 217 | 50 | 69
130 130 93 026 247 | 19 48

98 98 83400 | 12 205 55 | 76
133 133 81735 180 | 20 [ 37
136 136 83071 126 | 12 | 25
139 139 78 928 90 | 5 | 20
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Tab. 1. (dokonc¢eni) Obsah vybranych prvki ve vzorcich (v ppm).

Tab. 1. (finish) Content of selected elements in samples (in ppm).
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Prise¢nice (vzorky Pris) Dolina 1 (vzorky Dolina 2) Vysluni (vzorky Vysl)
vz. | hL (cm) Al Ag | Cu | Zn | As | Pb vz. | hlL (cm) Al Ag| Cu| Zn | As | Pb vz. | hL (cm) Al Ag|Cu| Zn | As | Pb
5 105 95036 297 | 75 | 71 2 2 48 160 631 ] 51 42 1 1 68 298 128 | 39 | 47
10 110 93 722 7 329 | 67 | 124 5 5 83 859 1951 67 | 69 5 5 68079 1471 62 | 56
15 115 96 107 326 | 129 | 85 10 10 90 357 202 | 71 73 10 10 72 023 110 | 50 | 61
20 120 93 442 3141121 | 97 15 15 85247 5 162 | 65 54 15 15 76 326 144 | 74 71
25 125 98 764 4 311 | 85 82 20 20 84213 5 1511 69 | 52 20 20 76 095 147 | 53 89
30 130 97 608 324 77 | 80 25 25 87270 6 1711 71 60 25 25 78 717 102 | 53 55
35 135 90963 | 20 | 53 | 495|318 | 318 30 30 82 107 4 1191 68 | 39 30 30 78 031 106 | 47 | 46
40 140 100923 | 27 | 155 | 585 | 212 | 433 35 35 85443 122 | 53 39 35 35 78 451 98 48 47
45 145 97916 | 30 | 108 | 337 | 137 | 305 40 40 82 667 4 1251 83 | 43 40 40 77 760 104 | 37 | 50
50 150 105486 | 17 | 120 | 493 | 143 | 258 45 45 72 379 67 15 | 28 43 43 76 782 99 | 68 | 77
53 153 95022 6 70 | 483 | 140 | 144 50 50 79 380 98 | 13 | 32 46 46 77193 89 | 36 | 39
56 156 92 095 402 | 139 | 75 53 53 99 191 209 | 18 60 49 49 70 280 57 15 33
59 159 96 998 330 | 84 60 56 56 87329 5 163 | 19 74 52 52 73 388 144 | 30 73
62 162 98 975 358 | 106 | 68 59 59 94 740 199 | 18 | 63 55 55 78 795 1681 15 | 62
65 165 80 666 5 399 1249 | 78 62 62 97 775 196 | 17 | 68 58 58 73 606 1531 19 | 62
68 168 96 355 362 | 104 | 85 65 65 90 449 9 251 | 17 | 115 61 61 76 505 140 | 15 63
71 171 91617 210 | 55 61 68 68 91077 13 2471 15 | 133 64 64 82458 240 | 96 75
74 174 98313 5 257 ( 70 | 79 71 71 85200 16 235 21 | 150 67 67 78 972 285 | 45 78
77 177 105 243 296 | 84 | 89 74 74 75 005 19 2181 20 | 194 70 70 89 885 110 ] 28 | 75
80 180 93 951 240 | 197 | 76 77 77 79 374 99 26 80 73 73 93 116 102 | 33 91
82 182 75455 272 | 56 67 80 80 71355 27 | 238 | 23 | 131 76 76 94 325 75 27 60
83 183 111 498 347 | 494 | 98 83 83 74 107 1441 16 | 74 79 79 87 440 72 | 25 50
86 186 101 658 351|333 | 84 86 86 79 726 108 | 12 | 56 82 82 93 831 71 21 | 46
89 189 93 378 216 | 221 | 71 89 89 71 704 136 | 13 | 31 85 85 93 680 65 | 23 | 43
92 92 69 360 166 | 11 30 88 88 81254 36 17 28
95 95 71427 230 | 16 | 34
98 98 67 482 1651 14 | 30
Tab. 2. Obsah vybranych prvka v horninach (v ppm).
Tab. 2. Content of selected elements in rocks (in ppm).
horniny TiO, [%]  ALOz[%]  Rb[ppm] Y([ppm]  Zr[ppm] Nb[ppm]  Ba[ppm]
pramér 0,60 15,43 167 36 154 19,00 641,00
median 0,70 15,21 128 36 167 18,00 770,00
maximum 2,54 21,67 397 51 335 43,00 1393,00
minimum 0,06 12,26 37 5 46 13,00 55,00
standardni odchylka 0,4437 2,2957 95,0656 9,0714 58,0915 5,9741 345,8434
koeficient variability 74,03% 14,87% 56,82% 24.,94% 34,74% 31,92% 53,92%
Sn[ppm]  Ag[ppm]  Cu[ppm]  Zn[ppm]  As[ppm]  Pb [ppm]
pramér 6 X 15,00 63 15,00 18
median 0 X 13,00 57 11,00 14
maximum 44 X 60,00 162 88,00 62
minimum 0 X 0,00 0 0,00 0
standardni odchylka 12,4358 X 15,9641 43,9301 16,8346 15,2589
koeficient variability 210,27% X 106,83% 70,27% 114,41% 86,14%
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Tab. 3. Obsah vybranych prvki ve skarnech (v ppm).
Tab. 3. Content of selected elements in skarns (in ppm).

skarny TiO,[%] ALO;[%] Rblppm]  Y[ppm] _ Zr[ppm] Nb[ppm]  Ba [ppm]
pramér 0,14 5,67 3,00 3,06 26,26 2,68 X
median 0,08 3,595 0 8 28 2 X
maximum 091 18,95 20 16 114 10 X
minimum 0,03 0,4 0 3 0 0 X
standardni odchylka 0,156211 4,710031 4,970883 4,850713 58,83055 2,146071 X
koeficient variability 112,69% 83,01% 165,70% 158,52% 224,04% 80,15% X

Sn[ppm]  Ag[ppm] Culppm]  Zn[ppm] As[ppm]  Pb [ppm]

prumér 135,65 1,16 87,35 191,40 2,28 26,87
median 92 1 30 111 3 15
maximum 618 3 870 2020 38 165
minimum 3 1 5 25 1 5

standardni odchylka 138,1324 0,446981 162,5529 366,0681 8,812869 34,2738
koeficient variability 101,83% 38,49% 186,08% 191,26% 386,53% 127,55%

Tab. 4. Obsah vybranych prvki v zelezaiskych struskach (v ppm).
Tab. 4. Content of selected elements in bloomery slags (in ppm).

Zelezatské strusky TiO, [%]  AlO; [%] Rb [ppm] Y [ppm] Zr [ppm]  Nb [ppm] Ba [ppm]

pramér 0,27 5,63 X 19 85 X 671

median 0,26 6,10 X 14 89 X 644

maximum 1,54 18,39 X 63 231 X 1244

minimum 0,02 0,62 X 1 20 X 65

standardni odchylka 0,199 2,641 X 16,507 35,116 X 317,669

koeficient variability 73,42% 46,93% X 88,64% 41,54% X 47,33%
Sn[ppm]  Ag[ppm] Cu[ppm]  Zn[ppm]  As[ppm]  Pb [ppm]

pramér 8 1 10 19 13 3

median 0 1 17 14 11 9

maximum 90 11 86 513 303 48

minimum 0 0 0 0 0 0

standardni odchylka 19,120 2,497 25,968 108,982 67,264 12,669

koeficient variability 241,17% 250,65% 264,11% 564,60% 502,02% 385,84%

Tab. 5. Obsah vybranych prvkii v nezeleznych struskach (v ppm).
Tab. 5. Content of slected elements in non-ferous slags (in ppm).

neZelezné strusky TiO, [%]  ALO;[%)] Rb [ppm] Y [ppm] Zr [ppm] Nb [ppm] Ba [ppm]

pramér 0,28 6,52 X 29 84 X 8929

median 0,25 5,84 X 16 82 X 864

maximum 0,737 12,04 X 135 159 X 84110

minimum 0,117 3,06 X 8 22 X 90

standardni odchylka 0,1338 2,4916 X 31,00887 30,80791 X 19252,65

koeficient variability 47,82% 38,19 X 108,80% 36,52% X 215,63%
Sn[ppm]  Ag[ppm]  Cu[ppm]  Zn[ppm]  As[ppm]  Pb [ppm]

pramér 191 X 392 1381 43 254

median 14 4 229 47 59 83

maximum 2200 26 1460 8400 191 1280

minimum 0,002 0 0,038 0,39 0,01 0,04

standardni odchylka 564,2993 X 443,1777 2682,036 48,8045 403,3212

koeficient variability 295,06% X 113,03% 194,21% 113,37% 158,78%
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Obr. 16. Obsah vybranych prvka v horninovém pozadi, skarnech, zelezafskych a nezeleznych struskach.
Fig. 16. Content of selected elements in rocks, skarns, ferrous slags and non-ferrous slags.
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Obr. 17. Cetnost intervalii faktoru obohaceni dosazenych jednotlivymi prvky.
Fig. 17. Frequency of enrichment factor (EF) intervals reached by individual elements.

Obr. 18. Cetnost dosazenych intervaltl faktoru obohaceni v jednotlivych profilech pro Zn, As, Pb, Cu.
Fig. 18. Frequency of enrichment factor (EF) intervals reached by Zn, As, Pb and Cu in individual profiles.

115



Krystof Derner, Petr Bohdalek, Jiti Crkal, Knut Kaiser, Petr Lissek: Geochemicky a archeologicky vyzkum aluvii v hornickém reviru
Pfise¢nice v Krusnych horach (2016-2020)

Obr. 19. Faktory obohaceni dosazené Zn, As, Pb, Cu v ruznych hloubkach profili. Jako reference jsou pouzity zjednodusené litologické diagramy.
Fig. 19. Frequency of enrichment factor (EF) intervals reached by Zn, As, Pb and Cu at particular depths of the profiles. Simplified lithological logs were
used as reference.
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DISKUZE

Cilem studie bylo vyuziti analyzy mikrostrusek a geo-
chemie sedimentli na malych tocich k identifikaci starého
hornictvi a hutnictvi. Problémy starSich nez vrcholné stie-
dovekych dataci a pievracené stratigrafie budou pojednany
v jiném ¢lanku. Rovnéz archeobotanicky rozbor neni pred-
métem tohoto piispevku, je ale tfeba alespoil upozornit na
situaci v profilech CP1/2019 a CP2/2019, ktera by mohla
byt dalsim dokladem myceni primarniho lesa v montan-
nich oblastech (srv. Kaiser et al. 2020). Nalezova situace
je podobna jako u profilu v Koje¢iné na Ceskomoravské
vrchovingé v tom, ze se do fi¢niho koryta dostalo velké
mnozstvi dfeva vcetné neodvétvenych kment (tam jedle,
ve vy$s§i nadmoiské vysce lezicim Cerném Potoce smrku),
které nebylo jinak vyuzito (Hruby et al. 2019). Mohlo by
to podobné jako v Kojeciné svédcit o dostatku dieva na
pocatku prvni hornické periody, kdy k odlesnéni nékdy do-
chazelo i jen proto, aby se uvolnily plochy pro neagrarni
provozy. V nasem piipad¢ pro huté, resp. mozna hornicko/
hutnické sidlisté (viz vyse). Odlisnost Ize spatfovat v tom,
ze v profilech v naSem regionu az na DOLII nebyly nikde
zachyceny horizonty primarniho lesa a samotného myceni
v panenské krajin€. Jiz v nejstarSich vrstvach jsou pfitom-
ny strusky, pyl zita (Kocar et al. 2018) v CP1/2019 i opra-
covana dfeva.

Analyza strusek ukazala velké rozdily mezi profily v riz-
nych povodich. Otazkou je, jaké mnozstvi povazovat za
potvrzeni hutnické ¢i intenzivni kovaiské produkce. Kromé
nejnizsi, sttedoveké vrstvy v agrarnim kontextu profilu Vy-
sluni se strusky vyskytovaly v§ude alesponn v minimalnim
mnozstvi. U velmi malych obsahti (DOL2, VYS — horni
¢ast) ale nelze vyloucit, Ze se sem dostaly spolu se svahovi-
nami, které v montannich revirech mohly byt struskami na-
syceny diky jejich zamérnému nebo nahodnému transportu
po celé krajiné (pii zpevilovani cest, ndhodnym zptisobem
tieba ze dvora hamru pii hnojeni apod.) Resenim této otaz-
ky by byla analyza svahovin v okoli toktl. V mokrém meék-
kém sedimentu je v ptipadé jednotlivych zlomku strusek
také mozny vertikalni transport napftiklad pfi bioturbacich.
Pro odhad zdroje strusky je dilezité, z jaké vzdalenosti
mohly byt strusky dané velikosti (nad 1 mm) transporto-
vany. Mnozstvi, velikost usazenych strusek v daném misté
a vzdalenost transportu vodnim proudem jisté¢ zavisely na
rychlosti toku, ktera se da odhadnout z velikosti doprovod-
ného sedimentu. V hrubych rysech lze postihnout, ze se
vzdalenosti od hamru/huti mnozstvi strusek ponékud kle-
sa (v CP/2016 400 m od hamru je jich celkové méné nez
v profilu CP2/2019 100 m od hamru). Skute¢né masivni je
jeji vyskyt v novovékém odpadu z vysokych peci a hamrt
(tisice az desitky tisic/l), mensi ve stfedovékych vrstvach
(desitky az stovky/l). K opatrnosti by mélo vést srovnani
sousednich profili: DOL1 s DOL2 a CP1/2019 s CP2/2019,
které vykazuji riizné hodnoty. Je to dano pravdépodobné
tim, Ze vrstvy podobnych hloubek i na sousednich profilech
nejsou ve skutecnosti tiplné soucasné. Jednotlivé vrstvy se

navic mohly ukladat rizné rychle. V piipad¢ vzniku tin€ se
koryto mohlo rychle zaplnit i v kratkém casovém useku a je
véci nahody jak intenzivni v té dobé byl vklad hutnického/
kovarského odpadu. Z metodologického hlediska je nevy-
hodou nasi studie, ze jsme mezi mikrostruskami nerozli-
Sovali strusky kovaiské, hutnické z primé vyroby zeleza
a vysokopecni, tiebaze by to v tak zlomkovitém materia-
lu bylo obtizné. Vzhledem k velmi malé ¢etnosti okuji je
jejich zachyceni v uvedeném objemu vzorkl véci nahody.
Jakkoliv tedy jejich nalez potvrzuje kovarstvi, jejich absen-
ce mnoho neznamena.

Nejvyraznéjsi geochemicky zaznam vyjadfeny kiivkou
EF byl zjistén v sondé¢ PRI a méné vyrazné, avSak také
zietelné, ale z¢asti geochronologicky odlisné k zdznamu ze
sondy PRI, jsou zaznamy z profild DOL 1 a DOL 2. Spo-
le¢nou geochemickou korelaci ve vztahu ke geochronologii
vykazuji zejména profily PRI a DOL 2. VSechny tii profi-
ly lezi v centru Pfise¢nického rudného reviru. Pfisecnické
rudni zily patii tzv. pétiprvkové formaci Ag-Bi-Co-Ni-As
rud, jejichZ typickou soucasti jsou uslechtilé (bohaté) rudy
stiibra (argentit a sulfosoli stfibra s obsahy 60-87 % Ag),
které jsou v paragenezi s arzenidy niklu a kobaltu a ryzim
bismutem. V reviru je toto zrudnéni vyvinuté v naprosté
pievaze v zilach severojizniho sméru, jak naznacuji i sméry
jednotlivych taht pinek a odvald. Podfizené a pouze lokal-
n¢ se vykytuji také rudy polymetalické (Pb-Zn-Cu) forma-
ce na vychodozapadnich (jitfnich) zilach.

Nejbohatsi stiibrné rudy byly vyvinuty na kiizeni se-
verojiznich a vychodozapadnich zilnych struktur. Je tedy
ziejmé, ze t€zbou byly zasaZeny v mistech kfizeni rudnich
zil obou smérl i supergenni zoény vychodozapadnich zil
(v mistech kiizeni) a do sedimentl tedy doslo i k uvolné-
ni olova a zinku, které jsou na zilach pétiprvkové formace
nepiitomné, nebo se vyskytuji jen vzacné.

3 lokalni maxima sledovanych prvkil, z nichz nejvyssi
hodnoty EF vykazuje As lze interpretovat jako projevy po-
¢atkt jednotlivych historickych obdobi tézby loziska. Geo-
chemicky zdznam odrazi naruseni supergenni piipovrchové
¢asti rudnich zil, kde byly primarni rudni mineraly alterova-
ny do podoby sekundarnich mineralti stiibra, arzénu, zinku
a v piipadé pfitomnosti médénych a olovénych rud (polyme-
talicka formace) také olova a médi. Pfi modernich geologic-
kych vyzkumech nebyla sekundarni mineralizace popsana,
nebot’ tyto prace byly zaméfeny predev$im na hlubsi, starsi
tézbou nedotcené casti rudnich zil a svrchni ¢asti historic-
kych praci nejsou v soucasné dobé pristupné. Podrobngjsi
vycet supergennich minerald je uveden pouze v praci Lo-
wagove (1903). Pestra parageneze zde uvedena potvrzuje
interpertaci geochemického zdznamu jako projevu otvirky
loziska v nékolika etapach historické tézby.

S vyjimkou zminénych tii profili z oblasti povodi dré-
nujicich uzemi zilného loziska Pfise¢nice (PRI, DOLI
a DOL2) je geochemicky zaznam ostatnich profili nevy-
razny. To piekvapuje zejména v protoindustrialni krajiné
tidoli Cerné vody, kde sedimenty obsahuji velké mnozstvi
strusek a struskové haldy po hutnéni Zeleznych rud jsou
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situovany prakticky na bfezich toku. Tato skutecnost, jak
bylo vyse naznaceno, velmi dobfe ilustruje fakt, ze vzhle-
dem k fadnimu geochemickému charakteru mistnich
primarnich Zeleznych rud (magnetit, hematit) jsou i zele-
zaiské strusky geochemicky fadni a ikdyz dochazi k urcité
koncentraci stopovych prvkl ve struskach pii hutnickém
procesu (viz srovnani obsahti stopovych prvki ve skarnech
a struskach na obr. 16), jsou tyto prvky chemicky pevné
vazany ve sklovité fazi strusek a nedochazi k jejich geo-
chemickému uvolnovani do pfirodniho prostedi a sorpci
téchto prvki na jilovou frakcei. V ptipadé profila CP1/2019
a CP2/2019 byly zvoleny pro jednotlivé vzorky piili§ vy-
soké mocnosti (kolem 10 cm ze stiedu SirSich vrstev), coz
ziejmé vedlo k urcité homogenizaci. Celkové jsou vsak
hodnoty EF jednotlivych prvki v téchto profilech velice
nizké, coz plati i pro profil CP/2016 odebrany na stejném
toku relativné blizko proti proudu, ve kterém byl dodrzen
interval vzorti 5 cm. Ve srovnani s toky, v jejichz biezich
byly situovany sondy PRI, DOL1 a DOL2 je také povo-
di Cerné vody daleko rozséhlejsi a celkové je tok vyrazné
vodnatéjsi. Sedimenty v mistech sond tu maji dominantné
povodinovy charakter na rozdil od kratkych a méné vodna-
tych povodi sond PRI, DOL 1 a DOL2. Charakteristickou
vlastnosti povodnovych sedimentl je, ze byvaji stiidavé
akumulovany a denudovany a Casto i pfemistovany v ramci
jednotlivych usekti vodniho toku. To mize ¢astecné homo-
genizovat nebo pozménit geochemicky zaznam. Navzdory
uvedenym metodologickym problémtm je ale zjevné, Ze
zelezatstvi a obecné hutnictvi zeleza zanechava jen nepa-
trnou geochemickou stopu v sedimentech vodnich tokt; a
jednoznacnym dokladem této Cinnosti pak ziistava pritom-
nost mikrostrusek v fi¢nich sedimentech.

Geochemicky zdznam v zadném z profili neindikuje ale
ani hutnéni stibrnych rud. Jak jsme uvedli vyse, lze v re-
viru pon¢kud piekvapiva maxima olova (a dalSich v oblasti
vzéacnych kovi: zinku a médi) vysvétlit nejlépe paragenezi
lozisek, ktera je pestiejsi, nez jak se o ni dosud uvazovalo.
Neni tedy tfeba maxima olova v profilech povazovat za do-
klad zoloviiovani rud pfi taveni. Proti hutnictvi na pfitocich
Piiseénice také svédci, ze zadné stitedoveéké neZelezné strus-
ky nebyly dosud na tomto uzemi nalezeny (a s vyjimkou
pretavovanych strusek - lokality DOL25 vlastné ani novo-
veké). Za hlavni zdroj kontaminace v sedimentech vodnich
tokll lze proto povazovat piedevs§im hornickou c¢innost
a upravu rud barevnych kovt. Otvirkou loziska (i opako-
vanou po preruseni) a drcenim rud dochazi k narazovému
uvolnovani prvki geochemické aureoly ze zvétravaci zony
lozisek a pii upravé (drcenim, promyvanim a prazenim) ta-
ké k uvolinovani tékavych prvkl (arzén, zinek i olovo) do
sedimentti vodnich tokti ve spadovém povodi.

ZAVERY
Geochemie biehovych sedimentil a analyza mikrostrusek

jsou uzitenym nastrojem pro prikaz regionalni tézebni
a Upravnické ¢innosti ovliviwjici presné vymezené povodi
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odbérovych mist. Interpretace vysledkti dava nejlepsi vy-
sledky, pokud jsou geochemické pozorovani konfrontova-
na a kombinovana s vysledky jinych pfirodnich védnich
metod, napf. datovani mikrouhlikd, palynologie spolu
s historickymi poznatky, archeologickymi nélezy a dobrou
geologickou znalosti zkoumané oblasti. Maze slouzit jako
prvni krok k identifikaci nadéjnych oblasti vhodnych pro
podrobnéjsi povrchovy prizkum s cilem nalézt zdrojové
lokality.

Z geochemického hlediska mtizeme konstatovat, ze pou-
ziti faktoru obohaceni (EF) zalozené na dobie zavedenych
znalostech mistnich geochemickych horninovych vzort je
velmi cennym ndstrojem pro interpretaci dat. Antropogen-
ni kontaminace je obvykle pozorovana na zakladé n¢koli-
ka vybranych prvki s ohledem na mistni typ mineralizace.
Faktor obohaceni tak umoznuje odlisit antropogenni a pfi-
rodni ptivod zvySené koncentrace vybranych kontaminan-
td v geochemickém profilu. Je ziejmé, ze geochemické
zaznamy v oblasti sedimentl jsou také zietelné projevem
banské ¢innosti a zEasti mozna i Upravy rud barevnych
kovt, tézba ani hutnictvi geochemicky fadnich zeleznych
rud se v geochemickém zdznamu neprojevuji, a své stopy
zanechavaji v podob¢é mikrostrusek, které vsak neovliviiuji
slozeni jilové frakce sedimentd, ktera je chemicky analy-
zovana.

Z vysledkt je také patrnd nutnost komplexniho zpracova-
ni odebranych vzorki. Bez piislusné datace nelze priradit
lokalni maxima v geochemickém profilu piislusnému ob-
dobi. Hutnictvi zeleza a tézba zeleznych rud nezanechava
zietelné geochemické stopy, jejich pritomnost lze dolozit
pouze dikladnym mineralogicko-petrologickym vyzku-
mem odebranych vzorkt. Pomoci téchto rozborl byla zjis-
téna piitomnost mikrostrusek v urcitych vrstvach profilu,
coz prokazuje intenzivni hutnictvi zeleza v zajmové oblas-
ti, které bylo pro zajmové uzemi velmi typickou ¢innosti,
ktera probihala nezavisle na tézb¢ a zpracovani stiibrnych
rud a na rozdil od této ¢innosti nezanechala stopu v geoche-
mickém zaznamu v profilech.

Vyznamnym ptispévkem k poznani regionu je predevsim
datace prvniho masivniho lidského zasahu do krajiny v ob-
dobi nejdiive od druhé tietiny 13. stoleti. Sporna starsi ra-
diokarbonova datace by méla byt doplnéna dal$imi odbéry
a sbérem dalsich proxy-dat k ptipadnym méné intenzivnim
lidskym aktivitdm ve star$i minulosti. Prostfednictvim ana-
lyzy profilu na Stielnickém potoce (PRI) se podafilo vy-
tipovat druhé ve stfedoveéku tézené stiibrorudné lozisko,
vedle dosud potvrzeného na Kremsigeru. Z hlediska vyvo-
je sidelni sité v hornickém regionu to znamena, Ze vedle
hornického sidlisté na Kremsigeru fungovala i Pfisecnice
jako skutecné hornické méstecko, a ne jen jako administra-
tivné-zasobovaci centrum oblasti. Dosavadni prizkum ne-
nalezl v reviru zadné signifikantni stopy po hutnéni stiibra
ve stiedoveéku ani v novoveku. Zavery zatim potvrzuji do-
mnénku, Ze hutnictvi stfibra bylo centralizovano do huté/
huti v blizkosti vlastni Pfise¢nice, do mist zatopenych dnes
stejnojmennou vodni nadrzi.
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Zelezarska vyroba v Malé Moravce jeji surovinové zdroje'
Iron production at Mala Moravka and its raw material sources
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Abstrakt: Zelezaiska vyroba v prostoru Malé Moravky je dolozena poprvé k roku 1579. Nejstarsi doly se nachazely ptimo v Malé Morévce a na severné leZicim
Javorovém vrchu. Vyznam prudce narostl v dobé tiicetileté valky, kdy doly i huté vlastnil fad némeckych rytiit. Okolo roku 1876 skondila tézba rud a v roce
1914 i nekonkurenceschopné zelezamy. Studie vénuje pozornost zvlaste dolim na severnim svahu Javorového vrchu a milifistim jihovychodné od sedla Hvézda.
Diky interdisciplinarnimu piistupu (studium archivalii, mineralogie, archeologicka sondaz, C14, analyza DMR) se podafilo doplnit doposud neznamé historické
informace k provozu doli i zelezaren v Malé Moravce i Hubertové, identifikovat druh a kvalitu v Zelezarnach pouzivané zelezné rudy a poprvé byly doplnény
informace k vyrobé dievéného uhli. S tispéchem pritom bylo vyuzito pozemni laserové skenovani k vytvoreni trojrozmérnych modelii dolti i milifist.

Abstract: Iron production in the area of Mala Moravka was first documented in 1579. The oldest mines were located at the village of Mala Moravka and
on Mt Javorovy vrch to the north. Their importance grew sharply during the Thirty Years” War, when the mines and smelters were owned by the Order of
the Teutonic Knights. Around 1876, the ore mining ended, and in 1914, also the uncompetitive ironworks terminated. The study pays particular attention to
the mines on the northern slope of Mt Javorovy vrch and the charcoal kilns southeast of the Hvézda saddle. Thanks to an interdisciplinary approach (study
of archival documents, mineralogy, archaeological probes, 14C, DMR analysis), previously unknown historical information on the operation of mines and
ironworks at Mala Moravka and Hubertov was added, the sort and quality of iron ore used in the ironworks was identified, and for the first time, information
on charcoal production was added. Also terrestrial laser scanning was successfully applied to create three-dimensional models of mines and charcoal kilns.

Key word: Mala Moravka, Geology, Iron ores, History - Iron ore mines, - [ronworks, - Charcoal, Archeology - Hvézda saddle, Javorovy vrch, Digital
relief model, Paleoecology.

GEOLOGIE grafitickych) s vulkanickymi horninami. Na horniny ky-
selého vulkanismu (ptivodné ryolity, andezity, keratofyry
a jejich tufy) jsou vazany polymetalické rudy, s horninami
bazického vulkanismu jsou spojovany vyskyty zelezorud-
nych rud, fazenych k exhalacné-sedimentarnim lozisktim
typu Lahn-Dill.3 Sedimentace je ukoncena polohou hefma-
novickych vapenct, po nichz nasleduje jiz kulmska flySova
sedimentace, reprezentovana jednotlivymi souvrstvimi (od
zapadu andélskohorskym, hornobenesovskym, moravic-
kym a hradecko-kyjovickym), které buduji Nizky Jesenik
a Oderskeé vrchy.

Prostor Javorového vrchu je tvofen vulkanosedimen-
tarni skupinou basického charakteru (metadiabasy a me-
tatufity v rizném stupni promeény, zelené az zelenomodré

Vznik Zelezaren v prostoru Malé¢ Moravky a Ludviko-
va byl podminén pfitomnosti kvalitnich Zeleznych rud.
Ty vznikly v systému sedimenta¢nich panvi pred 390 mil.
lety napfi¢ celou Evropou (od Portugalska a Cornwallu
pfes Némecko, Moravu a déle az k jihozapadnimu okraji
Uralu).2 Jednotlivé panve byly béhem devonu vypliovany
stiidavé vulkanickymi a sedimentarnimi horninami, které
byly béhem karbonu a spodniho permu zvrasnény. V oblas-
ti Jeseniktl tak vznikla vrbenska skupina, ktera tvoii obal
desenské jednotky. Sled hornin za¢ina drakovskymi kvarci-
ty. Nad drakovskymi kvarcity se stfidaji souvrstvi pfevazné
sedimentarnich hornin (rizné typy bfidlic a fylitd, ¢asto

1  Studie vznikla v rdmci vyzkumné oblasti Industrialni dédictvi (dil¢i cil Industrialni archeologie), financované z institucionalni podpory Ministerstva
kultury CR na dlouhodoby koncepéni rozvoj vyzkumné organizace (IP DKRVO).

2 Ziegler, P. A. 1988: Laurussia — the old red continent. Devonian of the World: Proceedings of the 2nd International Symposium on the Devonian
Systém. Memoir 14, Volume I: Regional Syntheses, s. 15-48.

3 Skacel, J. 1966: Zelezorudnd loziska moravskoslezského devonu. Rozpravy CSAV, Rada mathematickych a piirodnich véd 76 /11, s. 27-33.
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chloritické, chloriticko-albitické btidlice, vétSinou jemno-
zrnné, misty hrubozrnnéjsi, karbonatizované, prokifemenc-
1¢, jemnozrnné kvarcitické horniny az jaspilitového typu
- ,skaliny* prostoupené velkym mnozstvim kiemennych
a kfemen-karbonatovych zilek misty se sulfidy, predevsim
s pyritem). Horniny jsou detailn¢ provrasnéné a nasledné
postizené tektonikou s pfinosem piredevsim kiemenného
materialu. Z dalSich hornin se nepatrné uplatiiuji kvarci-
ty, Casto ziveové (pfi vychodnim tpati) a dale porfyroidy,
tvorici lozni padsmo pfi severozapadnim okraji basické
skupiny, na které jsou vazané indicie barevnych kovi.
Hlavni dobyvky jsou zaloZeny v siln€ vapnitych horninach
(obr. 1). Zakladni hmota je svétlezelend, tvofena prevazné
fylosilikaty (chlorit, sericit, biotit), obklopuje pasky nebo
cocky Sedé karbonatické hmoty. Pii vyrazném tektonickém
postizeni tvofi zakladni hmota tmavozelené az ¢erné ohla-
zové plochy. Pivodné se pravdépodobné jednalo o vapnité
sedimenty, prokladané ¢etnymi vlozkami tufitickych hor-
nin bazického charakteru. Misty (napf. oblast dolu Hedvi-
ka) je mozno tyto horniny oznacit jiz jako pfimésmi bohaté
mramory, misty se znamkami zkrasovaténi.

Obr. 1. Geologicka mapa oblasti kot Koptivna a Kosov, severné od Malé
Moravky (podle mapy 1 : 25000 Opletal, M. a kol. 1987).

Fig. 1. Geological map of the area around Kopfivna and Kosov hills, north
of Mala Moravka (based on map 1 : 25000 — Opletal, M. et al. 1987).

RUDY

Rudy lozisek typu Lahn-Dill mizeme rozdélit podle
mineralniho slozeni na dvé skupiny. Prvni je zastoupena
prevazné oxidickymi rudami s magnetitem a hematitem.

Skacel, J. 1966: Zelezorudnd loziska.

~N o o

Rudy jsou Casto prokiemenélé a podfadné mohou obsa-
hovat Fe-chlority nebo karbonaty. Druhou skupinou jsou
prevazné silikatové rudy, v nichz vyrazné prevazuji Fe-
-chlority doprovazené Casto karbonaty.5 Pro Fe-rudy mo-
ravskoslezského devonu se vzilo rozdéleni na rudy kyselé,
s vysokym podilem SiO, a nizkym podilem Fe (hematit,
magnetit), a rudy zasadité, tvoiené Fe-chlority, magnetitem
misty 1 hematitem a Castym karbonatem. Na zaklad¢ struk-
tur, textur a mineralniho slozeni charakterizoval J. Skacel
13 typt rud, které je mozno brat jako krajni ¢leny, nebot’
blizké typy se vzajemné stiidaji.6 Mnohé z vyclenénych
typt se vyskytuji pouze v méné metamorfovaném devon-
ském Sternbersko-hornobeneSovském pruhu, ktery je vsu-
nut jako Supina mezi mladsi hornobeneSovské a moravické
souvrstvi. V horninach vrbenské skupiny, které jsou posti-
zeny vyraznéj$i metamorfozou, pievazuji typy s hematitem
a s pribyvajici metamorfézou smérem k severu piibyva i
magnetitu. Rudy s Fe-chlority jsou zastoupeny pouze pod-
fadné. Oba typy se vyskytuji spole¢né, v nepravidelnych,
tektonikou rozposunovanych pasmech sv-jz. sméru. Horni-
ny jsou intenzivné provrasnéné a ruda je vyhnétena do str-
mych ¢ockovitych téles nepravidelnych tvarti, dosahujicich
mocnosti az 8§ m. Magnetitova ruda je litd az jemnozrnna,
mocnosti az nékolik dm, Cast&ji vSak tvori zilky a zavalky
kolem 1-5 cm. Jen zfidka byly pozorovany relikty vétsich
krystalki (0,5 mm). Hematitové rudy, doprovazené Sedym
jaspilitem jsou vzacnéjsi.”

Martin Kleinwéchter rozlisil v prostoru Javorového vrchu
rudy vazané na kabonatové horniny (magnetit-ilmenit, mag-
netit-hematit), jaspility s magnetitem a hematitem, masivni
hematit-magnetitové rudy a chlorit-magnetitové rudy.8

V oblasti Malé Moravky lze vyclenit tii hlavni pruhy
(obr. 2). Zapadni se tahne od koryta Bélokamenného po-
toka pres kotu Javorovy vrch (1024 m) na kétu Koptiv-
na. Dalsi pruh probiha mezi Zeleznym vrchem — Malou
Moravkou — Solnym vrchem a pokracuje preruSované pies
Horni a Dolni Moravici, Janovice, Horni Mésto az po Rudu
u Rymarova. Vychodni pruh probiha od Podlesi do prosto-
ru zapadné od Zelezni¢ni stanice Nova Rudna. Jako zdroj
zelezné rudy pro vysokou pec v Hubertové byly vyuzivany
hlavné rudy ze zapadniho pruhu, z oblasti Kosova.

Nejstarsi informace o zdejsich rudach pochazeji ze zprav
o zkouseni rud z let 1684 a 1689. Rudy byly charakterizo-
vany podle tavitelnosti.%

V roce 1767 rozdélovali podle Relace sepsané v Karlové
Studance rudy na kusové Sed¢, vice nebo méné prorostlé

Skacel, J. a kol. 1958: Vyrocni zprdva o podrobném vyzkumu na lokalité Malad Moravka. Rukopis. Ustfedni tstav geologicky Praha.
Koutek, J. 1950: Loziska zeleznych rud v nemetamorfovaném devonu Moravsko-slezskych Jesenikii. Rukopis. Praha, s. 8—15.

Skacel, J. a kol. 1958: Vyrocni zprdva o podrobném vyzkumu na lokalité Mald Mordvka. Rukopis. Ustiedni ustav geologicky Praha; Skécel, J. a kol.

1968: Regionalni surovinova studie Jeseniku a prilehlych oblasti, ¢ast II. — Jeseniky. Rukopis, Geologicky pruzkum Ostrava, s. 296-299.
8  Kleinwichter, M. 1982: Mineralogické studium magnetitu na Javorovém vrchu u Malé Moravky. Diplomova prace vypracovana na ptirodovédecké

fakulté Univerzity Jana Evangelisty Purkyné. Brno.

9  Demik, Z. 1979: Zelezarny v Malé Moravce na bruntalském panstvi. Rozpravy NTM sv. 73, Z d&jin hutnictvi 5, s. 87-89.
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ruda tavitelnost kvalita %  dil

kusova s vapencem  snadno 40,8 Sv. Rehot
kusova s vapencem  snadno 31,2;21,3  Sv. Matyas
kusova snadno 27,4 Sv. Lukas
kusova tézce bez piisady 23,1 Sv. Lukas
kusova vlaknita dobfe s pfisadou 35,8 Vsech Svatych
kusova zluta dobfe s piisadou 32,2 Vsech Svatych
pevna a tvrda tézce i s pfisadou 25,1 Vsech Svatych
kusova dobie bez ptisady 30,2; 27,0  Swv. Simon Juda
kusova, pevna dobfe s piisadou 35,5+ 39,2 Sv.Jan

kusova dobfe s pfisadou 28,4 Sv. Krystof
kusova dobfe bez piisady 18,1;37,2  Sv. Krystof

Obr. 2. Topografickd mapa s vyznafenymi pruhy s vyskytem zeleznych
rud u Malé Moravky.

Fig. 2. Topographic map with strips indicating occurrence of iron ore at
Mala Moravka.

vapencem, piipadné kifemenem. T¢&zily se hlavné na Ul-
richu (Javorovy vrch), byly dobfe tavitelné a pfi tézb¢ se
pouzivalo sazeni ohném. Druhou skupinu tvotily hnédo-
cervené rudy se zlutorezavymi okraji a hnédocCerna zemita
ruda. Tézily se na obou ubocich nad Malou Moravkou, by-
ly bohat¢jsi, ale bez prisad huie tavitelné. Pti t¢zbé nebylo
potieba pouzivat sazeni ohném.!0 Toto ¢lenéni odpovida
pfiblizné dnesnimu rozdéleni na magnetitové (Sedé¢), hema-
titové (Cervené) a limonitové (zemité) rudy.

10 Demgik, Z. 1979: Zelezarny v Malé Moréavce, s. 74.

Na zacatku 19. stoleti tézafi rozliSovali podle zprav Raa-
ba a Aschera nékolik typt rud hlavné podle vzhledu.1t

Schirmigen — prokiemenéla rohoviné podobna ruda,
tmavomodré barvy, velmi tvrda, hife tavitelna, s dobrym
obsahem Zeleza. Jedna hyle rudy davala okolo 8 centyit
litiny. Jméno ,,Schirmiges Erz* pochazi pravdépodobné od
toho, Ze se pfi sazeni ohném rozpadala na stfipkovitou drt’.
Na dole Bartolomeus byla nepouzitelna kvili znecisténi
kifemenem a pyritem. K tavbé potfebuje vyssi teplotu a da-
va pouze kiehké bilé Zelezo. Smichana s rudou Sperber ze
Simona a Judy a se zlutou rudou z dolu Karoli byla velmi
dobte tavitelna. Tézena byla na nadlozni i podlozni zile do-
lu Bartolomeus, Wortgottes a Schlogel, kde pievazuje.

Sperber — Jedna se o prokifemenélou rudu ,,tmaveé mod-
ré* barvy s vysokym obsahem magnetitu (pravdépodobné
prokfemenély magnetit az jaspilit). Pfi sazeni ohném se
rozpadala na stiipkovitou drt. Pouzivala se jako tavici pii-
sada. Ve starych pecich s nizkym bodem tavby davala ne-
kvalitni bilou litinu. Jedna hyle rudy dala necelé 3 centyte
litiny.

Spiegel Erz — leskla ruda v kiemeni, se tézila v celém
reviru, ale vyskyty nebyly pfilis rozsahlé a byly vazany na
,HKlufty” —poruchy s jilovitou drolivou horninou a s pfitoky
vody. Na dole Hylari tvorila jen slabé odzilky v pevnych
a ¢astecné druzovitych kiemennych horninach. Z jedné hy-
le rudy davala 8-9 centyit litiny nebo surového zeleza. Lze
ji ztotoznit s hematitovou (spekularitovou) rudou.

Blaue Erz — byla ruda bohata na Zelezo (obdoba Spiegel
Erz), lehce tavitelna, ale litina je velmi bila a kiehka, takze
se sama nedala upotfebit. Prazenim a nékolikaletym zvétra-
nim na ¢erstvém vzduchu byly vysledky o néco lepsi. Jedna
hyle davala 4-5 centytt litiny. TéZena byla na dole Wort-
gottes (Hauptforderungsschacht), ve stfedni poloze dolu
Bartolomeus, ve Stole k dolu Martin, a dolech Simon-Juda,
Hedvika, Urlenschacht, Wasserschacht, Christoph-Rochus,
Urlichhéusel, Andreas, Kalkzeche, Caroli, Michael.

Graue Erz — byla Seda ruda, pouzitelna jako ptisada k bo-
hat¢jsim rudam. V pecich vytvaiela velmi zpénénou strus-
ku s velkymi praskajicimi bublinami a bylo tfeba smichat ji
s jinymi typy rud, proto o ni v hutich nebyl zajem. Na dole
Wasserschacht ji byly dostatecné zasoby a proto zde byly
dalsi prace zastaveny.

Fluss Erz — ruda s nizkym obsahem zeleza, prostoupena
tenkymi zilkami magnetitu, snad podobna nebo identicka
s Graue Erz, kde Zilovinu tvofil karbonat a ruda v ni byla
vtrousena v tenkych zilkach nebo zrnech. Flusserz vyuzi-
vali v hutich jako tavidlo a stejné jako Graue Erz se t¢zila
jen prilezitostné, dle potieby huti. T¢Zafi o ni neméli zajem,
protoze se za ni malo platilo, pficemz jeji t€zba nebyla o nic
méné nakladna nez tézba hematitové rudy.

11 Zemsky archiv v Opavé, fond Velkostatek Bruntal — Akta horni substituce, nesignované dopliky.
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Josef Vecera, Jan Hrubos, Pavel Malik, Michal Zezula, Petr Kocar, Romana Koc¢arova, Karel Maly, Viera Vecefova:

Zelezai'ska vyroba v Malé Moravce jeji surovinové zdroje

Schwarze Erz — tézce tavitelné rudy hnédé az cerné bar-
vy. Dle popisu to byla jind barevna varieta jaspilitd.

Braun Erz — pevna ruda hnédé barvy, nékdy s nab&hovy-
mi barvami (,,barvy paviho oka®). Vyskytovala se v okra-
jovych zilach kolem ,,Spiegelerz*. Ruda byla ,,podobna
rohovingé. Byla samotavitelnd, pouzivala se jako tavidlo,
struska byla pfili§ vazka a délala tfaskavé bubliny. Pii smi-
chani s tézkotavitelnymi rudami nebyla tak skodliva. Tézila
se na dole Waserzech, Andreas a Hylari

Gelbe Erz — 7luta ruda v ptipovrchovych ¢astech lozis-
ka (pravdépodobné limonit). Jedna hyle davala necelé 3—4
centyfe surového zeleza. Tézila se v prostoru dolu Kalkze-
che a Stoly Karel.

Frischartige Erz — ruda v Cerstvém stavu hnéda, vel-
mi piscita. Tézila se na Pfednim poli (doly Karl, Ursula,
Ludwig).

Sandartige Braun Erz — zvétrald, pravdépodobné limoni-
tova ruda rozpadajici se na pisek. Méla slaby obsah zele-
za a poskytovala jen bilou litinu. Tézila se na dole Martin
a Andreas

Josef Melion uvadi na zdklad¢ pisemné komunikace
s ufadem ludvikovskych dolil a zeleznych huti pfehled dold,
z nichz se zpracovavaly rudy v Ludvikové a Malé Morav-
ce ve 40. letech 19. stoleti. U kazdého dolu je uveden typ
rudy a jeho kovnatost.12 K seznamu je potfeba pristupovat
obezietné, nebot’ jsou zde jmenovany i doly, které nejsou
v Malé Moravce. Piikladem mtize byt stiibronosny gale-
nit ze Stoly Barbara a arsenopyrit ze $toly Lazarus, které
se pravdépodobné vztahuji k reviru Georg u Suché Rudné.

Z prehledu vyplyva, ze byly tézeny nasledujici typy rud:

magnetitova (Magnetiteisenstein) — s nejvyssim obsahem
Fe (53 %) z jizni ¢asti reviru Malé Moravky (Stola Josefa
na Solném vrchu),

spekularitova (bléttrige Eisenglanz) — s obsahy Fe od 35
do 49 % se tézila u Nové Rudné (Stola Francisci) a na Javo-
rovém vrchu (Stoly Hilary a Wortgottes),

hematitovd (kornige Eisenglanz) — s obsahy 11-37 %
Fe, ktera byla nejrozsifenéjsi a t¢zila se v celém reviru
Malé Moravky (Solny vrch, Nova Rudna, Mala Morav-
ka-stted, Koptivna, Javorovy vrch). Na Javorovém vrchu
jsou zminovany, a tedy tézily, doly Bartolomii (37 %),
Urlichhéusel (27 %), Gallus (16 %), Allerheiligen (21 %),
Sarcander (31 %), Simon-Juda (27 %), Hedwig (24 %), An-
toni (19 %), Wasserzeche (11 %), Martin (17 %), Kajetan
(11 %), Rochus (26 %).

limonitova (Thoneisenstein) — s obsahy 13—31 % Fe se té-
zila v Malé Moravce (Dominik), na Solném vrchu (Karolina
a Florian) a na dolech Methudi a Gabriel nejasné polohy.

Pramérné se z rudy vytavilo 26-28 % zeleza, k vytave-
ni 100 pfunda (50 kg) surového Zeleza se spotiebovalo 25
kubik uhli, z néhoz bylo */; mékkého /dievéného/ a '/, ka-
menného.

HISTORIE DOLOVAN{

Archeologicky prizkum na tizemi obce Mala Moréavka
a v jejim bezprostifednim okoli, provadény v roce 1984,
prokazal osidleni na 3 lokalitach kolem soutoku Moravice
a Bélokamenného potoka ptiblizné od poloviny 14. stoleti.
Nalezy strusky napovidaji, ze se zde zpracovavalo Zelezo,
které se muselo ziskavat z nedalekého okoli. Prvnim proka-
zatelnym zédznamem o existenci vsi je vyobrazeni tfi mly-
nd, snad hamrd na zelezo (Puschmil, Bretmilan der Mor),
v mistech dnesni obce na mapé bruntalského panstvi z roku
1579. Vesnice neméla podle mapy jméno a nevedla k ni
zadna pfistupova cesta.13

Pocatky dolovani v oblasti Malé Moravky mizeme hledat
pravdépodobné na pocatku 17. stoleti, kdy Hynek mladsi
Bruntalsky z Vrbna zacal s vystavbou nového mésta Vrb-
na.14 V cervenci roku 1621 ziskal Malou Moravku spolecné
s celym bruntalskym panstvim coby pobélohorsky konfiskat
po Janu ml. Bruntalském z Vrbna do svého drzeni fad né-
meckych rytift.15 Pozdéji se zde pfipominaji doly Heilige
Dreifaltigkeit, Kalchzeche a fada blize nejmenovanych doli
na ,,Nieder und Ober Orlicht* (dnesni Javorovy vrch). Téz-
ba v nich ovSem nestacila k zadsobeni tiech huti (dolni hamr,
prostfedni hamr a horni hamr) v Malé Moravce, zminénych
v urbéfi z roku 1618,16 a musela se dovazet z Hornich Zivo-
tic a z panstvi Ruda u Rymarova. Na dopravé zelezné rudy
z dolt do huti v Malé Moravce se vyznamnou mérou podile-
lo poddanské obyvatelstvo v ramci potaznich robot. Béhem
let 1611-1633 bylo celkové dovezeno ke zpracovani okolo
20000 hyli (1 hyle = cca 250 kg) zelezné rudy.

Provoz huti a Zelezorudnych dold nebyvale vzkvétal
v prubé¢hu tiicetileté valky, nebot’ objem hutni vyroby do-
Casné zvysovala poptavka po zbranich a stelivu. Kuptikla-
du v roce 1641 zdejsi huté zpracovaly 4677 hyli zelezné
rudy, pfiCemz ro¢ni vynos mistnich Sesti zelezorudnych
dold ¢inil dokonce 5632 hyli. V letech 1648—1650 doslo
k utlumu tézby v disledku poniceni huti v Malé Moravce

12 Melion, J.: 1852: Der Eisenbergbau in den méahrisch-schlesischen Sudeten (Klein Mohrau). Lotos 2/1852, s. 107-114. Praha, zde s. 112-113.
13 HorniSer, I. 1997: Archeologické doklady hornické ¢innosti v Malé Moravce z pocatku 14. stol. Sbornik Montanisticko-geologicka nadace Terra,

3,s.13.

14 TIrgang, W. 1971: Freudenthal als Herrschaft des Deutschen Ordens 1621-1725. Bonn-Godesberg, s. 25.; Novak J. 1980: Rudny revir Andélska
Hora. Bansko-historicka studie. Zpravy Okresniho archivu v Bruntale za rok 1977, Bruntal, s. 28.

15 Hosak, L. 2004: Historicky mistopis zemé& Moravskoslezské. Praha, s. 849—-850; Irgang, W. 1971: Freudenthal als Herrschaft, s. 31 a nasl.; Fukala,
R. 1955: Bruntalsky, Jan ml. z Vrbna. In: In: Biograficky slovnik Slezska a severni Moravy 4. Opava — Ostrava, s. 21-22; Stibor, J. 1998: Bruntalsti
z Vrbna. In: Biograficky slovnik Slezska a severni Moravy 10. Ostrava, s. 44-45.

16 Zemsky archiv v Opavé, fond Velkostatek Bruntal, inv. ¢. 2, fol. 166, 169—170.
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Svédskymi vojsky pocatkem roku 1648. Doly byly zpustlé
a k postupné obnové doslo v prubéhu roku 1650. Jiz v ro-
ce 1653 pracovalo v dolech v Malé Moravce 15 horniki
a 30 poddanych, pracujicich hlavné pomoci hornickych
nastroji (mlatek, zelizko), jen vyjimecné sdzenim ohném.
Praci v dole fidil horni $tajgr (Bergleuthsteiger).1” Vytézena
ruda nestacila zasobovat zdejsi huté a tak se musela dova-
zet hlavné z dolti u Rudy u Rymarova a od roku 1654 i
z Hornich Zivotic.18 Koncem sedmdesétych let 17. stoleti
Jjiz zdejsi huté zpracovavaly ze 70 % vyhradné jen mistni ru-
du z nekolika hlubinnych a jednoho povrchového dolu, coz
ptredstavovalo cca 550-600 hyli rocné. Kupiikladu v roce
1682 vytézilo 21 zaméstnanct piiblizné 560 hyli, roku 1687
pak vytézilo 17 zaméstnanct 700 hyli. Dodejme, Ze na sva-
zich Urlichu se v t¢ dob¢ téZilo v osmi dolech a objem tézby
dosahl v tomto obdobi svého vrcholu, kdyz bylo vytézeno
700 hyli ro¢né. Pro ilustraci uved’me, ze v poloving 18. sto-
leti poklesla primérna vytéznost na 600 hyli rudy rocné.!®
Pocatkem osmdesatych let 17. stoleti mél dulni ¢innost na
starost horni mistr, jemuZ byli napomocni dva tzv. ptisezni,
z nichz jeden byl zaroven slévarenskym mistrem, v jehoz
kompetenci byla analyza vlastnosti zelezné rudy, ¢imz byly
zajistény dodavky kvalitni rudy do zdejsich huti.20

V letech 1689-1690 zridil hrabé Harrach konkurencni
huté¢ v Karlové, které odCerpavaly z okolnich lesti znacné
mnozstvi dfeva. Velmistr fadu némeckych rytitt, Ludvik
z Ampringenu se snazil tuto situaci fesit pfesunem hutni vy-
roby do Ludvikova. Problém s nedostatkem dfeva narustal,
o ¢emz svédEi popis bruntalského panstvi z roku 1747, kde se
uvadi, ze pti zdejsich dolech byla zasoba zelezné rudy 9 991
hyli, a pfi slévarnach dokonce 10 838 hyli, ktera nemohla
byt kvuli nedostatku dievéného uhli zpracovana, a proto by-
ly prace na nékterych dolech na nékolik let zastaveny. Popis
panstvi z roku 1748 pak uvadi rocni vytézek dilni ¢innosti
ve vysi 600 hyli, piestoze pocet dolti vzrostl na 13. Pozdé-
ji nékteré tyto doly vrchnost pronajimala a pouze ¢ast rudy
se zpracovavala v ludvikovskych zZelezarnach. Zbytek diilni
produkce se prodaval do zZelezaren na nedalekém janovic-
kém panstvi. Zelezna ruda se tehdy vozila pouze v zimé, a to
prostfednictvim sani tazenych konskym spiezenim.2!

V druhé poloving 18. stoleti dochdzi opét k rozvoji do-
lovani. Rozsah tézby zelezné rudy doklada fakt, ze v roce

1780 bylo mezi Malou Moravkou a Ludvikovem v provozu
25 dolti a jam s rocni vytéznosti okolo 840 hyli. Kromé
dvou $tajgri zde bylo zaméstnano 25 haviii. Pocatkem 19.
stoleti bylo na svazich Kosova jiz 37 dolt (obr. 3, 4, 5). Ku-
prikladu na severnim svahu Dolniho Urlichu to byly doly
Wortgottes, Alte Zeche, Sarcander, Spiegelgrub, Bartholo-
mei, Schirmigegrub, Hinterfeld, Vorderfeld (Karl Ludwig),
Martin. Nad nimi v Prostfednim Urlichu se pak nachazely
doly Neu Simon-Juda, Simon-Juda-Hedwig, Philippi-Jako-
bi, Karoly, Allerheiligen Zeche, Johannes, Schlogel, Feik
und Kajetan, St. Klara, Neuer Schurf, St. Veit, Heinrich,
St. Ursula. Vyse pod hiebenem v oblasti Horniho Urlichu
byly v provozu doly Wasserzech, St. Christoph, Rochus,
Jakub, Philippus. Na jiznim svahu v tzv. Schindelwinklu
se pak zelezna ruda dobyvala v dolech St. Gallus, Barbara,
Veit, Urlichhdusel, Andreas, Lukas, Hylari, Marcus, Georg
a Alexander. Na zaklad€ nového Obecného horniho zdkona
z roku 1854 byl pocet zdejsich dolt zredukovan na 19 dolo-
vych mér, pokryvajicich celé tizemi.22 Jesté v roce 1874 zde

Obr. 3. Pozice znamych dolti na svazich Kosova v 1. poloviné
19. stoleti.

Fig. 3. Position of known mines on the slopes of Kosov hill in the
first half of the 19th century.

17  Zemsky archiv v Opavé, fond Némecti rytifi - tstfedni sprava velmistrovskych statkii na Moravé a ve Slezsku, Bruntal, mistodrzitelstvi, inv. ¢. 441,

sign. Rub. 40, karton 69; tamtéz, inv. ¢. 442, sign. Rub. 40, karton 69.
ZAO, fond Velkostatek Bruntal, inv. ¢. 646, karton 196; Myska, M. 1954: D¢jiny zelezaren v Malé Moravce v XVIL. stoleti. Casopis pratel staro-

ZAO, fond Velkostatek Bruntal, inv. ¢. 628, sign. 14; tamtéz, inv. ¢. 538, sign. IV 27, karton 538; tamtéz, fond Némecti rytifi, inv. ¢. 445, sign.
Rub. 40, karton 69; Myska, M. 1954: Dé&jiny zelezaren, s. 202; Demcik, Z. 1979: Zelezérny v Malé Moravce, s. 73.
ZAO, fond Némecti rytifi, inv. ¢. 344, sign. Rub. 20, karton 52; Lomi¢, V. 1955: Seznam historickych podkladt pro prospekéni prace na lokalité

18
zitnosti, 62, ¢. 4, s. 201.
19 ZAO, fond Némecti rytifi, inv. ¢. 443, sign. Rub. 40, karton 69.
20
21
Maléa Moravka. Rukopis, s. 2-3.
22

ZAO, fond Velkostatek Bruntdl, inv. ¢. 73, tamtéz, inv. €. 538, sign. IV 27, karton 106; tamtéz, inv. ¢. 548, sign. VII 1, karton 110; tamtéz, inv. ¢. 549,
sign. VII 2, karton 113; Zemsky archiv v Opavé, pob. Olomouc, fond Krajsky soud — Horni senat, kn. 20; MZA, fond D16-mapy, ¢. 486 a 491;
Vecetova, V. 2005: Mala Moravka — Javorovy vrch, pfirodni pamatka — Zprava o vysledcich mapovani poziistatkli hornické ¢innosti v historickém
zeleznorudném reviru s diirazem na vyskyt potencialnich zimovist’ netopyrt. Rukopis.
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Obr. 4. Piehled evidovanych dolovych mér na svazich Kosova
v druhé poloving 19. stoleti.

Fig. 4. Overview of documented extraction paths on the slopes of
Kosov hill in the second half of the 19th century.

Obr. 5. Vyfez z mapy dolovych mér a jednotlivych doli na sva-
zich Kosova (vychodni ¢ast, orientace mapy smérem k zapadu)
z 19. stoleti (Moravsky zemsky archiv).

Fig. 5. Section of map of extraction paths and mines on the
slopes of Kosov hill (eastern part, map oriented towards the
west) from the 19th century (Moravian Land Archives).

23
24
25
26
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Moravsky zemsky archiv, fond D16, sign. S-2, pol. S 7, karton 170.

pracovalo asi 50 hornikti a zpracovalo se 18 482 centyit
rudy. O dva roky pozdégji byly vsak doly neposkytujici zisk,
uzavieny a nadale byly jen udrzovany vétSinou pouze 2 az
3 délniky do roku 1937.23

Doly na Javorovém vrchu spolu i jejich infrastrukturu za-
chytilo mapovani Stabilniho katastru v roce 1836 (obr. 6).24
Pii zapadni hranici rozlehlého katastru Malé Moravky na
pravém biechu Bélokamenného potoka pobliz Hradeckého
mostu (Gritzerbriicke) se zde nachazi stavebni soubor sesta-
vajici ze tif dievénych a jedné zdéné stavby. Dveé mensi die-
véné budovy na pozemcich ¢. 202 a 204 jsou identifikovany
jako Wort Gottes a Sarkander stollen a jedna se tedy nepo-
chybné o jdmové budovy, zdénou stavbu na stavebni parce-
le €. 203 pak mtizeme ztotoznit podle planu dolovych mér
pravdépodobné z 50. let 19. stoleti s kovarnou (Bergschmie-
de), zatimco vétsi dievéna stavba s parcelnim ¢&. 205, ktera
se prucelim pfimyka ke komunikaci, je zde oznacena jako
cechovna (Zechenhaus).25 O néco severnéji, na levém biehu
potoka, je pak v indikacni skice stabilniho katastru vyobra-
zen mensi obdélny utvar oznaceny jako roStova pec (Roest
Offen). Cechovna s kovarnou je vynesena i v dal§im planu
dolovych mér z roku 1850 a nasledné pak i v dalSich mapo-
vych podkladech (napft. 3. vojenské mapovani, topograficka
mapa 1:50000 z roku 1952), zatimco kolmé letecké snimky
z let 1937 a 1946, jakoz i mapa evidence nemovitosti z let
1976-1985, jiz kovarnu nezachytily,26 takze je pravdépo-
dobna jeji demolice nékdy v pribéhu 1. poloviny 20. stoleti.
Cechovnu zaznamenal letecky méfi¢sky snimek naposledy
v roce 1962, na dal§im z roku 1971 jiz chybi a dnes se na
jejim misté nachazi vegetaci zarostla destrukce.

Obr. 6. Vyfez z indikaéni skici Stabilniho katastru z roku 1836 s jamo-
vymi budovami doli Sarcander a Wortgottes, cechovnou a kovarnou
(Zemsky archiv Opava).

Fig. 6. Section of indicative sketch of the Franciscan Cadastre from
1836 with pit buildings of the Sarcander and Wortgottes mines, a guild-
hall and a forge (Land Archives, Opava).

Zemsky archiv Opava, fond Stabilni katastr slezsky, inv. ¢. 191, sign. SI. 270, karton 46.

MZA, fond D16-mapy, ¢. 484-3.
https://ags.cuzk.cz/archiv/
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ZELEZARSTVi

Huté v Malé Moravce vcetné zelezorudnych dolt v okoli
byly uvedeny do provozu patrné jiz pted rokem 1610, a to
zasluhou Hynka mladSiho Bruntalského z Vrbna.2” Doly
zasobovaly tii huté (dolni hamr, prostiedni hamr a horni
hamr) v Malé Moravce, zminéné v urbati z roku 1618.28 Ty
tvotila kromé nejméné sedmi dymacek rovnéz jedna vyso-
ka pec.

Provoz huti a Zelezorudnych dolti nebyvale vzkvétal
v pribéhu tiicetileté valky, Do konce tficetileté valky (tj.
béhem sedmi let do roku 1648) pak bylo zdejSimi huté-
mi vyprodukovano celkem 33 795 centyid (jeden centyt
= 52,9 kg) zkujnéného zeleza. Vliv na nebyvaly rozmach
produkce zdejsich huti méla bezpochyby skutecnost, Ze
velmistrem fadu némeckych rytifi se roku 1642 stal olo-
moucky biskup, habsbursky arciknize Leopold Vilém,
jemuz bylo zaroven doCasné svéfeno vrchni veleni nad
habsburskou armadou. Jeji materialni zajisténi zbranémi,
a zejména munici, pochopitelné¢ velmi ochotné saturoval
produkei vlastnich podnikti, coz se tykalo nejen huti v Ma-
1¢ Moravce, nybrz také huti ve Frydlant¢ nad Ostravici na
hukvaldském panstvi, jedné z mnoha mensalnich drzav
olomouckého biskupstvi. Podnik v Malé Moravce sestaval
v zé&véru tricetileté valky ze dvou slévaren (vysokych peci)
a tfi hamrt, v nichZ pracovalo kromé Sesti hutmistri rovnéz
12 hutnikti obsluhujicich vysoké pece, dale 15 hamerniki
(kovait), ti lesti¢i kovi a pét sypacu dievéného uhli. Pti
hutich byli kromé tohoto persondlu zaméstnani rovnéz dva
hlidaci. V roce 1643 byl sice provoz huti doc¢asné zastaven
s ohledem na pfitomnost $védskych vojsk, avsak za nékolik
tydnu byla jejich ¢innost opét obnovena a podnik neutrpél
na rozdil od vrchnostenskych dvort a bruntalského zamku
takika zadné Skody. Tydenni produkce v roce 1647 tak Ci-
nila dokonce 125 centyit ty¢ového Zeleza.?9 Znacné Skody
utrpély huté v Malé Moravce teprve disledkem plundro-
vani $védskymi vojsky pocatkem roku 1648, takze vyro-
ba musela byt doc¢asné ukoncena. K obnové dilni ¢innosti
a provozu huti doslo v pribéhu roku 1650. V Malé Morav-
ce se pocatkem padesatych let 17. stoleti nachazely tfi vy-
soké pece a pét frySovacich hamrd, jejichz roéni produkce
predstavovala okolo 3600 centyit tyCového zeleza.

V disledku vybudovani konkurenéniho podniku v Karlo-
veé pocatkem devadesatych let 17. stoleti doslo k citelnému

27 Irgang, W. 1971: Freudenthal als Herrschaft, s. 25.
28 ZAO, fond Velkostatek Bruntal, inv. ¢. 2, fol. 166, 169—170.

nedostatku dievéného uhli v okoli Malé Moravky. Vel-
mistr fadu némeckych rytifd, Ludvik z Ampringenu, te-
dy rozhodl o pfesunuti vyroby do Ludvikova. Zde byla
v letech 1703-1704 zfizena hut' s vysokou peci, hamrem
a kovarnou, zpracovavajici zeleznou rudu z oblasti Malé
Moravky30 a zasobovana difevénym uhlim z blizkého okoli
Ludvikova a Hubertova (dnesni Karlova Studanka).

Po roce 1876 byla ukoncena téZba ve zdejsich dolech a do
utlumu se dostaly i zdejsi zelezarny. Na tpadku se podepsa-
ly zastaralé zpracovatelské technologie zalozené na spotie-
beé dievného uhli, a tim i nekonkurenceschopnost zdejsich
zelezaren vuci tiineckym a vitkovickym zelezarnam, jejichz
provoz byl spjat s kamennym uhlim a zpracovanim lehce
tavitelnych sideritovych rud z Uher. Zelezarny v okoli Malé
Moravky byly definitivné opustény v roce 1914.31

VYROBA DREVENEHO UHLI

Zelezarny v Malé Moravce byly od pogitku zavislé na
produkci kvalitniho difevéného uhli, ziskavaného palenim
dfeva z okolnich lesti. Kuptikladu v roce 1622 bylo zapotie-
bi povozy k hutim dopravit 40 mazi dievéného uhli (1 maz
=419,1 1 o vaze 68,6 kg).32 Se zvySenim objemu produk-
ce se zvySovala rovnéZ nutnost zajistit pravidelné dodavky
dievéného uhli. V roce 1642 ¢inila ¢tvrtrocni spotieba dieva
nutného k vyrobé difevéného uhli pro zdejsi huté vice nez
170 kop a putl sahu. Na kaceni okolnich lest a dovozu té-
to strategické suroviny byla v plné mife vyuzivana prace
poddanych, pticemz kupiikladu v roce 1643 byli poddani
povinni tii dny v tydnu k milifistim stahovat pokacené die-
vo, a zaroven museli do huti v Malé Moravce povozy (v zi-
mé pomoci taznych sani) dopravit tydné¢ 24 fir dievéného
uhli. Neustale rostouci pozadavky pfisunu difevéného uhli
vypalovaného v okolnich lesich v poslednich letech triceti-
leté valky zajistovalo celkem osm uhlifskych mistrd, 16 pa-
cholku a chlapctl, 24 nakladaci a 16 povoznikl. Na vyrobé
drevéného uhli a jeho dopravé k hutim se kromé téchto za-
meéstnanct podilela v rAmci povinnosti vii¢i vrchnosti rov-
néz Cast poddanych z bruntalského panstvi, zejména z Malé
Moravky a okolnich vsi. Dodejme, Ze ve Ctyficatych letech
17. stoleti zdejsi huté potiebovaly ke svému provozu oko-
lo 400 kop dievéného uhli.33 Po nucené prestavce v plném
provozu huti v letech 1648-1650 byla obnovena v plném
rozsahu rovnéz produkce dievéného uhli.34

29  ZAO, fond Némecti rytifi, inv. ¢. 444, sign. Rub. 40, fasc. 20, karton 69; Irgang, W. 1971: Freudenthal als Herrschaft, s. 124, 126. Nelze tedy souhlasit
s tvrzenim Milana Mysky, Ze jiz tehdy ¢innost zdejSich huti az do pocatku padesatych let ustala. Viz Myska, M. 1954: D¢jiny zelezaren, s. 198.
30  ZAO, fond Némecti rytifi, inv. ¢. 444, sign. Rub. 40, karton 69; Irgang, W. 1971: Freudenthal als Herrschaft, s. 183.

31 Demgik, Z. 1979: Zelezarny v Malé Moravece, s. 75.

32 ZAO, fond Némecti rytifi, inv. ¢. 444, sign. Rub. 40, fasc. 20, karton 69; Dosoudil, J.: Das Bergwerck in Klein Mohrau in Schlesien im Jahre 1618.
Zeitschrift des Deutschen Verein fiir Gesichte Méahren und Schlesien 1938, ¢. 1, s. 131-132; Lomi¢, V.: Seznam historickych podkladd, s. 2; Myska,
M.: D¢jiny zelezaren, s. 196-197; Irgang, W. 1971: Freudenthal als Herrschaft, s. 88-89.

33  ZAO, fond Némecti rytifi, inv. ¢. 444, sign. Rub. 40, fasc. 20, karton 69; Irgang, W. 1971: Freudenthal als Herrschaft, s. 118.

34 ZAO, fond Némecti rytifi, inv. ¢. 1376, sign. Odd. 1V, lit C, piihr. 27, karton 147; Irgang, W. 1971: Freudenthal als Herrschaft, s. 133, 141-142.
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V dtsledku vybudovani konkurenéniho podniku v Kar-
lové pocatkem devadesatych let 17. stoleti doslo k ci-
telnému snizeni potencidlu surovinové zakladny nutné
k provozu huti (dfevéného uhli). Velmistr fadu némeckych
rytift, Ludvik z Ampringenu, tedy rozhodl o pfesunuti vy-
roby do Ludvikova.35 Pfenesenim hutni vyroby do Ludvi-
kova utrpéli pfedevsim poddani, na jejichz bedrech nadale
zustavala povinnost podilet se na myceni lest, stahovani
dfeva k milifiStim a nasledné dopravy dievéného uhli do
huti, nyni vzdalenych od milifist’ vice, nez tomu bylo diive.
V prubéhu druhé dekady 18. stoleti tak musela sprava brun-
talského panstvi i sam velmistr fadu némeckych rytifa fesit
cetné stiznosti na zvysenou naro¢nost obvyklych potaznich
robot a viibec vSech praci spojenych s produkci dievéného
uhli. Této suroviny byl stale citeln&jsi nedostatek, coz ved-
lo k vynucenému snizovani objemu hutni vyroby.36

V pribé¢hu druhé ctvrtiny 18. stoleti bylo dfevéné uh-
li pro potieby ludvikovského hutniho podniku vyrabéno
prevazné v milifistich v bezprostfednim okoli Hubertova.
Zvysujici se objem vyroby kladl pfirozené vysoké naroky
na piisun dievéného uhli, o ¢emz vymluvné svéd¢i smlouva
z roku 1774 mezi tadem némeckych rytiiti a spravou statkd
vratislavského biskupstvi o odbéru 4000 sahti dieva.37

Vyroba dfevéného uhli neunikla ani pozornosti geo-
metrl pofizujicich v roce 1836 indikacni skici stabilniho
katastru obce Mala Moravka.38 Pobliz zapadni hranice
katastru, na levém bfehu Moravice, nedaleko jejiho pra-
mene ve Velkém kotli je misto oznacené jako Kohlstaed-
te (uhlisté), od kterého vychazi cesta s ndzvem Kohlweg
(Uhlifska cesta) sledujici tok Moravice, jez byla v 19. sto-
leti zaroven hranici Bruntalského a Janovického dominia
a také zemskou hranici. O néco jiznéji je na tuto cestu
napojeno dalsi uhlisté, na kterém jsou jiz vyznaceny dva
milife (obr. 7). Kohlweg se pak zdpadné¢ od Kaplickového
vrchu napojuje na cestu do Karlova v mistech, kde se dle
topografické mapy II. vojenského mapovani nachazely
zelezaiské provozy. Tatdz mapa pak jesté zachytila pobliz
vrchu Kosova mensi budovu oznacenou jako Koéhlerhaus
(Uhlifsky dtim).39

TERENNI VYZKUMY

1. Rudy

V letech 2019-2020 probihal na Javorovém vrchu terén-
ni vyzkum zamétfeny na vysbirani jednotlivych typa rud
z odvaltl a rudnich hald. Zajimavym zji§ténim je prevazuji-
ci vyskyt spekularitovych rud u dolt na jiznim svahu Javo-
rového vrchu a naopak vyssi zastoupeni rud s magnetitem

35 ZAO, fond Némecti rytifi, inv. ¢
36 ZAO, fond Némecti rytifi, inv. ¢. 444, sign. Rub. 40, karton 69.

37 ZAO, fond Némecti rytifi, inv. ¢. 338, sign. Rub. 17, fasc. 20, karton 51.
38 ZAO, fond Stabilni katastr slezsky, inv. ¢. 191, sign. Sl. 270, karton 46.

39  https://mapy.cz/19stoleti
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Obr. 7. Vyfez z indikaéni skici Stabilniho katastru z roku 1836 s milifistém
a Uhlifskou cestou (Zemsky archiv Opava).

Fig. 7. Section of indicative sketch of the Franciscan Cadastre from 1836
with a charcoal kiln and Coal Road [Uhlirska cesta] (Land Archives,
Opava).

na severnim svahu. Nasledoval makroskopicky popis na-
lezenych rud a pokus o identifikaci s historickymi nazvy.

Oxidickeé rudy

v

Nejrozsitengjsi jsou hematitové rudy. Jedna se o rudy ob-
sahujici hematit a kiemennou slozku. VySe metamorfova-
né typy mohou obsahovat i magnetit. Cisty jemnozrnny az
masivni hematit cervenohnédé barvy byl nalezen pouze na
jednom vzorku u dolu Schiitzenzeche (obr. 8). Nejcastéji se
jedna o jemnozrnnou az masivni tmavohnédou, hrub¢ pas-
kovanou rudu, v niz se stfidaji nezietelné pasky s riznym
pomérem hematitu a kiemene, misty doprovazené jemné
vtrouSenym magnetitem. Tento typ postupné piechazi az
do typu prokiemenélé hematitové rudy, v niz jsou uzavie-
na ocka nebo pasky ¢erveného jaspilitu (obr. 9). V riznych
forméch byla zaznamenana jak na jiznim, tak na severnim
svahu Javorového vrchu. Podle vzhledu by mohla odpovi-
dat historickému typu Braun Erz.

Ve vyse metamorfovanych zonach se hematit méni na
spekularit, coz je slozenim stejny mineral, ktery je Cerny,

. 444, sign. Rub. 40, karton 69; Irgang, W. 1971: Freudenthal als Herrschaft, s. 183.
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Obr. 8. Hnédy masivni hematit s zilkami pyritu (dtl Schiitzen).
Fig. 8. Brown massive hematite with pyrite veins (Schiitzen Mine).

Obr. 10. Spekularit na kifemeni (jama Antoni).
Fig. 10. Specularite on quartz (Antoni Pit).

Obr. 9. Masivni hematit s Cervenymi oky jaspilitu (jama Urlich).
Fig. 9. Massive hematite with red jaspilite eyes (Urlich Pit).

silné stiibrité leskly. Spekularitové rudy tvoii malo mocné
polohy na kontaktu s kiemennou zilovinou nebo i v ni, na
rozhrani zrn (obr. 10). Zilovina nékdy obsahuje zakalené
zivee. Spekularit se olupuje ve vrstvickach, které mozno
najit i samostatné na odvalech, lehce se lamou a zvétravaji.
Podle popist 1ze tuto rudu identifikovat jako Spiegelerz.
Nalezena byla u jamy Wortgottes- Hauptschacht a hlavné
na dolech na jv. svahu Javorového vrchu (Stola Hylari s ja-
mami a Wasserschacht).

Méné casté jsou jaspilitové rudy tvofené kiemennou
hmotou (jaspilitem), v niz je jemné rozptylen hematit nebo
i magnetit, ktery ji zbarvuje (obr. 11). Typicky je lasturna-
ty lom. Na dole Schiitzenzeche je jaspilit tmavy az ¢erny
s jemné rozptylenym magnetitem, odpovidajici historic-
kému typu Schirmigen nebo Sperber. Podobna ruda byla
nalezena i na rudni haldi¢ce dolu Wasserzeche. Na odvalu
dolu Martin byl nalezen jeden vzorek jaspilitové ¢ervené
masivni rudy.

Obr. 11. Cerveny jaspis (jama Martin).
Fig. 11. Red jasper (Martin Pit).

Zasadité rudy

Jde o typ rud tvofeny hlavné magnetitem chloritem, pfi-
padné karbonatem. Ze zasaditych rud jsou Cast¢jsi magne-
titové rudy s obsahem karbonatii (jama Georg). Vyskytuji
se ve dvou zakladnich typech, jako paskované, kdy ¢erné
pasky jemnozrnného magnetitu se stfidaji s bilym nebo
nartzovélym karbonatem (obr. 12), a rudy s vtrousenym
magnetitem v karbonatové hmoté, ktera byva zbarvena do
zelena ptimési chloritu (obr. 13). Tento typ jsme nalezli na
odvalu jamy Martin, ktery se co do nalezi rud vyznacoval
velkou pestrosti. Podle pfitomnosti karbonati Ize soudit,
7e tento typ muze odpovidat samotavitelnym rudam typu
Blaue Erz nebo Fluss Erz.

Rudy s magnetitem a chloritem jsou ¢astéjsi (doly Schlo-
gel, Wasserzeche, Chrystof, Rochus a Georg, Gallus). Jed-
na se o tmavozelené az ¢erné jemnozrnné paskované rudy,
kde se stfidaji prokfemenéné pasky bohaté magnetitem
s pasky magnetit-chloritovymi (obr. 14). Pouze ojedin¢le
byly nalezeny vzorky s véts$imi idiomorfnimi krystalky
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Obr. 12. Sedy karbonat s jemnym magnetitem a ttrzky hematitu (Gallus).
Fig. 12. Grey carbonate with fine magnetite and fragments of hematite
(Gallus).

Obr. 14. Kontakt zelené chloritové rudy s magnetitem a Sedohnédé
magnetitové rudy (dal Rochus).

Fig. 14. Contact of green chlorite ore with magnetite, and grey-brown
magnetite ore (Rochus Mine).

Obr. 13. Impregnace hrubozrmného magnetitu (Wasserzeche).
Fig. 13. Impregnation of coarse-grained magnetite (Wasserzeche).

magnetitu (1-2 mm). Z historickych nazvt lze tomuto ty-
pu rud ptifadit nazvy Graue Erz. Na rudni haldi¢ce dolu
Wasserzeche a Schiitzenzeche (severni svah Kopiivné)
tvoii prokiemenély magnetit i samostatné mocnéjsi polohy,
misty prorazené pri¢nymi tenkymi zilkami kiemene. Kusy
rudy jsou masivni, matné, az s lasturnatym lomem a s pfe-
vahou kiemenné slozky piechazi az do jaspilitovych rud.
Svym charakterem by mohly odpovidat historickému typu
Schirmigen nebo Sperber.

Chloritické rudy jsou vzacné a tvoii pouze mensi polohy.
Chlorit tvoii masivni polohy nebo vrstvicky stfidajici se
s magnetitem. Cisté chloritické rudy jsme nalezli jen na od-
valu dolu Schlogel. Slo o témé&t masivni, m&kkou, tmavo-
zelenou rudu bez paskovani nebo zfetelnych zrn (obr. 15).

Zvétralinové rudy

Zemity limonit byl nalezen jen sporadicky v malém
mnozstvi napt. na dolech Kajetan nebo Alte Zeche (Ursula).
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Obr. 15. Masivni zelena chloritova ruda (dal Schlogel).
Fig. 15. Massive green chlorite ore (Schlogel Mine).

U tézitelnych poloh muselo jit o nahromadéni limonitu
v krasovych dutinach, v pfipovrchovych ¢astech nebo podél
tektonickych linii, kde mohlo probihat intenzivnéjsi zvétra-
vani primarnich rud. Historicky se pravdépodobné jednalo
o typ Gelbe Erz, nebo Sandartige Braun Erz. Pokud byl li-
monit zpevnény, Slo zfejmé o typ Frischartige Erz. Tento
typ nebyl na odvalech nalezen.

Ostatni

Nalezy sulfidickych rud jsou vesmés mineralogického
vyznamu. Pyrit byl nalezen na odvalech dolu Martin, na
odvalu u dolu Alte Zeche (Ursula), chalkopyrit spolecné
s pyritem na odvalu jamy Hilari — Forderschacht a mezi
doly Rochus a Gallus. Zajimavy byl vzorek z odvalu $to-
ly Schiitzenzeche, na némz jemné (vlasové) pyritové zilky
prorazeji polohu hematitové rudy a pfilehlou horninu.
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2. Digitalni model reliéfu

V letech 2018-2020 byla plocha na severovychodnim
svahu Javorového vrchu detailné zamétena MiloSem Te-
jkalem s pouzitim pozemniho laserového skeneru FARO
Focus 3D S120. Jednalo se o plochu 150 x 100 m dilniho
komplexu Simon-Juda a plochu 330 x 130 m dilniho kom-
plexu Bartolomeus — Martin. Z digitalniho modelu reliéfu
byly nasledné interpretovany terénni hrany, u nichz byl uci-
nén pokus jejich interpretace (obr. 16).

Centralnim objektem u komplexu Simon-Juda je vy-
razna povrchova dobyvka — Simon-Juda Grossen Pingen
(obr. 17). Velmi dobfe je mozno interpretovat téi dulni ta-
hy severovychodniho sméru, pficemz prostredni a jihovy-
chodni je podfaravan otvirkovymi $tolami. Jizn¢ od velké
dobyvky byl vymezen prostor technického zazemi, vhodny
k naslednému archeologickému prizkumu. Kromé zietel-
nych morfologickych tvarti byly zaznamenany uzké plosi-
ny ve sméru vrstevnic oddélené nizkymi svahy, porusované
hornickymi dily. Tvary je tak mozno oznacit za starsi a mo-
hou reprezentovat prvotni prizkumné prace (obr. 18).

Druha plocha komplexu doli Bartolomeus a Martin je
z hlediska morfologické analyzy pestrejsi, i kdyz postihu-
je stejné fenomeny. V oblasti dolu Martin lze interpretovat
dv¢ sbihajici se rudni struktury, které byly tézeny zprvu

Obr. 16. Digitalni model terénu zaméfeny MiloSem Tejkalem.
Fig. 16. Digital terrain model surveyed by Milo$ Tejkal.

Obr. 17. Dul Simon-Juda, ¢ast Grossen Pingen, pohled od zapadu (foto
M. Zezula).

Fig. 17. Simon-Juda Mine, section Grossen Pingen, view from the west
(photo M. Zezula).

Obr. 18. Interpretace digitalniho modelu terénu z oblasti dolu Simon-
Juda (1 — Grossen Pingen, 2 — Urlenschacht, 3 — Alter Kunstschacht,
4 — Gebrachenschacht, 5 — Hedwig Stollen; ¢arkované — dilni tahy, zluté
— terénni ploSiny po vrstevnici, zelené — technické zazemi).

Fig. 18. Interpretation of digital terrain model of the Simon-Juda Mine
area (1 — Grossen Pingen, 2 — Urlenschacht, 3 — Alter Kunstschacht,
4 — Gebrichenschacht, 5 — Hedwig Stollen; lines — mine corridors, yellow
— terrain plateaus along contour lines, green — technical facilities).

povrchovymi dobyvkami typu zuzujicich se zateza, v jejichz
uzavérech byla rudni struktura sledovana tklonnymi jama-
mi. Zafezy porusuji terénni stupné protazené po vrstevni-
cich. Na rozdil od stupiid u komplexu Simon-Juda jsou §irsi
a prubéznéjsi. Pod dolem Schirmigen se tento stupen podoba
pluzing. Dale je mozno interpretovat n¢kolik zasutych jam
doprovazenych odvaly. Nejmladsi jsou pak jamy souvisejici
s razbou $tol. Nejveétsi je jama dolu Martin (obr. 19).

Spodni ¢ast prométované plochy zobrazuje stejné feno-
mény, ale vzhledem ke znaénému naruseni nejmladsi etapou
jam souvisejicich se Stolou Wortgottes je mén¢ instruktivni.
Zvlasté terénni stupné jsou zachovany pouze v reliktech.
Novym prvkem je identifikace plosin, které mohly byt vy-
uzivany jako pracovni pfi t€Zb¢é nebo tGpravé rud, ale neni
mozné vyloucit ani jiné vyuziti, napt. sidelni (obr. 20).

3. Archeologicky vyzkum
1. Miliiisté v okoli sedla Hvézda

Archeologicky vyzkum se v prvni fazi zaméfil na evidenci
pozustatkd po vyrobé dievéného uhli v severozapadni cas-
ti katastru obce Podlesi pod Pradédem, ktera byla podobné
jako sousedni Mala Moravka a Ludvikov soucasti Bruntal-
ského panstvi, a zdejsi lesni porosty byly soucasti suro-
vinové a energetické zdkladny Zelezaren Cinnych v obou
obcich. Identifikdtorem vyroby difevéného uhli jsou zde
cetna milifiste, tedy v terénu vytvorené plosiny kde staval
milit, v némz se difevéné uhli vyrabélo karbonizaci dieva
za vysokych teplot bez pfistupu vzduchu. Terénni vyzkum
byl proto zaméten na cilené vyhledavani téchto pracovnich
plosin. Jako hlavni vyzkumna oblast byly zvoleny svahy
Prostfedni skaly (ostrozna 894-882 m. n. m.) a zapadné na-
vazujici mirné k jihu klesajici tidoli bezejmennych potokt
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Obr. 19. Interpretace digitalniho modelu terénu z oblasti dolu Martin
(A — Schirmigenzeche, B — Bartolomeischacht, C — Bartolomei
Neu Wetterschacht, D — jama Martin, 1 — rudni polohy, 2 — terasové
stupné, 3 — zatezy, 4 — prohloubeni zafezli jamami, 5 — mladsi jamy,
6 —jamy s vazbou na $tolu.

Fig. 19. Interpretation of digital terrain model of the Martin Mine area
(A — Schirmigenzeche, B — Bartolomeischacht, C — Bartolomei Neu
Wetterschacht, D — Martin Pit, 1 — ore locations, 2 — terrace steps,
3 —incisions zafezy, 4 — pit depressions prohloubeni zafezi jamami,
5 — younger pits, 6 — pits linked to gallery.

pod Hvézdou (865 m. n. m.), nachazejici se v severozapad-
nim vybézku katastru. Zkoumany prostor byl na severu vy-
mezen silnici ¢. 450 z Karlovy Studanky do Podlesi a na
zapade silnici ¢. 445 z Karlovy Studanky do Malé Moravky
(silnice jsou 1 hranicemi katastru). Tyto komunikace pravdé-
podobné slouzily jiz jako historické cesty pro pievoz dieve-
ného uhli do Malé Moravky a Ludvikova. Zajmové tizemi
se nachazi ve svazitém terénu v nadmotské vysce 875-765
m. n. m. a ma rozlohu cca 1,22 km2. Vysledky detailniho
vizualniho prizkumu mohou byt v budoucnu komparova-
ny s daty, které pfinesla analyza digitalniho modelu reliéfu
z dat laserového leteckého skenovani, které prostor me-
zi Malou Moravkou a Ludvikovem ukazuje jako vyrazné
centrum vyroby dievéného uhli s fadoveé stovkami milifist,
koncentrovanych v polygonu o rozloze cca 50 km?2.40

Pii rekognoskaci terénu bylo identifikovano 49 milifist
(M1-M49, M43 je ale nejisté) spolu se soustavou Gvozo-
vych cest, které slouzily k transportu dfeva a dfevéného
uhli (obr. 21). VétSina milifist’ se nachazela v blizkosti
vodniho zdroje, jednotlivé ploSiny byly umistény ve vys-
Sich polohach nad vodoteci nebo pfimo nad pramenistém.

Obr. 20. Interpretace digitalniho modelu terénu z oblasti dolu Bartolomeus
(A — Wortgottesschacht, B — Alteschacht, C — Spiegelschacht 1., D —
Spiegelschacht II, E — $tola Martin, F — kovarna, G — cechovna, 1 — rudni
polohy, 2 — terasové stupné, 3 — zatezy, 4 — prohloubeni zafezii jamami,
5 —mladsi jamy, 6 — jamy s vazbou na $tolu, 7 — plosiny).

Fig. 20. Interpretation of digital terrain model of the Bartolomeus Mine
area (A — Wortgottesschacht, B — Alteschacht, C — Spiegelschacht 1., D
— Spiegelschacht II, E — Martin Gallery, F — forge, G — guildhall, 1 — ore
locations, 2 — terrace steps, 3 — incisions, 4 — pit depressions, 5 — younger
pits, 6 — pits linked to gallery, 7 — plateaus).

Obr. 21. Dokumentovana milifist¢ (M1 — M49) a polozemnice (PZ1
— PZ4) v severozapadni casti katastru Podlesi pod Pradédem (P. Malik,
podklad CUZK).

Fig. 21. Documented charcoal kilns (M1-M49) and pit-house (PZ1-PZ4)
in the northwestern part of the Podlesi pod Pradédem cadastre (P. Malik,
basic map CUZK).

40 Bobek, P. — Brejcha, R. — Dejmal, M. — Houska, J. — Johanis, H. — John, J. — Pfibylova, M. — Sedlackova, L. — Suchankova, S. — Szabo, P. — Simik,
J. 2021: Uhlirstvi a jeho archeologické doklady — historicko-archeologicky pohled na provozovani rFemesla. Archeologia technica 32, s. 31-56.
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Vétsi vzdalenost od vodniho zdroje (cca 150 m) vykazova-
ly pouze milifiste¢ M17-M19 na zapadnim a M43-M46 na
jihovychodnim svahu Prostfedni skaly. Nalezena milifiste
byla situovana co nejblize surovinového zdroje, tedy pfi-
mo v zalesnéném tizemi, kde dfevorubci dodavali potieb-
né pokacené stromy pro paleni dievéného uhli.4 Milifiste
byly v terénu rozeznany jako kruhové nebo ovalné plochy
o pruméru v rozmezi cca 10-20 m, opticky vodorovné za-
fiznuty do svahu. Pro ovéfeni jejich spravné interpretace
byla vzdy v milifisti provedena sondaz pedologickou tyci
nebo vyhloubena drobna sonda, ktera zachytila rizné moc-
nou vrstvu uhlika.

Plocha milifiste slouzila i jako pracovni plo§ina — prostor
pro praci s dymniky a dal§im udrzovanim nestabilniho pfi-
krovu milife, ktery se musel kontrolovat a hlidat po celém
svém obvodu. Velikost samotného milife mtizeme odhado-
vat podle plochy milifiste, tedy milife, které staly uprostied
nami zjisténych plosin, mohly dosahovat priméru od 5 m
do 15 m (pokud se jednalo o zakladni typy milift slovan-
ského, némeckého nebo vlasského typu s kruhovym ptdo-
rysem, tzv. stojaté milife42). Jejich velikost byla ovlivnéna
i vyuzitim obvodové plochy terénu kolem télesa milite,
kterou uhlit potfeboval jako manipulacni a kontrolni pro-
stor. Vyska milife se taky rliznila a mohla ¢init napfiklad
od2mazdo4m.

O cely vyrobni proces se staral uhlif, ktery mél po-
mocnika (pomocniky) a v ramci efektivity vyroby praco-
val 1 na n€kolika milifich najednou.43 Prace u milifa byla
rozfazovéana na nékolik ¢innosti, napfiklad jeden milit byl
zapalen a probihala zde hlidana karbonizace dreva, druhy
milif se stavél a dalsi, jiz vypaleny milii byl rozebiran,
kde vyrobené devéné uhli bylo pytlovano a pfipravovano
pro distribuci.44 Proto zde byly nékteré milife soustfedény
do tzv. baterii, které se skladaly ze dvou (osm baterii), tii
(pét baterii) a ¢ty (dveé baterie) milifd. Samostatnych mi-
litist’ bylo v terénu nalezeno deset.45 U milifist M1, M4,
M24 a M48 byly nalezeny terénni anomalie v podob¢ ob-
délnych zahloubenych jam (PZ-1 — PZ-4), které po tiech
obvodovych stranach lemovaly valy z vyhloubeného ma-
terialu (obr. 22).46 Tyto terénni relikty interpretujeme jako

Obr. 22. Milifist¢ M1 s PZ1, M2 a M16 v superpozici se stiedovékym
vodnim kanalem v digitalnim stinovaném modelu terénu zaméfeny
Milosem Tejkalem.

Fig. 22. Charcoal kilns M1 with PZ1, M2 and M16, superimposed with
medieval water channel in digital shaded terrain model surveyed by Milo$
Tejkal.

pozustatek polozemnic,4” které mohly slouzit jako tkryty
pted nepfizni pocasi pro uhlife a jeho pomocniky.

V ramci zkoumani milifist’ byl proveden i namatkovy detek-
torovy prizkum, ktery v samotné plose a v ptilehlém prostoru

41 Na historickych mapach L., II. a III. vojenského mapovani a cisai'skych otiscich stabilniho katastru je zkoumany prostor vyobrazen jako rozsahlé
a v podstaté celistvé zalesnéné tizemi, na leteckych fotografiich od r. 1937 je zaznamenana primyslova pasova tézba lesa, v roce 1955 je jiz dotéené
uzemi zna¢né odlesnéno (https://geoportal.gov.cz/, https://ags.cuzk.cz/, http://oldmaps.geolab.cz/).

42 Kadera, J. 2014: Technologie vyroby drevéného uhli pod nestabilnim prikrovem. Archeologia Technica 25, s. 40.; Bobek, P. — Matousek, V. 2015:
Mok#ina. Prispévek ke studiu pdleni dievéného uhli v Cechdch v novovéku. In: V. Matousek — T. Blazkové (eds.). Les a industrializace. Praha,

S. 62-63.

43 Kaucka, K. 2015. Uhliri na Krivoklatsku v 19. stoleti. In: V. Matousek — T. Blazkova (eds.). Les a industrializace. Praha, s. 89-90.
44 Knechtova, A. 2016: Povrchovy prizkum milifist a dalsich moznych marginalnich archeologickych reliktii v jihozapadni ¢asti Drahanské vrchovi-

ny. Zpravy pamatkové péce 75/6, s. 549-550.

45  Pocet nalezenych milifist nemusi odpovidat skutecnému piivodnimu poctu vytvofenych plosin. Nékdy bylo blizké okoli milifist’ zna¢né ponic¢eno
pramyslovou tézbou dieva a jeji infrastrukturou (zejména lesni cesty a svaznice, shluk vyvrati), a tak potencionalni dalsi plo§ina nemusela byt jiz

v terénu rozeznana (napi. u M31, M40, M44).

46  Jamy i po erozi svych vnitfnich stén dosahovaly hloubky cca 0,6-0,9 m (od vrcholu valu), vnitini délka ¢inila 2 - 3 m, pricny profil mél tvar V. Val
prevysoval okolni terén o 0,4-0,6 m. Kratsi stranu jamy bez valu interpretujeme jako vstup.
47 Cerny, E. 1979: Zaniklé stredovéké osady a jejich pluziny. Studie CSAV ¢&. 1. Praha, s. 64—65.
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milifist zachytil Zzelezné predméty. Veskeré ziskané archeo-
logické nalezy se nachazely v hloubce max. 10 cm v humu-
sovité hling, spocivajici pod tenkym horizontem svrchniho
lesniho humusu, tedy v malé hloubce. U miliiSit¢ M1 a ze-
jména v polozemnici PZ-1 byly napt. nalezeny 10-15 cm
dlouhé priimyslové vyrabéné hiebiky, které pravdépodobné
souvisely se zastfeSenim polozemnice. Datuji tedy jeji vyu-
zivani i v 19.—1. poloviny 20. stoleti. V prostoru milifist’ M2
a M3 byly nalezeny kované objimky z voz a jejich kol, naboj
kola a obruc¢ kola voziku. V naboji kola a na jedné obruci kola
voziku byla stale zachovana pivodni hmota dieva, to svéd¢i
o malém staii nalezu (max. 19. stoleti). Dalsi obru¢ kola vozi-
ku byla nalezena v uvozové cesté¢ mezi milifistém M2 a M4.
V milifisti M5 se nachazely tfi mensi kousky strusky a v pro-
storu milifisté M31 byly nalezeny dv¢ skluznice ze sani (obr.
23). Jediny keramicky nalez byl ziskan z polozemnice PZ-1.
Jednalo se o drobny novoveky zelené glazovany okraj nadoby.

Obr. 23. Skluznice sani nalezené v prostoru milifisté¢ M31 (foto P. Malik).
Fig. 23. Sleigh slides found in the area of charcoal kiln M31 (photo
P. Malik).

Pfi drobné sondazi v plose milifist’ za ucelem zjisténi
pritomnosti uhlikl, byly odebrany vzorky uhlikti pro antra-
kologickou analyzu a analyzu radiokarbonového datovani
14C. Vysledky datace metodou 14C (po kalibraci) trech vy-
branych milifit’ ukazaly ¢asovy rozptyl stari uhlikti do let
1507-1642 n. . (milit M3), 1507-1642 n. 1. (milit M5),
1684-1929 n. 1. (milii M6), 1691-1924 n. 1. (milit M7)
a 1526-1662 n. 1. (milit M8)48. Vzhledem k dobré zachova-
losti ploch vétSiny milifist’ v terénu (zejména M3, M5 a M8)
a novovékym kovovym piedmétim ziskanych detektoro-
vym prizkumem, lze diky radiokarbonovému datovani 4C
uvazovat o dlouhodobém vyuzivani vybudovanych ploch
milifist k paleni dievéného uhli, a to v rdmci staleti (obr. 24).

2. Doly na Javorovém vrchu

V néavaznosti na detailni zaméteni dolt na severovychod-
nim uboci Javorového vrchu metodou leteckého a vybéro-
vé 1 pozemniho laserového skenovani byly vybrané terénni
utvary archeologicky zkoumany metodou plo$né omezeného

Obr. 24. Radiokarbonova datace vzorkt odebranych z militist M3, M5,
M6, M7 a M8 (University of California a Hertelendi Laboratory Debre-
cen, kalibrace L. Petr).

Fig. 24. Radiocarbon dating of samples taken from charcoal kilns M3,
M5, M6, M7, and M8 (University of California and Hertelendi Laboratory
Debrecen, calibration L. Petr).

terénniho odkryvu sondazniho charakteru. Cilem bylo zis-
kat archeologicky material, ktery by umoznil ¢asové zaradit
jednotlivé etapy t€zby v prostoru uméle vytvorenych plosin
a dalSich terénnich tvarti (obr. 25 / S3, S4, S6), ovérit cha-
rakter nalezové situace v prostoru tzv. kovarny (obr. 25/ S1)
a funk¢né interpretovat linearni zdéné substrukce u usti jamy
Martin a nad jamou Spiegelschacht II (obr. 25 / S2 a S5).
Celkem tak bylo realizovano 6 sond o plosné rozloze 1,5—
7,2 m2, které byly ihned po ukonceni jejich exkavace zahrnu-
ty, a reliéf terénu byl uveden do ptivodniho stavu. Odebirany
byly rovnéz vzorky pro specializované ptirodovédné analyzy
(archeobotanickou, mineralogickou a archeometalurgickou).
Na lokalité probehl, jako soucast archeologického vyzkumu,
rovnéz prizkum detektorem kovil. Ziskané nalezy byly pies-
n¢ zaméteny totdlni geodetickou stanici.

Obr. 25. Poloha sond archeologického vyzkumu S1 — S6 v digitalnim mo-
delu terénu z dat laserového leteckého skenovani (CzechGlobe, vizuali-
zace O. Malina).

Fig. 25. Location of archaeological research probes S1-S6 in digital
terrain model from aerial laser scanning data (CzechGlobe, visualisation
O. Malina).

48  Analyzy byly provedeny v laboratotich University of California, Irvine, CA, USA. Earth System Science Dept. (20. 3. 2020, milite M3, M5, M8)
a v Hertelendi Laboratory of Environmental Studies, Debrecen, Hungary (24. 4. 2020, milite M6, M7). Protokoly jsou ulozeny v archivu Odboru

archeologie NPU UOP v Ostravé.
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Sonda S1

Sonda byla vyty¢ena v prostoru zatravnéného palouku
u lesni cesty, kde se dle archivnich map méla nalézat bu-
dova kovarny (viz vyse). Pii exkavaci povrchové vrstvy
hnédé hliny s travnim drnem se objevil recentni vykop s. j.
500 vytvofeny pii geologickém prizkumu, vyplnény na-
lamanymi vyvrty horniny. Tento zasah v severni poloviné
sondy ¢aste¢né narusil archeologické situace nalézajici se
v téchto mistech. Jiz 15 cm pod stavajicim povrchem, po
sejmuti nasledné vrstvy hlinéné planyrky z 20. stoleti s. j.
102 se objevil prvni horizont zbytku novovékého kamen-
ného zdiva s. j. 901, pojeného zlutym jilem s. j. 108 (na po-
vrchu zdi — zplanyrované pojivo). Naslednym snizenim ke
zdi z jihu prilehlé uhlikaté vrstvy s. j. 105 (soucast s. j. 110
- Cista koncentrace uhliki), ktera mize byt zanikovym hori-
zontem, byly odkryty dals$i ¢asti jinych zdi. Tento nalezeny
pozustatek zékladi kovarny ukazal systém Ctyi navzajem
propojenych zdi, zalozenych do jilovitého podlozi s. j. 111
(obr. 26). Ze severni strany se jednalo o vnéjsi zed’ budovy
s. J. 900 a dva pasy zdiva nachazejiciho se na jihu s. j. 902
a s. j. 903, byly soucasti vnitiniho zafizeni architektonické-
ho nebo technologického prostoru. Vychodni zed' s. j. 901,
ktera navzajem propojovala tyto tii soubézna zdiva, mohla
byt také zdi vnéjsi. Pied severni obvodovou zdi kovarny
se dale nalézal mensi horizont zasypu, slozeny pfevazné
z premisténého podlozi s. j. 103 a s. j. 114, pod kterym se
nachazela do podlozi vyjeta dvojice koleji s. j. 501 a s. j.
502. Zapadni vyjeta kolej s. j. 501 sméfovala pod severni
zakladovou zed’ kovarny. Tato zjiSténa situace poukézala na
pritomnost cesty, kterd zde existovala jesté pied vystavbou
kovarny. Nejstars$i novovékou situaci byl zahloubeny objekt
do podlozi s. j. 503 pied severni zdi kovarny, nachazejici
se uprostied mezi vyjetymi kolejemi, které objekt z obou
stran narusily. Pfi severnim okraji mél tento objekt misty do
¢ervena vypalené stény. To v souladu s tG¢elem budovy po-
tvrzuje, ze zde probihal n&jaky pyrotechnologicky proces.

Obr. 26. Fotogrammetrické zaméteni sondy S1 s odkrytymi zdénymi kon-
strukcemi kovarny v superpozici s vyjetymi kolejemi ve star$i komunikaci
(R. Kadlubiec).

Fig. 26. Photogrammetrically measured probe S1 with exposed masonry
structures of factory superposed with ruts in older road (R. Kadlubiec).

Sonda S2

Sonda méla ovérit nizkym valem vymezeny obdélny za-
fez v prostoru jamy Spiegelschacht II (obr. 27). Pti exkava-
ci sondy bylo zjisténo, ze uvedeny utvar byl vlastn¢ odval
— nasep (obr. 28), slozeny z kose deponovanych tmavych
piscitych hlin s drobnou hluSinou a kamenim, s velkym ob-
sahem fylitd (s. j. 102, 111, 108, 109, 110). Pfi severovy-
chodnim okraji sondy byl jiz 10 cm pod povrchem ¢aste¢né

Obr. 27. Sonda S2 od severu (foto M. Zezula).
Fig. 27. Probe S2 from the north (photo M. Zezula).

Obr. 28. Stratigrafie valu vymezujiciho pracovni plosinu na profilu sondy
S2, pohled od severovychodu (foto P. Malik).

Fig. 28. Stratigraphy of dike delimiting working floor on the profile of
probe S2, view from the northeast (photo P. Malik).

zachycen ovalny nebo kruhovy objekt s. j. 500 zahloubeny
do zasypu odvalu, pokracujici dale mimo vytycenou sondu.
Vypln objektu se skladala z premisténého podlozis. j. 112
as.j. 106, tvofeného zlutym kamenitym jilem a nepravidel-
nymi vrstvami uhlika s. j. 103. Déle bylo u severozapadni-
ho okraje sondy zachyceno ohoielé mensi dievo s. j. 700.
Zasyp v severni €asti sondy byl spiSe horizontaln¢ ulozen
a tvortil planyrku tohoto prostoru a smérem k jihu precha-
zel v odval. Sonda nebyla dokopana na podlozi.

Sonda S3

Sonda byla umisténa na rovné plosing, ktera se nachazela
ve svahu v zalesnéném prostoru dobyvek, severozapadné
od jamy Bartolomeus. Po sejmuti povrchové vrstvy lesniho
humusu se objevily tenké planyrky kamenitych hlin (s. j.
101, 102, 103, 105), promisenych vétsimi kameny a drob-
néjsi frakci hlusiny. Nasledovala mocna vrstva kamenité
hlusiny s. j. 104 nasedajici na mocnou hlinitou ulozeninu
s velkymi kameny s. j. 106. Tyto dva zasypy s velkym
sklonem padajici Sikmo k severu a doléhajici az ke hrané
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plosiny, utvarely samotny prostor plo§iny v ptivodnim sva-
zitém terénu lesa (obr. 29). Nize se nachazela jiz jen jedna
hlinita vrstva s. j. 109, spoc¢ivajici na okrovém kamenitém
jilovitém podlozi s. 107.

Obr. 29. Komponenty nasypu s. j. 104 a 106 vytvarejicich plosinu zkou-
manou sondou S3, pohled od jihu (foto P. Malik).

Fig. 29. Filling components of stratigraphic units 104 and 106, forming a
surface explored by probe S3, view from the south (photo P. Malik).

Sonda S4

Sonda byla oteviena piiblizn¢ uprostied dlouhého tera-
sového stupné nad ustim Stoly Martin. Pod povrchem les-
niho humusu se nalézala okrova vrstva hodné kamenitého
premisténého podlozi s. j. 102, které piekrylo lokalni ten-
kou vrstvu zuhelnatélého dieva s. j. 105. Nasledovala cca
0,45 m mocna vrstva hnédé jilovité hliny s. j. 103, u které
nelze spolehlivé prokazat antropogenni ptivod. Muze se
jednat o ptivodni pfirodni horizont erozni hliny. Nasledova-
lo svétle hnédé kamenité jilovité podlozi s. j. 104 (obr. 30).

Sonda S5

Sonda byla vyty¢ena na rovné plosing, v pfimém dotyku
se severozapadnim okrajem zasuté jamy Martin (obr. 31).
Jihovychodni okraj sondy byl polozen pfes viditelnou
obvodovou ohradni zed” tézebni jamy. Minimalné 1,2 m

136

Obr. 30. Jihozépadni profil sondy S4 (foto P. Malik).
Fig. 30. Southwestern profile of probe S4 (photo P. Malik).

Obr. 31. Sonda S5 pfi severnim okraji jAmy Martin, pohled od severu (foto
M. Zezula).

Fig. 31. Probe S5 at northern margin of Martin Pit, view from the north
(photo M. Zezula).

Siroka zed’ s. j. 900 (vnitini okraj zdi mohl byt jiz zborcen
do jamy) byla z vnéjsi strany ¢asteéné licovana velkymi
kameny. Vnitini ¢ast zdi byla tvofena mensimi skladany-
mi kameny promichanymi hnédou hlinou. Pfed zdi se pod
povrchem lesniho humusu nachdzela vrstva magnetito-
vé rudy s. j. 101, kompaktné nalamana na frakci do cca
15 cm, ktera spocivala na mocné vrstvé premisténé hliny
s. j. 103, promisené s drobnéjsi hlusinou (obr. 32). Tato
hlinita ulozenina pfekryla a vyplnila vykop s. j. 500 zatizly
do nasledného horizontu pfemisténého podlozi s. j. 104,
spocCivajicitho na zasypu hnédé hliny s obsahem velkych
kamend s. j. 105. Zjistény vykop, jehoz hrana byla 0,6 m
vzdalena od lice ohradni zdi, byl pravdépodobné manipu-
la¢ni prostor na hran¢ jdmy Martin, slouzici k bezpe¢nému
pohybu okolo jamy pfi vystavbé zdi. Posledni zjisténou
ulozeninou na dné sondy byl dalsi hlinity zasyp promise-
ny hlusinou s. j. 106. Sonda nebyla dokopéana na podlozi.
Usti jamy Martin bylo pii severnim okraji lemovéno ca
1 m vysokymi haldami naldmané rudy o priméru ca 2 az
2,5 cm (obr. 33).
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Obr. 32. Jihozépadni profil sondy S5's deponii magnetitové rudy s. j. 101
(foto M. Zezula).

Fig. 32. Southwestern profile of probe S5 with a deposit of magnetite ore
of stratigraphic unit 101 (photo M. Zezula).

Obr. 33. Fotogrammetrické zaméfeni sondy S5 s odkrytou zdi pii Gsti ja-
my Martin a s haldami rudy v okoli (R. Kadlubiec).

Fig. 33. Photogrammetrically measured probe S5 with exposed wall at
the mouth of Martin Pit and with ore heaps in the vicinity (R. Kadlubiec).

Sonda S6

Sonda byla oteviena v nejniz§im misté prohlubné, na-
chazejici se ve svahu lesa uprostied dobyvek a byla le-
movana odvalem. Pod lesnim humusem se nachazel zasyp
hlin a kameni (s. j. 103—107) Sikmo padajici k jihozapadu,
ktery v severovychodni ¢asti sondy nasedal v hloubce cca
1,1 m na zvétralou skalu tvotrenou fylity s j. 110. Ve zvét-
ralé skale se nachazelo zahloubeni s. j. 500, které se piikie
svazovalo k jihozapadu a bylo vyplnéno dal$im hlinitym
kamenitym zasypem s. j. 108 (obr. 34). Jednalo se o okraj
neznamého dobyvaného prostoru. Tento montanni utvar
mohl byt star§i jamou nebo hlubsi dobyvkou, také neni vy-
louceno, ze se jednalo o propad. Sonda nebyla dokopana
na podlozi.

Obr. 34. Jihozapadni profil sondy S6 (foto P. Malik).
Fig. 34. Southwestern profile of probe S6 (photo P. Malik).

Nalezy

Z archeologického vyzkumu pochédzi neprilis pocet-
ny soubor nalezti z vrstev zkoumanych v jednotlivych
sondach, dalsi ¢ast pak byla ziskana detektorovym pri-
zkumem jejich okoli i jinde v prostoru lokality. Nejvice ar-
tefaktd poskytla svrchni ¢ast stratigrafie sondy S1 oteviené
v prostoru kovarny zbotené nékdy v pribéhu 1. poloviny
20. stoleti. Zda se, Ze jeji pozustatky mohly pozdé&ji slouzit
k deponovani odpadu produkovaného pti provozovani sou-
sedni cechovny, nalezovy soubor tak zahrnuje ¢asti cihel,
hiebiky kované i tazené z dratu, zlomky sklenénych lahvi
a nékolik litinovych zlomkut (napf. ¢ast piiruby) mize mit
i souvislost s geologickym prizkumem. S dobou provozu
jiného vyuziti kovarny v prubéhu 19. stoleti a na pocatku
20. stoleti naopak mutzeme spojit strusku, zlomky nadob
z Sedé poroviny s hnédou polevou, zkorodované okenni
sklo a nékolik zeleznych predméti — dverni zaves, rizna
stavebni kovani (obr. 36 / 3).4

Naproti tomu ze sond (S2 — S5) umisténych v prostoru
vyse polozenych dolt pochazi jen ojedin€lé nalezy. Ze son-
dy S3 byl ziskan jeden keramicky fragment nadoby, kte-
ry se nachazel hned n¢kolik centimetrd pod povrchem ve
zplanyrované jilovité hlin€ s. j. 102. Jednalo se o zlomek
okraje hrnce opatfeného hnédou polevou, ktery mizeme
na zakladé regionalnich analogii datovat do obdobi 18. az
1. poloviny 19. stoleti. Do stejného ¢asového ramce miize-
me zatadit i fragment okraje poklicky, nalezeny v sever-
nim okraji sondy S1 pied budovou kovarny, v hlinité vrstvé
s. j. 107 spocivajici na podlozi (obr. 35).50 Z nekeramic-
kych nalezti pak byly ziskany jiz jen mensi zlomky Zzele-
zatské strusky, a to z planyrek hlusiny s. j. 101 a s. j. 102

49  Jedna se o malo chronologicky citlivé pfedméty, ke kterym nalezneme Cetné analogie v souhrnnych zpracovanich zeleznych artefakt z rtiznych
lokalit, viz napf. Krajic, R. 2003: Sezimovo Usti. Archeologie stiedovékého poddanského mésta 3. Kovdrna v Sezimové Usti a analyza vyrobkii ze

Zeleza, dil I. Praha.

50  Srov. napt. soubor z novoveké jimky v Hornim Benesové (Kiecon, M. — Prix, D. — Zezula, M., 2006: Méstanské domy ¢p. 30 a 31 v Hornim Bene-
Sove. Vysledky stavebné historického prizkumu a archeologického vyzkumu. Prizkumy pamatek XIII-2, s. 63—65).
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nachazejicich se v sond¢ S2 bezprostiedné pod povrchem
lesniho humusu.

Detektorovy priizkum zaznamenal nejvétsi koncentraci ko-
vovych predmétii v okoli sondy S1 v prostoru kovarny, kromé
recentniho odpadu se jednalo vétSinou o hiebiky, fragmenty
riznych stavebnich kovani a obruc o priméru 40 cm pochaze-
jici dle konického tvaru z dievéné nadoby (sudu). Namatkovy
pruzkum oblasti Dolniho Ulrichu mezi Jeleni cestou a Bélo-
kamennym potokem pfinesl podstatné méné predmétd, né-
které z nich souvisi s obsluhou dold konskymi povozy a byly
nalezeny pfimo v cesté, nebo v jeji blizkosti, spojujici oblou-
kem tdoli Bélokamenného potoka a oblast Stfedniho Ulrichu.
Piimo v cesté nalezeny zlomek podkovy se silnym hmatcem
a ozubem nalezi k typu spojovanému s taznymi koni pro t&z-
kou praci vyskytujicimu se od pozdniho stiedovéku po novo-
veék (obr. 36 / 7),5L severné pod cestou pak byl nalezen plochy
zakolnik a ¢ast ovalného oka fetézu (obr. 36 / 2, 4), ktery mohl
souviset s brzdénim vozl ve svazitém terénu.52 V okoli sond
S2 az S6 pak bylo nalezeno nékolik fragmentti stavebnich ko-
vani a zlomky dal$ich neidentifikovanych ptedmétii (obr. 36
/'5, 6, 8, 9). Nezelezné nalezy zastupuje plochy nezdobeny
knoflik se subtilnim okem (obr. 36/ 1).53

4. Paleoekologie

Vzorky pro antrakologickou analyzu (taxonomickou de-
terminaci uhliktl) byly odebrany na dvou lokalitach, a to ze
sond polozenych v prostoru dolti nachézejicich se na sever-
nim svahu Javorového vrchu, a dale z milifist’ zkoumanych
jihovychodné od sedla Hvézda. Ziskané zlomky uhlika by-
ly analyzovany standardni metodou pomoci svételného mi-
kroskopu upraveného pro pozorovani v dopadajicim svétle.
Po provedeni ¢erstvych lomnych ploch (transversalni, radi-
alni a tangencidlni zlom) byly uhliky pfimo prohlizeny pii
zvétSeni 50%, 100x a 200x.

Uhliky a zuhelnatélé rostlinné makrozbytky z prostoru Ja-
vorového vrchu v Malé Mordvce

Soubor uhlikli z prostoru dold je tvofen zejména uhliky
jehlicnant. Dominantou je smrk (48 % analyzovanych uh-
liktr) a jedle (36 %), v mensi mife (cca 8 %) se vyskytuji
uhliky taxonu smrk/jedle. Listnace tvofi jen mensi piimes,
zaznamenan byl buk (7 %) a minoritn€ jasan a jilm (obr. 37).

Ziskané spektrum uhliki odpovida znacné pozménéné
skladbé lesu s prevahou clovékem preferovanych konifer

Obr. 35. Keramické nalezy 1 —sonda S3, 2 —sonda S1 (kresba H. Pravdova).
Fig. 35. Ceramic finds. 1 — probe S3, 2 — probe S1 (drawing H. Pravdova).

Obr. 36. Kovové nalezy 1, 4-8 — detektorovy pruzkum, 3 — sonda S1 (foto
O. Schejbal., M. Kahoun, tpravy M. Zezulova).

Fig. 36. Metal finds. 1,4-8 — detector survey, 3 —probe S1 (photo O. Schejbal
and M. Kahoun, editing M. Zezulova).

Obr. 37. Vysledky antrakologické analyzy, zastoupeni uhlikii dfevin ze
vzorkl odebranych v sondach archeologického vyzkumu v prostoru dolti na
Javorovém vrchu (P. Kocar, R. Kocarova).

Fig. 37. Results of anthracological analyses, representation of wood
carbon in samples taken from archaeological research probes in the mine
area on Mt Javorovy vrch (P. Kocar and R. Kocérova).

51 K typologii a datovani sou&ésti podkov srov. piehled J. Kazmierczyka (1978): Podkowy na Slasku w X-XIV wieku. Wroctaw-Warszawa-Krakow-
-Gdansk a R. Krajice (2003): Sezimovo Usti. Archeologie stiedovekého poddanského mésta 3, s. 100-109, ze kterych vychazeji zpracovani soubort
z mnoha dal3ich lokalit a regiond, nap. Drnovsky, P. — Guricova, L., 2016: Podkovy z tzv. staré sbirky Muzea vychodnich Cech v Hradci Kralové.
Poznamky k typologii stiedovékych a novovékych ndlezii. In: Ziva archeologie. (Re)konstrukce a experiment v archeologii: Katedra archeologie
Filozofické fakulty Univerzity Hradec Kralové, sv. 18, s. 53—61, kde nachazime k naSemu nalezu analogicky typ VIb.

52k soucastem vozu viz Vermouzek, R. 1983: Stredovéky viiz. Archaeologia historica, 8, 311-325; Vermouzek, R. 1984: Kovdani stredovékého vozu.
Zkoumani vyrobnich objektl a technologii archeologickymi metodami 3. Brno, 110-122.

53  srov. podobné exemplare z rané novoveké Vratislavi: Konczewska, M. — Konczewski, P. 2004: Zabytki metalowe z fosy miejskiej we Wroctawiu.
In: Wroctaw na przetomie Sredniowiecza i czasow nowozytnych.Materialne przejawy Zicia codziennego (eds. J. Piekalski — K. Wachowski). Wrati-

slavia Antiqua 6, Wroctaw, s. 89-206.
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smrku a jedle. Smrk v raném novovéku expandoval na ho-
linach, jedle spiSe v podrostu ¢lovékem prosvétlenych lest.
Bohuzel interpretace vysledki antrakologické analyzy neni
jednoznacéna, vyssi podil smrku mize byt i disledkem ta-
fonomickych procest, zejména dovozu dieva ¢i dievéného
uhli z vétsi vzdalenosti od zkoumané lokality z vyssich po-
loh pohori, ¢i selekei dieva pro konstrukeni tcely. Oboji
mizeme v piipadé dolt predpokladat.

Nepocetny soubor rostlinnych makrozbytki obsahoval
pouze jehlice smrku a jedle a semena smrku. Tato ¢ast na-
lezi pravdépodobné doklada, Zze alespon cast dieva byla
zpracovavana piimo na misté. To by mohlo naptiklad na-
znacovat vyuzivani Cerstvé nakdceného dieva uréeného pro
vydievu dold.

Vyroba dievéného uhli v blizkosti sedla Hvézda

K antrakologické analyze bylo odebrdno 8 vzorki ze
stejného poctu miliit zkoumanych v lokalité Hvézda v k. 1.
Podlesi pod Pradédem. Vzorky pochazely z vyzkumu mili-
il na parcele ¢. 627/1. Nadmotska vyska zkoumané situace
byla cca 800-850 m. Vzorky byly flotacné proplaveny ptes
sito o priméru ok 1 mm. Material byl pfedbézné datovan
do novovéku (17. az 19. stoleti).

Vzorky obsahovaly zlomky uhlikd jedle (4bies), jedle/
smrku (A4bies/Picea), javoru (Acer), biizy (Betula), buku
(Fagus), smrku (Picea), topolu (Populus), jetabu (Sorbus),
jilmu (Ulmus) a blize neurcitelné dreviny (/ndeterminata).
Dominantou souboru je buk (47 %) s vyznamnou piimé&si
jedle (21 %) a smrku (25 %). Ostatni dfeviny byly zastou-
peny jako piimés (obr. 38).

Na zékladé¢ provedené analyzy lze v lokalité rekonstruovat
jedlobuciny s ptirodé blizkym podilem jedle, buku a smrku.

Obr. 38. Podlesi pod Pradédem - Hvézda (okr. Bruntal), vysledky analyzy
uhlikd (=240, celkem 518 g) uhlikti dievin ze vzorkl odebranych z mili-
fist M1 — M8 vrchu (P. Kocar, R. Kocéarova).

Fig. 38. Podlesi pod Pradédem - Hvézda (Bruntal Distr.), results of
analyses (n=240, total 518 g) of wood carbon in samples taken from
charcoal kilns M1-M8 (P. Kocar and R. Kocarova).

Jedlobuciny jsou v Jesenikach spolecenstvem dievin véza-
nych na submontanni az supramontanni vegetacni stupen
s optimem v nadmotské vysce 800-900 m n. m., cozZ odpo-
vida zkoumané lokalité. To pravdépodobné indikuje lokalni
ptvod zkoumanych uhlikdi. Zdroje dieva pro stavbu miliit
jsou klicové pfi interpretacich antrakologickych spekter
z téchto situaci, zkoumanych napf. v Krusnych horach.54
V mensi mife byly zaznamenany indikatory sutovych le-
st (javor, jilm) a lidské aktivity indikujici dfeviny lesnich
pasek, porostlin a svétlin (bfiza, topol, jerab). Rozdily mezi
jednotlivymi zkoumanymi milifi nejsou velkeé.

Antrakologicka analyza uhlikti ze dvou tafonomicky od-
lisnych situaci (vrstvy v blizkosti dolti a uhlifského pra-
covisté) ukazuje zejména na odliSnosti pii vzniku téchto
souborl. Zdroje uhlik ziskanych z militi mtzeme hledat
v tésném okoli zkoumanych mist. Milife byly v raném no-
voveku stavény ze dfeva z tésného sousedstvi milife, za-
timco uhliky z okoli dolti souviseji se zdroji dieva, jejichz
pivod mizeme hledat v Sirokém okoli zkoumané lokality,
mohou byt ovlivnény selekei dieva i dalkovym transportem
vhodnych sortimentt dieva ¢i dievného uhli.

5. Archeometalurgie

Podrobnéji zkoumany byly strusky ziskané v sondé S1.
Z sirsiho souboru, ktery ptivodné obsahoval i petrografické
vzorky (bézné s magnetitem) a silné nebo zcela korodova-
né zlomky zeleznych predméti, bylo ziskano 20 ks strusek.
Pfitomnost magnetitu v horninach, zbytkt nekorodovaného
zeleza a bézné zastoupeni ryziho zeleza ve struskéach (viz
dale) jsou pravdépodobné i pfic¢inou toho, ze vzorky reago-
valy v detektoru kovti.

Ve vzorcich strusek jsou vyznamné zastoupeny miskovi-
té (plankonvexni) celotvary o priméru asi 12 cm (a mensi),
bézné jsou i nepravidelné zlomky. Barva strusek je hnéda,
Seda az ¢ernd; na lomu jsou Cerné, az sklovité lesklé. Na
povrchu jsou vzorky strusek bézné velmi ¢lenité, jen v de-
tailu hladké a az sklovité. Strusky jsou silné porézni, bézné
obsahuji uzavieniny uhlikii a otisky po uhlicich; Casté jsou
i ostrohranné nebo natavené uzavieniny hornin o velikosti
do cca 1 cm. Magneticka susceptibilita strusek siln¢ kolisa,
celkové je zvySend (v praméru 23,1*10-3 SI).

Fazové a chemické slozeni strusek bylo ovéfeno mik-
roskopickym vyzkumem v odrazeném a prochazejicim
svétle, v elektronovém mikroskopu a pomoci rentgenové
praskové difrakce. Ve struskéach byly rozliSeny dva hlavni
typy struktury: 1) sklovita — v ni velmi vyrazn¢ pievazuje
sklo, jen zcela ojedinéle jsou v ném zachovana korodova-
na zrna kifemene; 2) krystalicka — v ni je sklo zastoupeno
v proménlivém mnozstvi (cca od 20 do 50 %) a vysoké za-
stoupeni maji krystalické faze. Z nich byl spolehlivé iden-
tifikovan fayalit (je bézné v podobé listovitych krystall),

54  Kodar, P. — Petr, L. — Kocarova, R., 2018: Zmény vegetace v hornickém reviru Prisecnice. In: K. Derner (ed.), Stiedovéké hornictvi a hutnictvi na
Piise¢nicku ve stfednim Krusnohoti, ArcheoMontan 2018. Band 68, Landesamt fiir Archdologie Sachsen, s. 47—77. Dresden.
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leucit (ojedinély, v nepravidelnych zrnech), wiistit (oje-
dinély, v kostrovitych agregatech; podle stechiometric-
kych poméri Fe/O je pravdépodobné, Ze jsou ve vzorcich
zastoupeny 1 dalsi oxidické faze Fe — magnetit, hematit)
a ryzi zelezo (bézné, celkové vSak podruzné zastoupené,;
jeho agregaty jsou tvaroveé nepravidelné i na fezu kruhoveé).
Magnetit a hematit byly ve vzorcich potvrzeny i rentgeno-
vou praskovou difrakéni analyzou. Spolehlivé neur¢ena z-
stava faze, ktera se slozenim blizi nékterému Fe-pyroxenu:
ve vzorcich je relativné bézna. Pouze praskovou difrakei
byly v neékterych vzorcich a jako zcela minoritni faze zjis-
tény pravdépodobny bytownit, hercynit a kalcit.

Fayalit obsahuje podle vysledki EDX analyz asi mezi
7 a 10 hmot. % MgO, cca 1 hmot. % CaO a do 0,7 hmot. %
MnO. Wiistit je v ramci moznosti EDX analyzy bez dalsich
ptimési, jen vyjimecné obsahuje do 2 hmot. % Al,O,. Také
ryzi Fe je Cisté, pouze v jednom piipadé v ném bylo zjiste-
no 2,58 hmot. % P,0s.

Orientacni XRF analyza vykazala ve vzorcich vysoké
obsahy Fe (cca 45-55 hmot. % FeO); v mnozstvi pfesahuji-
cim 1 hmot. % je zastoupen uz pouze Si (cca 21 az 63 hmot.
% Si0,) a Al (do 19 hmot. % Al,03). V fadu desetin hmot.
% obsahuji strusky Mg, K, Ca, Ti, Mn a Cr. Strusky jsou
chemicky silné nehomogenni.

Chemické i fazové slozeni strusek jednoznacné dokla-
daji, ze strusky vznikaly v souvislosti s metalurgii zeleza.
Spise z nepiimych indicii (tvar, vysoka porozita, zvyse-
na magneticka susceptibilita, béZzné zastoupeni ryziho Fe
a soucasn¢ zastoupeni fazi s trojmocnym Fe apod.) mtze-
me dovozovat, ze strusky vznikly pfi kovarskych (oxidac-
nich) pochodech zpracovani zeleza.

6. Zhodnoceni vysledki archeologického vyzkumu

Archeologie se rudnich revirG moravskoslezského po-
mezi zacala dotykat teprve v poslednich letech. Pozornost
byla vénovana tézb¢ zlata ze sekundarnich lozisek (Sucha
Rudna, Nova Véska), tak i tézbé zlata a polymetalickych
rud z primarnich zdroji (Starohofi—Altenberg, Postovni
Stola).55 Kromé zachranné¢ho vyzkumu v Suché Rudné,
a z metodického hlediska specifické dokumentace pozis-
tatkd vodotézniho zatfizeni v PoStovni Stole, se prozatim
jednalo o plo$né omezené vyzkumné akce, provadéné za
ucelem odbéru vzorkl pro specializované analyzy, upies-
néni datace a interpretace vybranych terénnich reliktl.

Stejny charakter mél i sonddzni vyzkum v oblasti Javo-
rového vrchu v Malé Moravce, ktery pfimo navazoval na
montanistické zhodnoceni nové pofizeného digitalniho
modelu reliéfu. Casové zatazeni zkoumané &asti dolii na
zaklad¢ ziskanych nalezl potvrdilo pfedpoklad, ze vétSina
povrchovych projevti dolovani ma spojitost se zavérecnymi
fazemi tézby i1 navazné zelezarské vyroby v 18. a 19. stole-
ti, coz je doba, kam spada i mozna datace minimalné ¢asti
milifist’ v okolnich horskych lesich. Charakter nalezového
souboru nasvédcéuje tomu, Ze zde neprobihaly zadné sidlist-
ni aktivity a zazemi téZebni ¢innosti tedy bylo v dobie do-
stupné Malé Moravce. Piimo na lokalité byla zfejmé ¢inna
jen kovarna. Pozoruhodné je dochovani stop nékterych pra-
covnich operaci (skladka vytézené rudy) a mnoho dalsich
informaci v budoucnu jisté pfinese i pruzkum a dokumen-
tace dilniho podzemi, ktera by méla na evidenci povrcho-
vych ¢asti lokality navazat.56

SHRNUTI

Prostor Javorového vrchu je tvofen devonskymi vulka-
nosedimentarnimi horninami, na které jsou vazany kvalitni
zelezné rudy typu Lahn-Dill, tvofené pfevazné hematitem,
magnetitem a mén¢ Fe-chlority. Jejich dobyvani je ¢aso-
v¢ spjato s pocatky osidleni, které je kladeno do poloviny
14. stoleti. Masova tézba zacala na zacatku 17. stoleti a je
spojena s rozvojem zelezaren v Malé Moravce, véetné tii
huti. Mnozstvi vytéZzené rudy se pohybovalo v rozmezi 500
az 800 hyli za rok a v nékterych obdobich ani nestacilo
pokryvat spotfebu mistnich zelezaren. Na konci 17. stole-
ti byly huté presunuty kvuli nedostatku dievéného uhli do
Ludvikova a Hubertova (dnes Karlova Studanka). V druhé
poloviné 19. stoleti, pod tihou konkurence vyuzivajici cer-
né uhli a lehce tavitelné sideritové rudy, skoncilo roku 1876
dolovani a roku 1914 i zdejsi zelezarny.

Dilezitym piedpokladem vyroby zeleza byl dostatek
kvalitniho dfevéného uhli, kterou zachytily jak pisemné
a kartografické prameny, tak i terénni vyzkumy. Podrobnéji
dokumentovany polygon jihovychodné od sedla Hvézda pii-
nesl informace o charakteru zdejSich milifist’ a pochazi z ngj
nalezy souvisejici s jejich obsluhou (lyziny sani aj.) Antra-
kologické analyzy odebranych vzorkd zuhelnatélého dreva
ukazaly, ze v lokalité¢ lze rekonstruovat jedlobuciny (jedle,
buk, smrk) a v mensi mife sutové lesy (javor, jilm) a lesni

55  srov. Prix, D. — Vecera, J. — Zezula, M. (edd.), Tezba zlata na Bruntalsku. Montanni region pohledem mezioborového vyzkumu. Ostrava 2017,
Zezula, M. — Brhelova, J. — Kocar, P. — Petr, L. — Veceta, J., Archeologicky vyzkum ryzovisté v Nové Vésce (m. ¢. obce Staré Mésto, okr. Bruntdal).
Archaeologia historica 46, 2, 2021, s. 487-511; Prix, D. — Vecefa, J. — Zezula, M. (eds.): Zlatohorsky rudni revir, montdnni region a jeho meziobo-
rovy vyzkum. Opava 2022; v uvedenych publikacich jsou dostupné odkazy na dalsi literaturu k pfedmétnym rudnim reviram.

56 Metodicky lze ptitom vyuzit postupy aplikované pii vyzkumech v Kru$nohoti (napt. Scholz, V. 2013: Versuch einerbeschreibender Rekonstruktion
der Bergbautechniken und Abbautechnologien im hochmittelalterlichen Bergbau von Dippoldiswalde — Pokus o popisnou rekonstrukci hornickych
technologii a technologii tézby ve vrcholné stredovékém dolu v Dippoldiswalde. In: R. Smolnik (Hrsg.): Erkunden — Erfassen — Erforschen. Arbeits—
und Forschungsberichte zur séchsischen Bodendenkmalpflege, ArchacoMontan 2013, Beiheft 26. Dresden, s. 237-248, nebo i mensi vyzkumné
akce v nasem prostiedi, z nichz n&které byly realizovany piimo v prostfedi novovékych Zeleznorudnych doli (Smehil, K., Wlosok, J., Dostal, B.,
Cuba, J. 2012: Spesovské zeleznorudné doly na lokalité Kesivka — experimentdlni razba. Archeologia technica 23, s. 99.
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paseky, porostliny a svétliny (bfiza, topol, jefab). Rozdily
mezi jednotlivymi zkoumanymi milifi nejsou velké.
Archeologicky vyzkum doli na severovychodnim ubo¢i
Javorového vrchu (diléi revir Dolni Ulrich) umoznil studovat
stratigrafii lokality a pochopit vznik zdejsiho velmi ¢lenité-
ho montanniho reliéfu. Ten je tvoren takika vyhradné an-
tropogennimi tvary sestavajicimi z materialu pfemisténého
v disledku tézby (skryvky, odvaly), dochovany jsou i zdéné

konstrukce (zidka vymezujici pracovni prostor pii usti jamy
Martin, objekt kovarny) a situace souvisejici se zavérecnou
fazi tézby (deponie zelezné rudy). Prakticka absence kera-
mickych nalezi v prostoru dolti ukazuje, ze lokalita patrné
nebyla ani kratkodob¢ osidlena, kovové ndlezy vykazovaly
souvislost s dobyvanim a transportem suroviny pro vyrobu
zeleza (podkovy, rizna kovani, Casti fetézl, hieby), resp.
jeho kovaiskym zpracovanim v prostoru kovarny (struska).

Tab. 1. Podlesi pod Pradédem - Hvézda (okr. Bruntal), vysledky analyzy uhliki, pocty fragmentt (P. Koc¢ar, R. Kocarova).
Tab. 1. Podlesi pod Pradédem - Hvézda (Bruntal Distr.), results of carbon analyses, numbers of fragments (P. Koc¢ar and R. Koc¢arova).

Abies  Abies/Picea  Acer  Betula Fagus Picea  Populus  Sorbus Ulmus  Indeterminata

¢.vzorku  jedle jedle/smrk javor briza buk smrk topol jerab jilm kira

/M1 5 1 12 12 30

2/M2 7 1 11 11 30

3/M3 9 3 18 30

4/M4 5 23 1 1 30

5/M5 10 1 7 12 30

6/M6 3 15 7 2 1 1 1 30

7/M7 7 2 8 11 2 30

8/M8 5 19 6 30

51 1 6 1 113 60 2 3 1 2 240

Tab. 2. Podlesi pod Pradédem - Hvézda (Bruntal Distr.), results of carbon analyses, weights of fragments (g) (P. Koc¢ar and R. Kocéarova).

Tab. 2. Podlesi pod Pradédem - Hvézda (okr. Bruntal), vysledky analyzy uhlikd, hmotnost fragment (g) (P. Kocar, R. Kocéarova).

Abies  Abies/Picea Acer Betula Fagus Picea Populus Sorbus Ulmus Indeterminata

vzorku jedle jedle/smrk  javor  b¥iza buk smrk topol  jefab jilm kiira zbytek

m1 12,7383 2,3902 31,1376 11,0543 198,9173

2/M2 7,0779 15521 26,2076 21,0778 199,1089

3/M3 40,9874 5,1394 58,674 317,2118

4/M4 8,7878 96,9702 3,7433 47246 178,0995

S5/MS 16,5096 0,3967 13,8143 13,1159 171,4175

6/M6 5,6668 29,8699  9,6578  6,2541 1,2541 1,8423 2,01119  193,7547

™7 8,4789 1,6146 12,0827 10,8791 1,5533 147,3013

8/M8 8,0089 36,3273  6,2717 176,8349

108,2556 0,3967 8,3061 2,3902 305,0836 75,7999 6,2541 2,8074 11,8423 6,73579 517,87169
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Stiavnické Bane — recyklacia/?/ ¢asti rudného mlyna zo 14.storotia
v gapli zo 17.storocia

Stiavnické Bane — recycled(?) part of an ore mill from the 14% century in gin from the 17t century

JOZEF LABUDA!, DAVID AUGUSTINZ?, SBM B.STIAVNICA,BERGSCHOLA N.O.

1Energetikov 10, SK-969 01 Banska Stiavnica; e-mail: labudaj54@gmail.com; 2¢.84, SK-969 81 Stiavnické Bane; e-mail : davidaugustin08@gmail.com

Abstract: In connection with the planned presentationof the mine area of the Karol Shaft in Stiavnické Bane at the end of the 17th century, archaeological

research was carried out for scientific purposes. The course of the research work was determined by preserved archival documents and included initial

mechanical removal of ahumus-like layer. Three probes were located on the circular floorplan of the horse-gin, which verified the construction’s sewage

system and the existence of an operational object. Probe3/21 brought insight into the use of part of a medieval ore mill for fixing the central axis of the

horse-gin shaft.

Keywords: Middle-Modern ages, millstone, Horse-gin, shaft Karol in Stiavnické Bane, Slovakia

uvoD

Pre zaujmovu oblast’ montannej archeoldgie predstavuje
obec Stiavnické Bane v okrese Banska Stiavnica vyznam-
nu lokalitu. Archeologické vyskumy sa tu zatial’ realizo-
vali len v stvislosti s overovanim toponymickych udajov
niekol’kych miestnych nazvov poléh — Peciny, Ofenhubel
(Labuda 1986,148), dalej pocas zachrannych vyskumov
pri objektoch, ktoré sa stali predmetom stavebnej obnovy
a rekonstrukcie ¢i fortifikacie (Labuda 2015). Neziskova
organizacia Bergschola v Stiavnickych Baniach, pod ve-
denim D. Augustina, si pred rokmi predsavzala spracovat’
a realizovat’ projekt vyskumu a stavebnej rekonstrukcie
Sachty Karol, situovanej v juznej ¢asti dne$ného centra ob-
ce a datovanej do 17.— 20. storocia.

V 17. storoci sa zacali na dneSnom katastri obce postupne
hibit $achty na linii Zil Terézia a Spitaler. Jednou z nich bo-
la aj Sachta Karol z roku 1687 (Smolka 2005). Spolu s d’al-
$imi Sachtami (napriklad Jozef, Leopold, Magdaléna...) tak
uz na konci 17. storocia vznikol na izemi dne$nej obce
komplex technickych zariadeni, ktory s d’alsimi budovami
prevadzky, obrovskymi haldami hlusiny a pod., vytvoril
Specificky charakter priemyselnej krajiny (Labuda 2022).
K vytvoreniu si obrazu o tejto technicko — sidliskovej
aglomeracii nam pomahaju ikonografické pramene uzemia
z obdobia 17.—18. storoCia (Kasiarova 2010, 20, 46). Preto
mozno len uvitat’ pokus n. o. Bergschola Stiavnické Bane
o buducu rekonstrukciu ¢i konzervaciu architektar aspon
jedného tazobného komplexu Stiavnickych Bani, ktoré-
ho rozkvet spadal do 17.—18. storo¢ia. Pre naplnenie tejto
myslienky musel byt vykonany archeologicky vyskum pre
vedecké a dokumentacné Ucely z rozhodnutia Krajského
pamiatkového uradu Banska Bystrica a ktorého vysledky
1. etapy st prezentované na strankach tohto zbornika.

HISTORIA SKUMANEHO AREALU

Ako bolo konstatované v tvode, skimany aredl Sach-
ty Karol bol sucastou rozsiahleho komplexu sacht, $toIni
a nadzemnych pamiatok technického a sidliskového cha-
rakteru 17.-20. storoia. Ako najvierohodnej$i pramen
pre potvrdenie tejto konstatacie treba uviest' znamu a ilu-
stracne Casto pozivanl banskl kolorovani mapu dnesnej
obce Stiavnickych Bani z roku 1696 od neznameho au-
tora (obr. 1), s rozmermi 129 x 58 cm, ulozeni v SBA
v Banskej Stiavnici pod inv. ¢islom 7165 (za poskytnutie
archivnych udajov k lokalite, ale aj uzku spolupracu a kon-
zultacie k danej téme vyslovujem pod’akovanie vedicemu
SBA v Banskej Stiavnici Mgr. Petrovi Kone&nému, PhD.)
Ikonografické doklady zo 17.—18. storo€ia prinasaju vy-
obrazenia objektov $acht, dopravnych zariadeni - vratkov,
konskych gaplov, kolesovni s pohonom vody a podob-
ne,ktoré sluzili v ¢asoch prevadzky pre Cerpanie spodnych
vod zilného zrudnenia a dopravy rudy na povrch ¢i faranie
banikov do podzemia. Archeologicky vyskum predmetne;j
plochy byvalého technického komplexu sa uskuto¢nil po
prvykrat.

Dnesné obec Stiavnické Bane v okrese Banska Stiav-
nica presla pozoruhodnym osidlovacim procesom, na
ktory mali vplyv majetko-pravne pomery vlastnikov
tohto izemia a zaujem o vyuzitie jeho surovinového bo-
hatstva pri podnikani. Pri prilezitosti vyhldsenia obce
Stiavnické Bane za pamiatkovi rezerviciu sa v oktobri
1995 uskutoénil odborny seminar, na ktorom M. Celko
zo Statneho archivu Banska Bystrica, pobo¢ka Banska
Stiavnica, publikoval historicky vyvoj obce do roku
1526 (Celko 1995, 30-37). Autor konstatuje, Ze k roku
1352 sa viaze prva konkrétna pisomna zmienka o Casti
tizemia dnesnych Stiavnickych Bani, osade Sigelsberg.
V roku 1388 sa pri donacii majetku krala Zigmunda pre
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Obr. 1. Mapa dnesnej obce Stiavnickych Bani z roku 1696 od neznameho autora, ulozenej v SBA v Banskej Stiavnici pod inv. islom 7165.
Fig. 1. Map of today’s village of Stiavnické Bane from 1696 drawn by an unknown author, deposited at the Slovak Mining Archive in Banské Stiavnica

under no. 7165.

magistra Franka spomina hrad Sasov s jeho majetkami,
kde sa uvadza osada Pergh (neskor Pjerg). Tato osada
je totozna so Sigelsbergom. Dnedné Stiavnické Bane
(nazov z 20. storoéia) tak podla M. Celku sa formovali
z jednej osady, oznacenej v historickych prameiioch ako
Sigelsberg ¢i Pergh (Celko 1995, 33).

Pri analyzach archivneho charakteru, v spojitosti s da-
tovanim danej lokality, sa kladii opravnene ocakavania
z oblasti archeoldgie. Ako uz bolo konstatované, doterajsie
archeologické nalezy a prieskumy z katastra obce Stiav-
nické Bane sa koncetrovali na oblast’ zachrannych archeo-
logickych vyskumov pri skimani fortifikacnych objektov
a vyskumy pre vedecké a dokumentaéné ucely, v spojitosti
s overovanim miestnych toponymickych nazvov. Zo vset-
kych uvedenych vyskumov disponujeme zatial’ najstarsimi
nalezmi archeologického charakteru z obdobia 16.storo-
¢ia. Treba si uvedomit’ skutoc¢nost’, Ze exponované uzemie
centra dnesnej obce bolo v 17.—19. storo¢i totalne prekryté
haldovanim v stvislosti s enormnou tazbou rud drahych
a farebnych kovov. Perspektivne sa javi ako nadejna lo-
kalita pre poznanie najstarsich dejin obce jej miestna Cast’
Horna Roven, ako aj poloha Ofenhubel, kde sa uz v 80. ro-
koch 20. storocia zachytili fragmenty (hutnickej ?) trosky
(Labuda 1996).
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Vyskum arealu Sachty Karol v roku 2021

Bergschola, n.o. Stiavnické Bane, zabezpe¢ila vietky pri-
pravné prace pred samotnym zaciatkom archeologického
vyskumu SBM na lokalite, a to skryvkou zeminy predpo-
kladaného rozsahu pddorysu gapla a prilahlych stavieb.
Predtym pisomne odkomunikovala potrebné administrativ-
ne ukony, tykajuce sa suhlasného stanoviska vlastnikov po-
zemkov s realizaciou vyskumu a rozhodnutia KPU Banska
Bystrica pre moznost’ realizacie archeologického vyskumu
pre vedecké a dokumentac¢né ucely. Nakol'’ko v SBA Ban-
ska Stiavnica sa nachddza dokumenticia pddorysu viet-
kych stavieb stvisiacich s aredlom Sachty Karol (gapel,
miestnost’ hlavného dozorcu, haviarska miestnost, stolar-
ska dielna, kolesovna...), po realizovanej skryvke zeminy
v priestore pddorysu gapl'a sa ¢iastocne obnazili kamene zo
zakladového muriva kruhovej stavby. Preto boli postupne
vymerané sondy v jednotlivych dolezitych castiach gapla,
najmé pre overenie realnej pozicie v teréne odkrytych ar-
chitektir s kresebnou dokumentaciou, ulozenou v banskom
archive (obr. 2).

Sonda 1/21 bola situovana v severnej Casti 8-bokého
podorysu gapla tak, aby zachytila licované murivo inte-
riérovej a exteriérovej Casti. Mala obdiznikovy pddorys
o rozmeroch 500 x 250 cm. Jej ulohou bolo zistit’ pome-
ry sterilného podlozia voci stavbe, resp. pripadne zistit
existenciu d’al$ich murov. Tymto spoésobom sa podarilo
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Obr. 2. Situovanie sond 1-3/21 v pévodnom priestore gapl'a. Foto J. La-
buda.

Fig. 2. Location of Probes 1-3/21 in the original space of the horse-gin.
Photo J. Labuda.

zachytit’ existenciu kanalu, ktory odvadzal vodu z celej
plochy strechy objektu gapla. Samotny kanal vytvorili vy-
murovanim dvoch paralelne prebichajacich muriv, z kto-
rych jedno tvorilo zaklad stresnej krytiny gapl'a a priestor
medzi nimi tvorilo uzlabie pre odvadzanie vody (obr. 3).
Zakladové murivo strechy i prilahlého kanala bolo tvore-
né z lomovych kamenov réznej velkosti, spajanych hlinou
a vapennou maltou. Zékladové murivo pre ukotvenie stre-
chy i murivo kanala boli zapustené do hibky 100-150 cm
vtedajsej nivelety terénu, tym sa dosiahla vicsia stabilita
celej konstrukcie gapla. Treba si uvedomit, Ze vnitorna
svetlost’ priemeru gépla bola 19 m, ¢o vyvolalo potrebu
jeho stability pomocou zakladovych muriv.

Sonda 1/21 bola situovana tak, aby sa preskumala aj ¢ast’
interiérovej plochy gapla. Tu sa objavili zasypové vrstvy,
umiestnené nad uroviiou pdvodnej podlahy stavby, stvisia-
ce so stavebnymi zmenami gapla. NajvyraznejSiu vrstvu
predstavovala silne prepalend vrstva po velkom poziari,
ktory lokalitu postihol zaciatkom 20. storocia.

Sonda 2/21, o rozmeroch 400 x 300 cm, bola situovana
v juhovychodnej Casti zékladového muriva stavby. V tych-
to miestach, pomocou bagra a ru¢ného docistenia, bolo
Ciasto¢ne obnazené zakladové murivo gapl'a. Zaroven bolo
potrebné overit' poziciu pddorysu prilahlej stavby domu
dozorcu s izbou haviarov, ktora je zobrazena na archivnej
mape, uloZzenej v SBA Banska Stiavnica (Fond HKG V, inv.
¢. 12047, strana 7). Uz po prvom zacisteni sondy sa postup-
ne obnazilo murivo jednak zakladov strechy gapla, jednak
pristavané¢ho domu dozorcu a haviarov. Pristavaného preto,
lebo Sondou 2/21 sa potvrdila skara v murive medzi zak-
ladovym murivom gépla a prilahlej stavby obdiznikové-
ho podorysu. Pri vyskume uvedenej sondy sa v jej vyplni
objavili nalezy kuchynskej keramiky 18.—19. storocia, ale
aj medenej mince: 3 grajciar 1800 S Frantisek 11./1792—
1835/, vyrazenej v Smolniku (!), ktor¢ tak potvrdili datova-
nie existencie obidvoch stavieb.

Sonda 3/21, o rozmeroch 390 x 200 cm, bola pocas
vyskumnej sezony 2021 vytyCena ako poslednd, a to

Obr. 3. Stiavnické Bane- detail Sondy 1/21 v severnej &asti gapla. Foto
J. Labuda.

Fig. 3. Stiavnické Bane — detail of Probe 1/21 in northern part of the horse-
gin. Photo J. Labuda.

v stredovom priestore stavby. Logickym dévodom pre toto
umiestnenie sondy bol zaujem o zistenie podoby ukotve-
nia osi hriadela pre jeho otacavy pohyb, ktoré zobrazenia
pozname napriklad z odbornej literatury 18. Storocia a kde
st detailne zakreslené jednotlivé Casti objektu gapla, aj so
stredovou komorou (Delius 2012). V tejto knihe tvori stre-
dové 16zko komora, vymurovana z kamena alebo tehal, na
ktorej dne je polozeny kamen s otvorom pre osadenie Ze-
lezného hrotu osi hriadela (obr. 4, fig.1, pismeno m).

V pripade S-3/21 sa rovnako potvrdila existencia stre-
dovej komory o rozmeroch 180 x160 cm , ktorej steny bo-
li vyhotovené z drevenych dosiek a vnutro komory tvoril
pozoruhodny nalez masivneho kamena — limnokvarcitu,
,obaleny“ v ilovitej vrstve. V spomenutom kameni bol
vysekany maly otvor (jamka) do hibky 10 cm, s rozmer-
mi 10 x10 cm, na jednej strane oblukovite posunutou cas-
tou, ¢o zrejme sposobil otacavy pohyb hrotu osi hriadel’a
(obr. 5).

Nalez kameiia z limnosilicitu ako 16zZka pre os hriadela

Osobitu pozornost’ vyskumnej sezony 2021 putal na seba
nalez limnokvarcitu, ktory bol pdvodne suc¢ast'ou rudného
mlyna, konkrétne jeho spodnej Casti, tzv. statora. V jeho
hornej casti, ktord je po mleti rudy spolu s vrchnym ota-
¢avym kamenom (tzv. rotor) vyhladend, mozno pozorovat’
koncentrické ryhy. Tieto napomohli jednozna¢ne urcit’ po-
vodnu funkciu kamena. Nalez bol teda pévodne sucast'ou
rudného mlyna kruhového tvaru s priemerom cca 120 cm,
vyskou 40-45 cm. Tieto tvary rudnych mlynov boli pouzi-
vané nielen v oblasti kremnického banictva v 14. storo¢i,
ale pozname ich aj v montannom prostredi Banskej Stiav-
nice, napriklad nalez Casti rudného mlyna zo 60. rokov
20. storo¢ia na juznom toku potoka Stiavnica, dnes st ulo-
zené v SBM (Fajta 2015, 89).

Surovinovou provenienciou tychto kamenov je oblast
severne mesta Ziar nad Hronom pri obciach Slaské a Lu-
tila. Viacero kompletnych nalezov alebo len Casti pozname
priamo z Kremnice alebo jej okolia /napriklad Dolna Ves/.
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Obr. 4. Detail stredovej komory pre ukotvenie osi hriadel'a. Podl'a knihy CH. T. Delia 2012.
Fig. 4. Detail of the central chamber for anchoring the shaft axis. After Ch. T. Delia (2012).

Obr. 5. Sonda 3/21 — nalez limnokvarcitu ako sekundarne pouzitej rozna-
Sacej patky gapl'a. Foto J. Labuda.

Fig. 5. Probe 3/21 — find of limno-quartziteas a secondarily used spreading
foot of the horse-gin. Photo J. Labuda.

Téme rudnych mlynov sa venoval aj ¢esky archeolog Jifi
Frohlich, pricom prvykrat publikoval i fragment rudného
mlyna, sekundarne zamurovaného v opevneni mesta Krem-
nice (Frohlich 2005, 88). J. Frohlich zarad’uje pouzivanie
tychto nalezov z eurdpskych banskych regionov do obdo-
bia 13.—16. storocia (Frohlich 2005, 88).
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Vyskum arealu $achty Karol v roku 2022

Slovenské banské muzeum realizovalo v roku 2022
v areali Sachty Karol druhu etapu archeologického vysku-
mu na vedecké a dokumentacéné ucely. Prace boli situované
vyluéne v Sonde 3/21, kde sa v roku 2021 objavil vyssie
spomenuty a opisovany nalez casti rudného mlyna z lim-
nokvarcitu. Zamerom vyskumnej sezony 2022 bolo ziste-
nie sposobu jeho ulozenia v komore 16zka, pripadne d’alSie
stvislosti k tomuto nalezu. Preto sa realizovalo prehibenie
sondy tzv. rezom vo vychodnej ¢asti sondy. Vyskumom sa
zistilo, ze kamen bol ulozeny v komore s vydrevou a jej dno
tvorili ploché andezitové kamene, spajané ilom a vapennou
maltou. Kamen nelezal priamo na kamennej podlahe, ale
ho od nej oddel'ovala 8—10 cm vrstva ilu a vapennej malty
(obr. 5). Aj tymto sposobom chceli konstruktéri zrejme do-
siahnut’ uréitua pruznost’ pri namahavom pohybe osi hriade-
la gapla. Lozkovy kamen z limnokvarcitu — ako niekdajsi
stator rudného mlyna — mal spodnt ¢ast’ vel'mi nerovnu.
Tieto miesta kamenného 16zka pri vlozeni do komory vypl-
nili mensimi kamenmi, spajanymi ilom. Aj toto ukazal rez
vo vychodnej casti Sondy 3/21 v roku 2022.

ZAVER

SBM v Banskej Stiavnici realizovalo v rokoch 2021—
2022 archeologicky vyskum pre vedecké a dokumentacné
Gicely v areali byvalej Sachty Karol v Stiavnickych Baniach,
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okres Banska Stiavnica. Vyskum sa koncentroval na plo-
chu byvalého podorysu gapla, ktory pozname z dokumen-
tacie SBA v Banskej Stiavnici.

Hlavné vysledky vyskumu:

1. Archeologickymi sondami sa potvrdilo situovanie
technického objektu gapla a vedla stojacej pre-
vadzkovej budovy podla kresebnej dokumentacie
19. storocia, ulozenej v Slovenskom banskom archi-
ve v Banskej Stiavnici (obr. 6). Datovanie prevadzky
objektu do 17.-20. storocia potvrdili aj nalezy ku-
chynskej keramiky, fragmenty kachlic a nalez me-
denej mince.

2. Najzaujimavej$im nalezom vyskumu sa stala stre-
dova komora gapl'a s roznasacou pitkou v podobe
masivneho kamena — limnokvarcitu. Tento bol p6-
vodne sucastou rudného mlyna zo 14. storocia, ako
to dokazuju okruzné ryhy na vyhladenom povrchu
po mleti rudy. Limnokvarcit bol sekundarne recyk-
lovany v 17. storo¢i, kedy v jeho hornej Casti vyse-
kali jamku pre osadenie zelezného hrotu hriadela.

3. Je takmer symbolické, ze nalez limnokvarcitu
v Sonde 3/21 sluzil niekedy v 14.storoci ako stator
rudného mlyna na drvenie rudy a v 17.—18. storoci
zase ako stator stredovej osi gapla.

SUMMARY

The Slovak Mining Museum in Banska Stiavnica carried
out archaeological research for scientific and documen-
tation purposes in the area of the former Karol Mine in
Stiavnické Bane, Banska Stiavnica District. The research
concentrated on the former floorplan of the horse-gin,
which is known from documentation of the Slovak Mining
Archive in Banska Stiavnica.

Main research results:

1. Archaeological excavations confirmed the location
of the horse-gin and the operation building stan-
ding next to it according to the 19th-century draw-
ing documentation stored in the Slovak Mining Ar-
chive in Banské Stiavnica (Fig. 6). The dating of the

Obr. 6. Podorys gapl'a a daliich objektov komplexu $achty Karol. Original v SBA B. Stiavnica, HKG V, inv. &. 12047.
Fig. 6. Floorplan of the horse-gin and other objects in the Karol Shaft complex. Original at Slovak Mining Archive, Banské Stiavnica under no. HKG

V 12047.
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building’s operation to the 17th—20th centuries was
also confirmed by finds of kitchen pottery, tile frag-
ments and the discovery of a copper coin.

2. The most interesting find of the research was the cen-
tral chamber of the horse-gin with a spreading foot
in the form of a massive limno-quartzitestone —. This
was originally part of an ore mill from the 14th centu-
ry, as evidenced by circular grooves on the smoothed
surface after ore grinding. Limno-quartzite was sec-
ondarily used in the 17th century, when a hole was
cut in its upper part for fitting an iron shaft tip on.

3. It is almost symbolic that the discovered lim-
no-quartzite in Probe3/21 sometimes served as the
stator of an ore mill for crushing ore in the 14th
century, and again as a stator of the central axis of
a whim in the 17th—18th centuries.
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Stiavnicky, novobansky a kremnicky bansky grof Jan/Hansman Eisenrinkel
a jeho podnikatel’ské aktivity v stredoslovenskej banskej oblasti

Mining count Jan/Hansman Eisenrinkel of Stiavnica, Nova Baiia and Kremnica
and his business activities in the Central Slovak mining area

MARTIN STEFANIK

Hustoricky Ustav SAV, v. v. i., Klemensova 19, P. 0. BOX 198, SK-Bratislava

Abstract: John/Hansman Eisenrinkel, originally a citizen of Banska Stiavnica, is documented in 16 source references over a period of 30 years, from
atax list dated 1364 to inheritance negotiations in 1393 after his death. During his career, he held the office of mining count (royal official)) as head of the

Mining Chamber in several mining centres in central Slovakia in various periods: Banska Stiavnica (1386-1387, 1390-1392), Kremnica (1390-1391 and

1393) and Nova Bana (1391). As such, he looked after the regulation of mining, the collection of royal mining tax (the so-called urbura) and co-decided in

miners’ disputes. In Kremnica, he owned at least two mining mills and did business as a co-shareholder of the Municipal Hereditary Adit (1385). He also

acquired burgher rights in Nova Bana, where he ran a hereditary adit (german Erbstollen) in 1383 and became a (sworn) member of the town council. In

addition, he founded, managed and financed a hospital in the town. He died in 1393, survived by his daughter and heir Margaret.

Key word: Chamber Count, grof, mining towns, middle ages, History of Slovakia

Komorsky grof (lat. comes camerae, nem. Kammergraf,
v mad’ar¢ine kamaragrof ) bol tradnik (bez suvislosti so
Slachtickym titulom), ktory spravoval kralovské prijmy
v roznych oblastiach hospodarstva, obchodu, dani a me-
ny. Jednotlivé Urady sa nazyvali komorami. Napr. sol'ny
grof ako predstaveny sol'nej komory ( alebo komoér) bol
povereny organizaciou kral'ovského monopolu pri vyro-
be, dovoze, distriblcii a predaji soli (comes camerarum
salium), tridsiatkovy grof (comes tricesimarum) zabezpe-
coval vyber zahrani¢ného cla (tridsiatku), grof pre tzv. ko-
morsky zisk (comes lucri camerae) vyberal takto nazvant
dan a pod. Ked’ze tazba a spracovanie nerastnych surovin
(osobitne drahych kovov) aj razba minci predstavova-
li jeden z najdoélezitejSich kralovskych monopolov, boli
takisto spravované komorskymi grofmi. Banska komora
reprezentovand banskym gr6fom mal v SirSom zmysle na
starosti dohl'ad nad banictvom a tazbou: platila banské-
ho majstra, jej zastupca sa zcastiioval sa na vymeriavani
banskych poli, otvarani bani a posudzovani sporov me-
dzi taziarmi, kontrolovala dodrziavanie kral'ovskych na-
riadeni tykajucich sa rezimu drahych kovov v banskych
mestach (komorsky gréf mohol dokonca prehladavat
v spolupraci s richtarom sukromné domy mestanov).!
V uzSom zmysle mal na starosti najmé vyber banskej dane

(urbury, ktora predstavovala bola podla banskobystric-
kého privilégia z roku 1255 desatina z vytazeného zlata
a osmina zo striebra a inych kovov), nazyva sa preto aj
grof urbur. Mincovy grof razil a uvadzal do obehu v ob-
vode svojej mincovej komory kazdorocne nové mince,
zlozitym spdsobom ich vymienal za staré¢ a sucasne vyko-
naval vyber Specialnych dani.2

Terminolodgia vztahujica sa k iradu komorského grofa je
obvykle nejednoznacna a najcastejsie sa vyskytuje neSpe-
cifické vSeobecné oznacenie comes (pripadne comes came-
rae/comes camerarum). Z pomenovania uradu sa ¢asto neda
zistit,, ¢i $lo o banského, alebo mincového grofa. Na kon-
krétnu kompetencnt oblast’ je potrebné usudzovat’ z kon-
textu zmienky, popisu pravomoci, a pod. Jednou z indicii je
aj sidlo komorského grofa. Banské komory boli pocetnejsie
a zda sa, zZe boli istym spoésobom podriadené mincovym.
Kym totiz banské komory a bansky grof povereny vybe-
rom urbury (comes urburarum, exactor urburarum) boli
v kazdom vyznamnom banskom centre, mincové komory
sa nachadzali len vo vybranych sidlach, kde sa drahé ko-
vy z jednotlivych banskych lokalit zhromazd'ovali a kde sa
obvykle nachadzala aj mincovna, teda manufaktura, kde sa
razili mince. Oddelené vnimanie banskej a mincovej ko-
mory potvrdzuju aj kralovskeé listiny uz v 30-tych rokoch

1 PHRAINEN, llpo Tapani, Das Stadt- und Bergrecht von Banska Stiavnica/ Schemnitz: Untersuchungen zum Frithneuhochdeutschen in der Slowa-

kei, Oulu 1986, s. 34 (§ 7), s. 46 (§ 43, 45), 5. 47-48 (§ 47).

2 Co sa tyka vieobecného vyvoja komér a komorskych grofov, por. STEFANIK, Martin. Banské a mincové komory na tizemi dnesného Slovenska
za Arpadovcov a Anjouovcov. In Argenti fodina 2017: zbornik predndSok z medzinarodnej konferencie Argenti Fodina 2017 (zost. LABUDA, Jozef
— HARVAN, Daniel), Banska Stiavnica 2017, s. 88—100; TenZe, Dafiové a menové reformy kral'a Karola Roberta z Anjou po smrti Matasa Caka Tren-
¢ianskeho v 20-30-tych rokoch XIV.st. In Zbornik Trencianskeho miizea v Trencine 2022, s. 121-140. (v tlaci).. Tam aj prislusna literatira a pramene.
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14. st., kedy sa urbura prenajimala osobitnymi listinami od-
delene od prenajmu mincovej komory a za ini sumu (pPro
alia sumpma speciali). Kral'ovstvo bolo od ¢ias Karola Ro-
berta rozdelené na 8 resp. 10 obvodov mincovych komor
(niektoré mali dve sidla): ostrihomsko-budinska, sriem-
sko-patkostolska, kremnickd, smolnicka, sedmohradska,
satmarska, lipovska a zahrebska. Pod kazdu komoru patrilo
nickol’ko zup. NajvyznamnejSou osobnost'ou uhorského
banictva a mincovnictva okolo polovice 14. st. bol (ban-
sky a mincovy) komorsky gréf Leopold-Hyppolitus, ktory
zalozil a dlhé roky viedol kremnickt kralovskua komoru,
uzemne najvacsiu spomedzi uhorskych komoér. V nie-
ktorych rokoch sa angazoval aj v budinskej a smolnickej
komore. Pod kompetenciu kremnickej komory patrili zu-
py: Bratislavska, Nitrianska, Tren¢ianska, povodna vel'ka
Zvolenska (este predtym, ako sa z nej vyvinuli Turcianska,
Liptovska a Oravska zupa), d’alej Tekovskd, Hontianska,
Novohradska a 'avobrezna ¢ast’ Dunaja z Pestianskej a Ko-
marnanskej zupy. Do jej obvodu teda patrili aj banské cen-
tra Banska Stiavnica nachadzajuca sa v Honte a Nova Baiia
(Tekov), o ktorych bude re¢ v tomto prispevku. Spomina-
ny prvy kremnicky komorsky grof Leopold vlastnil v No-
vej Bani hutu a mal spory s okolitymi slachticmi, ktorym
zabral a (podla ich staznosti protipravne drzal) majetok
Magasmarth (= osada Brehy na protil'ahlom brehu Hrona
v bezprostrednej blizkosti Novej Bane). Kratko pred smr-
tou odkazal r. 1347 ¢ast’ vynosov svojej novobanskej huty
(32 fl./roéne) hronskobenadickému opatstvu, ktoré malo
naitho za to mysliet’ vo svojich modlitbadch. Zomrel prav-
depodobne okolo r. 1348/1349.3

Systém banictva a mincovnictva regulovali prenajomné
zmluvy komor, ktorymi si banski podnikatelia urad na je-
den rok za pevnu sumu prenajali a potom ho uz riadili vo
vlastnej rézii na zaklade vel'mi presne stanovenych klauzual
a pravidiel. Celkovo sa zachovalo Sest’ exemplarov zmlav
na prendjom mincovej komory z poslednych rokov panova-
nia Karola Roberta a prvych rokov vlady jeho syna Cudovita
Velkého: z rokov 1335, 1338 a 1342 kremnickej,* 1336 sed-
mohradskejs a 1342 a 1345 spojenej sriemsko-patkostolskej

komory.6 Polovica vSetkych zachovanych zmlav je teda
z obvodu kremnickej komory. Ilustruju postupné zavadza-
nie reforiem a modifikovanie jednotlivych opatreni, mimo-
riadne detailne reguluju razbu a vymenu minci. VécsSina
klauzul sa tyka mincovnictva a kompetencii mincovych ko-
mor (mincovych grofov), no v mnohych ohl'adoch obsahuju
aj regulaciu banskych komor: prislusné Casti sa tykaju naj-
mé rezimu vykupu drahych kovov a spravovania banictva
v banskych lokalitach.

Uz podrl'a prvej kremnickej zmluvy v r. 1335 fungovali
v jednotlivych banskych mestach kral'ovské domy (domus
regia), kam boli taziari povinni prinaSat’ zlato a strieb-
ro na spracovanie, kde zan dostali nové mince a z tychto
»>domov* (vlastne pracovisk banskych komdr) boli potom
odosielané do centralnej mincovej komory.” V druhej
kremnickej zmluve grofa Fricka z r. 1338 sa aj konkrétne
uvadzaju niektoré lokality, v ktorych sa tieto pracoviska
komory maju zriadit’, v rdmci v stredoslovenskej ban-
skej oblasti sa spominaju v Kremnici, Banskej Stiavnici,
Pukanci a Batovciach. Pokial’ by sa nedodrziaval mono-
polny vykup v kral'ovskych domoch, teda by ho mestania
a taziari predavali cudzim kupcom, mal komorsky grof
podl'a ustanoveni tejto druhej zmluvy dokonca opravne-
nie obmedzit’ dovoz potravin do banskych miest. To v pri-
pade odlahlejsich lokalit, akymi banské mesta obvykle
boli, mohlo znamenat ich faktické vyhladovanie. Proti
takym osobeém, ktoré by neuposliuchli, mohol komorsky
grof zakrodit' nasilim a povolat’ ozbrojené sily palatina.
Okrem toho mali obchodnici prichddzajtci do banskych
miest stanoveny limit hotovosti, ktory si mohli so sebou
priviezt' (2 hrivny denarov) a museli hlasit’ svoj prichod
komorskému grofovi. Zmysel opatreni bol, aby nemohli
za hotovost’ vo velkom nakupovat’ a vyvazat vzacne ko-
vy.8 V tretej (Leopoldovej) kremnickej zmluve z r. 1342 aj
v sriemsko-pétkostolskej (Mikulasa zo Satmaru) v r. 1345
sa tieto nariadenia v zasade opakuju, len bez ustanoveni
ohladom potravin.®

Z nasledujucich desatroc¢i Styridsatrocnej vlady Lu-
dovita Vel'kého sa dalSie zmluvy mincovych komor

3 STEFANIK, Martin. Prvy kremnicky komorsky grof Leopold — Hyppolitus ako predstavitel’ kralovskej moci za Karola Roberta z Anjou a Cudovita Vel
kého. In Panovnicka moc v stredoveku : legitimita — atributy — reprezentanti. Bratislava 2022, s. 265-275, tuna s. 265-269, 273-275.

4 DRHI,s. 85-89:26. 3. 1335; 5. 95-102: 29. 3. 1338; B: s. 116-117: 2. 2. 1342.

5 DRHI, s. 90-94: 25. 3. 1336.

6 DRHI,A:s. 106-115:2.2.1342;s. 118-123: 25. 3. 1345.

7 Totum aurum et argentum ibi repertum ad finandum portetur et abinde ad nostram cameram et non alias deferatur et pro nova moneta nostra
cambiatur modo prenotato. DRH I, s. 87 ods. IV: 26. 3. 1335.

8 ...si homines in montanis et civitatibus et specialiter in Smulnuch, in Cossa, in Cremnuch, Baath, Baka, Sebnich et Lonya ac in aliis quibuscun-

que civitatibus et montanis ad easdem cameras nostras Smulnuch et Cremnuch pertinentibus totum aurum et argentum ad cameram regiam non
portarent, commisimus ipsi comiti...ut quoslibet victualia ad Montana transferentes prohibeat et potestatem habeat inhibendi. Si autem contra
prohibitionem eius aliqui victualia defferent ad montana, universa bona eorum perdant et in personis puniantur, et in hoc magnificum.virum Viller-
mum Drugeth palatinum eidem comiti camerarum nostrarum dedimus protectorem et adiutorem, ita ut ipse gentem suam semper ad requisitionem
ipsius comitis camerarum cum eodem vel officialibus suis contra predictos rebelles transmittat, qui facere debeant, quicquid ipsis idem comes
camerarum nostrarum legitime iusserit faciendum. DRH 1, s. 97-98 ods. VI : 29. 3. 1338; ... Nullus mercator vel quilibet alter ultra duas marcas
denariorum ad montana secum defere presumpmat pro expensis... tamzZe ods. VII.
9 DRHIs. 109 ods. XII, s. 112-113 ods. XX VII, XXIX: 2. 2. 1342; tamze s. 121-122 ods. X: 25. 3. 1345.
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nezachovali a mozno predpokladat, ze sa vytvoreny sys-
tém ustalil. V stredoslovenskom banskom regidone zacho-
valo viacero dokladov na existenciu komorskych gréfov
z banskych lokalit, kde neskor pdsobil Jan Eisenrinkel:
v mestach Novéa Bafia, Banska Stiavnica aj v samotnej
Kremnici. Okrem toho st banski grofi v 14. st. doloZeni
aj v Pukanci a Cubietovej. Prevazna vicsina udajov po-
chadza z najlepSie zachovaného kremnického archivu,
nakolko novobansky je zachovany len zlomkovo a zo
Stiavnického archivu pred r. 1500 nezostalo takmer nic.10
Ide spravidla o rieSenia sporov, alebo svedectva vo veci
majetkovych aktov (predaje/kupy, prendjmy, vytaétova-
nia) tykajucich sa banskych prevadzok a objektov (ba-
ni, mlynov, hut atd’.), ktoré¢ vydavala prislusnd mestska
rada v sucinnosti s komorskym grofom mesta. Ten re-
prezentoval kral'a, preto byva uvedeny na prvom mies-
te eSte pred zastupcami mesta, nakol’ko tym pravny akt
nadobudal vyssiu silu a banictvo spadalo pod jeho kom-
petenciu. Horeuvedeny druhy kremnicky mincovy grof
Fricko (1338) posobil v r. 1350-1352 v trade banského
grofa v Novej Bani a spolu s mestskymi funkcionarmi
riesil spory taziarov ohl'adom neplatenia ndjomného za
banské mlyny hronskobenadickému opatstvu.ll Podla
kremnického archivara Michala Matundka kremnicky
grof Fridrich Kraczer (Fridericus Chracer comes) spomi-
nany r. 1361 pri predaji dedi¢ného richarstva na Krem-
nickych Baniach!2 aj grof Fridlin (Fridlinus Comes) pri
predaji dvoch banskych mlynov na Dolnom Turéeku pri
Kremnici r. 137113 — bol totozny s tymto Frickom, hoci
mozno vzniest namietku vzhl'adom na velké casové roz-
patie udajov, musel by sa totiz dozit’ ve'mi vysokého ak-
tivneho veku. Mohlo ist’ v kazdom pripade o pribuznych.

10 LSMS, s. 66, 229, 300.

V 1. 1366 zastaval urad kremnického komorského grofa
Jan Mochel (Muchel).!s V Kremnici je d’alej dolozeny
komorsky grof Konrad Tolbay, ktory spolocne s mest-
skou radou potvrdzoval kupu domu na namestir. 1379 (in
acie circuli). Listina obsahujuca viacero tidajov o polohe
domu a s nim susediacich nehnutel'nosti je vyznamnym
prameiiom k topografii mesta v 14. st.26 V r. 1385 je dolo-
zeny ako kremnicky komorsky grof Jan (Johelinus), ktory
podl'a Matundka bol synom vysSieuvedené¢ho Fricka/Fri-
dricha Kratzera.!? Sidlom komorskych gréfov v Kremnici
bola v 14. st. pravdepodobne tzv. Stara radnica (obr. 1),
t.j. Stvorpodlazny vezovy obytny objekt v¢leneny do
opevnenia mestského hradu (po asandcii koncom 19. st.
v dosledku statickych problémov je v sucasnosti uz len
dvojpodlazny).18

Ako pukanecky komorsky grof povereny vyberanim
urbury je uz r. 1345 dolozeny isty Kadold, ktory menom
Pukancanov uzavrel zmluvu na prenajom miest na posta-
venie banskych mlynov na potoku pri Novej Bani. Jeho
vyznamné postavenie doklada aj existencia familiarov.t®
Kadold vlastnil bansky mlyn v Kremnici aj huty v Banskej
Stiavnici, kde po fiom ostalo znaéné dediéstvo (hereditas
Kadoldi in Schebnicz).20 Pukanecky richtéar Tirman bol roku
1387 sucasne aj pukaneckym komorskym grofom.2!

V Novej Bani je dolozeny v polovici 14. st. komorsky
grof Jan (Johannes) Tuvenis. Pred r. 1351 upravil tok po-
toka a nasmeroval ho k svojmu banskému mlynu tak, ze
odkrojil kus pozemku patriaceho hronskobenadickému
opatstvu, ktoré sa prostrednictvom svojho opata sa stazo-
valo priamo u panovnika.22 Dal3i komorsky grof v Novej
bani bol Mikuld$ Smit, ktory vlastnil mlyn nielen v no-
vobanskom chotari (dolozeny pri obchddzke r. 1355),23

11 MESIV,s. 38-39 Nr. 3: 6. 4. 1350; s. 4446 Nr. 13: 23. 1. 1351;s. 75— 77, Nr. 44: 4. 6. 1352; Nr. 46: 27. 7. 1352.
12 MMKrL.3.1.1: 13.12.1361, publ. MATUNAK, Michal. Z dejin slobodného a hlavného banského mesta Kremnice, Kremnica 1928, s. 461-462, &. 9.
13 MMKr. 1.10.1.1.: 24. 7. 1371 publ. MATUNAK (ref. 12), Z dejin, s. 462463, ¢&. 10.

14 MATUNAK (ref. 12), Z dejin, s. 134-135.

15 Listina vydana 24. 7. 1366, zachovana ako druhy inzert v odpise MMKr 1.1.3: 26. 3. 1372.

16 MMKrl.1.1.5: 30.11.1379.

17

18

19

20

21
22
23

MMKTr 1.36.1.3: 22. 9. 1385. Listina je na mieste priezviska poskodena a necitatel'na, tuto pasaz interpretuje kremnicky archivar M. Matunak ako
Kratzer, mad’arsky historik G. Wenzel ako Carnifex. MATUNAK (ref. 12), Z dejin, s. 135. MBKT, s. 272. Znenie listiny por. pozn. 38.
STEFANIK, Martin. Mestské hrady v Banskej Stiavnici a Kremnici do konca stredoveku. In Stredoveké hrady na Slovensku : Zivot, kultiira, spolocnost.
- Bratislava 2017, 5. 187-202, tuna s. 199-200. BONA, Martin — STEFANIK, Martin —- MALINIAK, Pavol — SIMKOVIC, Michal - BELJAK PAZINO-
VA, Noémi. Mestské hrady = Town castles. In Stredoveké hrady na strednom Pohroni. Nitra — Zvolen 2021, s. 199-236, tuna s. 211.

Kadoldus urbararius domini regis, civis de Bakabanya MES 111, s. 565, Nr. 745: 16. 8. 1345; ...concessimus sev condonavimus Jacobo, famulo
Kadoldi urbararii domini regis, civi de Bakabania...unum fundum, sev locum molendini...s. 592—593, Nr. 776: 1345. Kadoldov mlyn v Kremnici
existoval uz v 30-tych rokoch 14.st. bezprostredne po zaloZeni mesta (molendinum Kadoldi), zrejme ho Kadold dal postavit', pretoze ho este dlho
potom oznacovali jeho menom. MMKr 1.37.1.1: 14. 7. 1331. Publ. MATUNAK, Z dejin (ref 12), s. 455-457, &. 4: 14. 7. 1331. Ku Kadoldovmu
mlynu por. tiez pozn. 24.

Mestskéa kniha Notationes iudiciariae, MMBS-MOL IV-759, 3kat. 15, &. 1101, s. 37, 44, 46: 1383, 1387, 1388 (= publ. FEJERPATAKY, Laszl6
(ed.). Magyarorszagi varosok régi szamaddaskonyvei, Budapest 1885, s. 28, 33, 35...hutten gelegen czu neest obirhalb dem spetal dy do vormals
gewest ist des Kadolt... mestské kniha Notationes iudiciariae, MMBS-MOL IV-759, §kat. 15, & 1101, s. 51: 1397 (pasaz nie je zaradena vo Fejér-
patakyhio edicii).

...Tirmanus dictus Slicher Comes et Judex de Bakabania, MBKT, s. 268, nr. I.b-c: 19. 6. 1387.

Presetrenim zalezitosti bola poverena nitrianska kapitula a zoborsky klastor. MES 1V, s. 53—54, ¢. 20-21: 6-7. 5. 1351

itur usque molendinum Nicolai dicti Smit... MMNB, ¢. la: 20. 12. 1355, zachovana v odpise z r. 1364. Publ. BOTKA, Tivadar. Bars varmegye
hajdan és most. Lkotet. Regestak és okmanyok. I1.osztaly. La 68, s. 46—49, Nr. XLIII: 1364..
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Obr. 1. Stara radnice v Kremnici.
Fig. 1. Town hall in Kremnica.

Obr. 2. Mestsky hrad v Novej Bani.
Fig. 2. Nova Bana town castle.

Obr. 3. Banska Stiavnica — Kammerhof.
Fig. 3. Banska Stiavnica Kammerhof.
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ale aj niekdajsi Kadoldov mlyn v Kremnici. Mlyn dal
r. 1365 do zalohu svojmu pribuznému Ulrichovi Eysvo-
gelovi a nasledne ho nadobudli cudzinci.24 Sidlom ko-
morskych gréfov v Novej bani bol v 14. st. Stvorpodlazny
mestsky hrad (stard radnica), dnes sidlo Pohronského mu-
zea (obr. 2).25

V samotnej Banskej Stiavnici je dolozenych prostred-
nictvom jediného zachovaného relevantného prame-
fia — mestskej knihy Notationes iudiciarie od 60-tych
do 80-tych rokov 14. st. viacero komorskych gréfov:
1365-1367 Mikulas (Nikolaus comes, comes Nikusch,
Nicusschius comes),26 13721378 komorsky grof Peter,
ktory vyberal dan?? a rozhodoval o prepozi¢ani banskych
diel;28 1377-1382 tu posobili dvaja komorski grofi (Ja-
kub a Pavol, neskor to boli dvaja Mikulasovia), ktori vza-
jomne spolupracovali a spolo¢ne s mestskou radou napr.
schvalovali vyuctovanie mesta, ktoré predkladal richtar.
Uzku previazanost’ mestskej a komorskej spravy doklada
tiez skuto¢nost’, ze jeden z komorskych grofov bol stcas-
ne synom uradujuceho richtara.2® V r. 1385 je dolozeny
eSte Stiavnicky komorsky gréf Jan (Henzel) Schentel.30
Sidlo komorského grofa v Stiavnici bol tzv. Komorsky
dvor (Kammerhof) — (obr. 3), ktory vyrastol na mieste

niekdajsich opevnenych vezovych objektov pochadza-
jucich eSte z 13. st. Prvé zmienky o nom pochadzaju
z 1. 1366 (Hensel Smelczer im Kamerhof).3t

Jan (obvykle uvadzany v ré6znych variantach mena Han-
sman) Eisenrinkel (resp. Ezrinkel, Isrinkel, Isenrinkel),
ako dokladajii aj neskorsie zapisy, bol povodom Stiavni-
¢an (de Sebnicia).32 O jeho Zivote a posobeni je celko-
vo znamych 16 zmienok zo Stiavnického, novobanského
a kremnického archivu. Uz v prvych zapisoch Stiavnicke;j
mestskej knihy sa v danovom zozname r. 1364 objavu-
je mestan Ezrinkel s datiou 1 hrivna,3 o 2 roky neskor
ako Isrinkel s dafiou 1% hrivny34 a po dlhsej prestavke az
r. 1380 s daniou 1 florén.35 Od 80-tych rokov sa mu zrejme
zacalo vyrazne darit’ a postupne prenikal prostrednictvom
svojich podnikatel'skych aktivit do okolitych banskych
miest. Stcasne tiez ziskal tamojsie mestianstvo. Ako prvy
ciel’ zvolil ned’aleki Novu Banu, kde sa stal najneskor
r. 1383 aj ¢lenom mestskej rady. Ako prisazny si teda sam
sebe schval'oval spolo¢ne s d’als§imi prisaznymi a kralov-
skym banskym $tajgrom pridelenie novobanskej dedi¢nej
§toliie zvanej Reissenschuh so v8etkymi prisluSiacimi pra-
vami na vytazenu rudu v podlozi aj nadlozi. Hansman bol
jednym zo spolo¢nikov viacélenného konzorcia, okrem

24 Nos iudex et iurati cives in Chremniczia damus pro memoria...quod Nicolaus filius Nicolai dicti Smit comitis et urburarii in Chungesperg suas
litteras nobis direxit in hunc modum, quod ipse Molendinum suum superius in curia quondam Kadoldi ac fundum Curie eidem molendino situatam
pleno iure et proprietate sicut ad ipsum dinoscitur pertinere cum omnibus censibus et utilitatibis pro sexingentis et quinquaginta florenis puri auri
et iusti ponderis obligasset discreto viro Ulrico Eysvogel cognato suo... Cuius rei memoriam ... ad instanciam suprascripti Nicolai Comitis montis
regis prefato Ultrico Eysvogel et suis successoribus presentes patentes litteras nostre communitatis sigilli imporessione dedimus consignatas.
MMKTrI.1.1.2: 14. 10. 1365 (znenie listiny zachované tiez ako prvy inzert v odpise MMKr 1.1.1.3: 26. 3. 1372). Zaloh bol anulovany o rok neskor:
24. 7. 1366 (znenie listiny zachované ako druhy inzert v odpise MMKr 1.1.3: 26. 3. 1372). Mlyn stale oznacovany ako ,,molendinum quatuor
rotarum quondam molendinum Nicolai Smit que sua est in curia olym comitis Kadoldi“ medzi¢asom nadobudli viedenski kupci Stefan a Peter
Phoffingerovci a neskor ho kupil mestan Halman. MMKr 1.1.1.4: 2. 11. 1373.

25 BONA - STEFANIK — MALINIAK — SIMKOVIC — BELJAK PAZINOVA, Mestské hrady = Town castles (ref. 18), s. 222-224.

26 Mestské kniha Notationes iudiciariae, MMBS-MOL IV-759, 8kat. 15, ¢. 1101,s. 8, 10 , 11, 14 (publ. FEJERPATAKY, Szamadaskonyvet, ref. 20,
s.7,10-11, 14 ). R. 1375 je zmieneny ako discretus vir Nycus Plogil quondam comes et urburarius in Schebnitcz. Mestska kniha Notationes iudi-
ciariae, MMBS-MOL IV-759, gkat. 15, & 1101, MMBS, MOL IV-759, Nr. 1101, s. 24 (pasaZ nie je zaradena vo Fejérpatakyho edicii).

27 1372: computatione facta coram comite Petro et duobus iuratis... 1373: comes Petrus dat...1375: comes Petrus Urberarius dedit rationem co-
llectae..de nova et antiqua collecta. Mestska kniha Notationes iudiciariae, MMBS-MOL IV-759, 8kat. 15, ¢. 1101, MMBS, MOL IV-759, Nr. 1101,
s. 18,21, 25 (publ. FEJERPATAKY, Szamadaskonyvei, ref. 20, s. 16, 19, 20).

28 pred 1378:... Den Slag, den der Mertel mit dem czop und sein Geselschaft hant angehaben czu pewen...daz hat yn gegeben graf Peter urbarer und
seyn Rat... und auch dy ander graven nach yn, daz ist Tomel Schaller und Nykusch Richter... Mestska kniha Notationes iudiciariae, MMBS-MOL
IV-759, skat. 15, ¢. 1101, s. 28 (pasaz nie je zaradena vo Fejérpatakyho edicii).

29 ... Item Ulusch sutor iudex fecit racionem coram comite lacobo et comite Paulo et toto consilio qui sunt contenti...(1377) ......und auch daz gebent yn
Graf Jakusch urbarer und graf Pauel mit wissen des gancen rates... wir Jakusch graf und Pauel Graf ...zowol wirs leihen um des kuniges urbar... Nos
comes lacusch et Paulus urbararius etiam comes in Schebnitz... (1379) nos comites et urburarii videlicet Nycolaus Kursner et Nycolaus filius Ulusch
Sutoris et ludex Ulusch Sutor una cum civibus iuratis in Schebniczbania tunc temporis constituti recognoscimus presentium per tenorem... (1382).
Mestské kniha Notationes iudiciariae, MMBS-MOL TV-759, 8kat. 15, ¢. 1101, s. 26, 30, 36 (paséZe nie su zaradené vo Fejérpatakyho edicii).

30 Mestska kniha Notationes iudiciariae, MMBS-MOL IV-759, gkat. 15, &. 1101, MMBS, MOL V=759, Nr. 1101, s. 41 (publ. FEJERPATAKY,

Szamadaskonyvei, ref. 20, s. 30).

31 Prvazmienka o Kammerhofe: Mestska kniha Notationes iudiciariae, MMBS-MOL IV-759, kat. 15, & 1101, s. 9, 12: 1366 (publ. FETERPATAKY,
Szamadaskonyvei, ref. 20, s. 9). Architektonicky vyvoj por. CHOVANOVA, Iveta. Urbanistické a architektonické hodnoty Banskej Stiavnice. In
LICHNER, Marian a kol. (ed.). Banska Stiavnica — svedectvo ¢asu. Banska Bystrica 2002, s. 148 — 161, tuna s. 156.

32 Por.pozn. 49.

33 Mestska kniha Notationes iudiciariae, MMBS-MOL IV-759, 8kat. 15, ¢. 1101, s. 1 (publ. FEJERPATAKY, Szamadaskonyvei, ref. 20, s. 1)

34 Mestské kniha Notationes iudiciariae, MMBS-MOL IV-759, $kat. 15, ¢.
35 Mestské kniha Notationes iudiciariae, MMBS-MOL IV-759, 3kat. 15, ¢&.

1
1101, s. 8 (publ. FEJERPATAKY, Szdmadaskonyvei, ref. 20, s. 8).
1101, s. 34. (publ. FEJERPATAKY, Szamadaskonyvei, ref. 20, s. 26).
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neho je po mene znamy len jeden d’alsi, ktorym bol Hen-
sel Schaffer.36

1385 uz ako novobansky mestan Heinczmann zva-
ny Ysenrincel spolu s KremniCanom Hunczmanom
Tolbayom37 (zrejme pribuznym niekdajSicho komorského
grofa Konrada Tolbaya, por. vyssie) dostali od vtedajSie-
ho kremnického komorského grofa Jana (Johelinus, por.
vyssie) a od mesta Kremnica uz niekol’ko rokov opustent
mestsku dedi¢nu $tolnu (dnes znama ako Horna dedi¢na
$tolna), ktord mali udrziavat’ a zvelad’'ovat (okrem jed-
nej Stvrtiny, ktort si podla zvyklosti ponechal komorsky
grof). Pokial’ s jej pomocou odvodnia alebo odvetraji oko-
lité¢ opustené a zaplavené banské diela, tieto prejdu do ich
vlastnictva. Ziaden bansky tiradnik nesmie umoznit’ razit’
prerazky ani udelovat’ banské koncesie, ktoré by prava no-
vych drzitel'ov dedi¢nej §tdlne poskodili.38

V r. 1386-1387 je Hansman po prvy raz dolozeny uz
ako komorsky grof v dvoch suvislosiach. V danovych
zoznamoch Banskej Stiavnice sa uvadza ako Comes Ey-
senrinkel s dafiou 2 a 3 hrivny.39 Z titulu svojkej funkcie
sa zucastnil na dolezitej udalosti v dejinach banskych
miest, ktora vyustila do zalozenia ich neformalneho zvéa-
zu (spolku). Islo o komplikovany spor, ktory sa tahal

tri roky. Najprv sa niekedy v r. 1386 pred Hansmana,
Stiavnického richtara MikulaSa a viacerych nemenova-
nych ¢lenov mestskej rady Banskej Stiavnice dostavili
dvaja taziari, resp. zastupcovia dvoch konzorcii, ktorych
banské diela sa stretli v podzemi a bolo treba vyriesit
spor, ako podelit vytazent rudu s ohl'adom na to, ze niz-
Sie polozena stélna (patriaca Petrovi z Gyoru so spoloc-
nikmi) odvodnila vysSie polozenu (vlastnili ju Goczlin
Walwurth a Konrdd Punpan so spolo¢nikmi). Vyssie po-
lozena Stolia teda vyrazne profitovala z prace vykona-
nej Petrom z Gydru a jeho spolo¢nikmi. Na prvy raz sa
strany pred oboma funkcionarmi dohodli: popri obligat-
nej sedmine vytazku prindleziacej prevadzkovatelovi
odvodiovacej §tolne od majitelov odvodnenych alebo
odvetranych bani podla ustanoveni Stiavnického ban-
ského prava,4 mali Goczlin a spol. navyse prispievat’ aj
kompenzaciou tretiny ndkladov na udrziavanie usekov
bani nad uroviou vody po dobu, na ktorej sa spolo¢ne
zhodn(.41 V praxi §lo zrejme o to, Ze dve tretiny nakla-
dov odvodnovacich prac mali niest prevadzkovatelia
niz§ie polozenej $tdlne, ¢o bolo pre nich stale neunosné,
takze sa uz nasledujuci rok sa opit’ dostavili pred Han-
smana. Tentoraz uz veci prejednavali nielen pred nim

36

37

38

39
40

41
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Ich Jacob Rollo czu den czeiten unsers herrn des kwniges steiger, mitsamt Prottelm richter auf dem Konigesperg, vnd seyn gesworen purger auf dem
selben Kunigesperg mit namen Henzel Schaffer, Eysenrinkel , Heyurich Knolblauch , Henzel mit dem Ertze, Steffel Nikusch, Sliczers sun Prorcels eydem,
des Pochels sun;... vor vas kummen synd Henzel Schaffer vnd Eysenrinkel, mitsamt andern yren gewerchen, vad haben vns gepeten um eyn recht, daz do
gehoret czu eynem rechten erbstollen... und haben yn gegeben eyn rechtes recht nach gewolichem rechte aller erbstollen, alzo alles daz sey ubervaren
auf'iren gengen, iz sey oben edder vnten; edder sey in hangedens edder ligens, daz zal ir seyn.. Auch hab wir yen mer gegeben, wo sey hyn komen mit irem
stollen orte, is sey in der trunken perchwerch, edder der stickecte perchwerch in dem selben stollen, der etwenne der Reissenschuch genant ist, dy schullen
auch ir seyn... Alles daz wir yen gegeben haben czu eyme rechten, daz selbe ist yen auch vorgegeben, bei Michel Schi®tnickers czeiten dez kwniges steiger,
mit samt andern erbern leuten. Auch hab wir yen gegeben dy weile se denselben stollen Reissenschuch genant pauhafi halten, alz eyn recht ist, daz kayn
vrbarer nicht longer dyne hat czu verleyen, den mr auf dy urbar. MMKr 1.36.1.2: 18. 5. 1383. Publ. MBKT, s. 290-291, Nr. 6: 18. 5. 1383.

Pocetné rodinné prepojenia v banskom podnikani stredoslovenskych banskych miest doklada, ze podl'a odpisu dvoch kremnickych listin (k obom
odpisom por. pozn. 24) bol novobansky komorsky grof Mikulasa Smit zatom Kunczmana Tolvaya: Nicolaus filius Nicolai generi videlicet Cuncz-
mani Tholvay nominati civis de Crempniczia... MMKr 1.1.1.3: 26. 3. 1372.

Listina je v niektorych Castiach necitatelna a vyzaduje si rekonstruovanie chybajiicich pasazi. Tyka sa to aj mena komorského grofa, ktoré pripusta viacero
interpretacii (por. pozn. 17): Nos Johlinus dictus [Cratzer?, Carnifex?] tunc temporis Comes et Vi{burarius] Civitatis Chrempnicie, Nicolaus dictus Gring
Judex, Jurati et universi cives de eadem... Stollonem hereditarium stollonem Civitatis nuncupatum... plura tempora desertum et derelictum... Heinczmanno
dicto Ysenrincel civi de Kunigsperch et Hunczmanno dicto Tolbay nostro concivi ac eorum concultoribus... perpetuo et hereditario iure irrevocabiliter ac
pacifice possidendum, habendum, laborandum, vendendum et permutandum... quarta cum parte dicti stollonis pro obnotato Comite accepta et reseruata...
Si vero concultores praemissi cum predicto stollone ad montana submersa vel deserta pervenerint, aut vbi ipsi cum eiusdem stollonis a[ctu ve]l acie ipsius in
montana submersa vel deserta nondum perducta, sed per scissuras, rimas aut fracturas quascunque lapidum, saxonum, parietum, vel meatuum aquam, quam
ipsi cultores stollonis [pro]bare poterunt, eduxerint vel emiserint, vel ventum introduxerint, llla quidem montana simpliciter et sine omni contradictione predicti
stollonis cultorum existant propria, jure perpetuo et hereditario ipsis simpliciter applicata.... nec aliquis Comitum, Viberariorum, Scansorum, [Magistro]rum
Moncium... plagas eciam sleg wlgariter vocatas, in ipso sto[llone] incipere, instaurare... vel illa montana quecunque d[irigere] concessionarios... inducere, aut
concessiones cuipiam hominum locare in premisso stollone... [minime] teneantur. MMKr 1.36.1.3: 22. 9. 1385. Publ. MBKT s. 272-273, Nr. 11.2: 1385.
Mestské kniha Notationes iudiciariae, MMBS-MOL IV-759, §kat. 15, &. 1101, s. 43, 47. Publ. FEJERPATAKY, Szamadaskonyvei (ref. 20), s. 32, 34.
ltem Vo derschtikt ader dertrunckn tsechen sindt, dy Khain Radt Nach Khain Gappel geweldign Khan ader Gewinnen, vnd wirt das mit dem Erbstollen gewun-
nen, vad wil er sein Recht tzu In habn, das ist als das er gewint vnd tzeugt vnd dartzu annemet das do fiey ist mitzampt der zol das das gipt man Im dartzu vad
ymandt darpey pawt er sindt vil adr wenigk vnd ap es der stolln tzeugt zo sal man dem stolln dienen mit dem sibenden: PIIRAINEN (ref. 1), Das Stadt- und
Bergrecht von Banské Stiavnica/ Schemnitz, s. 48-49 (§ 48).

Ego Henczmanus Comes Eysenrinkel, nec non Nicolaus Judex, vnacum Juratis in Schebnicz recognoscimus... quod Petrus de Raba vna cum con-
cultoribus suis, videlicet Czudahenel et ceteri parte ab una, parte vero ab altera Goczlinus Waltwurth et Cunradus Pumpan una cum concultoribus
ipsorum ad nostram presenciam uno vrtail quorumdam montanorum... quod amicabiliter coucordati sunt in hac forma, quod Comes Petrus de
Raba et concultores sui debent recipere vnum septimale de illis montanis, et super hoc quod quid transit super aquam ad tenendum, ipse Goczlinus
Waltwurth et Cunradus Pumpan unacum concultoribus ipsorum debent subvenire cum una tercia parte tam diu, sicut ex utraque per ipsis placebit,
et possunt adimplere, et alia tercia pars etiam debet subvenire ad septimale. Mestské kniha Notationes iudiciariae MMBS-MOL, IV-759, kat. 15,
¢. 1101, s. 43: 1386. S niekol’kymi chybami publ. MBKT s. 267 Nr. L.a
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(Hanczmannus dictus Ysrinchel Comes Schebnicensis)
a novym Stiavnickym richtarom Janom (Hansmanom)
Salczerom, ale aj vrchnym kralovskym banskym Staj-
gerom Bernardom, byvalym banskym S$tajgerom Jaku-
bom, a pukaneckym komorskym gréfom a richtarom
Tirmanom. Pritomni boli aj viaceri Stiavnicki prisazni.
Vec bola zlozita, ked’ sa museli zacastnit’ tol’ki odbor-
nici a vysoki banski uradnici. ESte raz sa podarilo dia
19. 3. 1387 dosiahnut'v dohodu a zvysit prispevok od
taziarov z vysSie polozenej §tolne z tretiny na polovi-
Cu,“2 no Coskoro ani to nestacilo. O rok sa konstatuje, ze
v bani ,,stoji voda“. Da sa tomu rozumiet’ tak, ze taziari
v nizSie polozenej $tdlni prestali odvodiiovat, pretoze
vysSie polozena Stdlna na ich praci stale prili§ profito-
vala. Zavereéné a definitivne zasadanie na prikaz samot-
ného krala (Zigmunda) sa konalo v Banskej Stiavnici
dna 7. aprila 1388. Zcastnili sa ho zastupcovia vSetkych
(v tom case Siestich) stredoslovenskych banskych miest
(Kremnica, Banské Stiavnica, Nova Bana, Bansk4 Bys-
trica, Cubietova a Pukanec). Menovite sa neuvadzaju,
takze nevieme s istotou, ¢i sa aj Hansman Eisenrinkel
zucastnil. Je to vSak vel'mi pravdepodobné, ked’ze o pri-
pade vedel najviac a uréite mal k veci ¢o povedat’, hoci
jeho dovtedajsie snahy priviest dve taziarske spoloc-
nosti k dohode neuspeli. Std vydal meritérne roznodnu-
tie, ktorym urcil, Ze sa ma vyznacil ,,demarkac¢nad® linia
vysky stojacej vody (flache marchscheyde). Vsetko, ¢o
bude pod nou, prinalezi prevadzkovatel'om dedi¢nej od-
vodilovacej §tolne (teda Petrovi z Gyoru). To, ¢o bude
nad fou, zasa Petrovi Sartorovi a spolo¢nikom (jedna
zo stran medzi¢asom zmenila osoby, ktoré ju zastupo-
vali), s tym, Ze z vytazku nad uvedenou ,,demarkaénou*

liniou museli platit’ Petrovi z Gyoru eSte obvykli sedmi-
nu podla prava dedi¢nych §télni. Kto nebude respekto-
vat’ rozsudok, bude musiet’ zaplatit’ pokutu 100 hrivien
striebra. Rozhodnutie zapisali do mestskych knih zu-
castnenych miest, z nich sa v plnom zneni zachovalo len
v Stiavnickom exemplari, a v bystrickom v ¢iasto¢nom
(obhorenom) stave.43 Mestské knihy ostatnych zacast-
nenych miest sa nezachovali. Od tohto pripadu, ktory
zacal pred komorskym grofom mesta Banskej Stiavnice
Hansmanom, sa sa Coraz CastejSie stavalo, ze stredoslo-
venské banské mesta (ku ktorym v prvych desatro¢iach
15. st. od 1425 pribudla aj Banska Bela) boli z pohl'adu
panovnika vnimané ako ucelend Specializovana skupina
(=Zviz stredosl. bans. miest), ktora nielen pri sudnych
sporoch, ale aj v inych zalezitostiach vystupovala spo-
lo¢ne, napriklad pri udel'ovani privilégii, pri vypisovani
Specidlnych dani alebo naopak pri odptistani dani a pod.

Podla udajov banskostiavnickej mestskej knihy bo-
li financie mesta a komory previazané a vyuctovavali sa
spolo¢ne.4 Zaciatkom 90-tych rokov sa komorsky grof
Hansman Einsenrinkel tri razy spomina v §tiavnickej mest-
skej knihe v suvislosti s vyrovnavanim pohladaviek me-
dzi nim a mestom, pripadne komorou a mestom. Dialo sa
tak na sedeniach vyzna¢nych mestanov (niekedy, ale nie
vzdy $lo o ¢lenov mestskej rady), ktoré sa konéavali v dome
jedného z nich a vyuctovavali sa dane (ratio / satisfactio
/ summa collectarum) alebo iné finanéné zavazky. Po vy-
rovnani sa dlzoby/pohl'adavky preskrtli. Titul comes pred
jeho menom neznamend vzdy, ze v danom roku aj urad
skutoéne zastaval, pretoze na sedeniach st dolozené aj iné
osoby s tymto titulom. Zrejme tak oznacili kazdého, kto
niekedy v minulosti tak? funkciu mal. Napr. na zasadnuti

42 Nos Bernhardus Scansor Montanorum a regni Ungarie, Hanczmannus dictus Ysrinchel Comes Schebnicensis, Hanzmannus dictus Salczer Judex,
ceterique Jurati de eadem; Item Jacobus dictus Rolle olim Scansor regius, Tirmannus dictus Slicher Comes et Judex de Bakabanya, significa-
mus vniversis, quod discretus vir Petrus de Jaurino cum Czuda Honel suo concultore parte ex vna, parte ver ex altera Goczlinus Waltwueirth et
Conradus dictus Pumpann vua cum concultoribus ipsorum nostram venientes ad presenciam pro sentencia... ad talem de bona voluntate partium
ambarum sunt concordati, quod Petrus de Jaurino cum concultores suos debent recipere septimale de montanis predictorum; Insuper quod quid
transit super aquam, debent subvenire cum media parte. Et hoc debent facere, quam diu placebit ambabus partibus, et quamdiu possuut tollerare.
Et hoc factum est anno Domiui MCCCLXXXmo septimo in die Beatorum Geruasii et Protasii. Mestské kniha Notationes iudiciariae MMBS-MOL,
V=759, skat. 15, ¢. 1101, s. 43: 19.6.1387. S niekol’kymi chybami publ. MBKT s. 268, Nr. L.b-c.

43 Nos Bernhardus Scansor domini Regis et Montanorum Regui Ungarie ex mandato Regali vna cum Civitatibus ad hoc convenientibus, videlicet
Kremnicenses, Baccabaniense, item de Monte Regis, Bistricenses, Lubetinenses... convenimus iu Schebniczbania, et ibidem sedimus unum
ludicium secundum mandatum regalium inter Petrum de Raba et concultores suos parte ab una, parte vero ab altera inter Petrum Sartorem
etiam concultores suos...Ita sicut aqua pro nunc stat in eodem montano, illa aqua debet designari, et hoc debet nuncupari eyn flache mar-
chscheyde, et hec flache marchscheide semper debet procedere ante se, et quod quid est sub eadem flache marchscheide, hoc fuit submersum
montanum, et hoc contulimus Petro de Rab et concultoribus suis ad suum stollonem hereditarium; item super hoc dedimus Petro Sartori et
concultoribus suis. Hoc quod quid est super hanc flachmarchscheide, de illo debent porrigere Petro de Raba vaum septimale sine recusa
omnimoda. Hec concordia facta est in Schebnicia, presentibus houestis viris de Civitatibus predictis... Et ideo causa pacis unionis inveni-
mus ct posuimus unum vinculum super partes utrasque, ut quicumque inventus fuerit fractor illius composicionis, ille debet esse convictus
domino Regi in centum marcis fini argenti. Mestska kniha Notationes iudiciariae MMBS-MOL, IV-759, §kat. 15, &. 1101, s. 43: 7. 4. 1388.
S nepresnostami publ. MBKT s. 268, Nr. 1.d. Zépis v banskobystrickej mestskej knihe MBB-370/16, s. 66. Publ. FEJERPATAKY, Szdmadas-
konyvei (ref. 20), s. 89. Regest publ. MATULAY, Ctibor. Mesto Banska Bystrica. Katalog administrativnych a sudnych pisomnosti 1. (1020)

1255 — 1536, Bratislava 1980, s. 31 — 32, ¢. 57, 58.

44 1387: Item notandum est, quod iudex Henczmannus Salczer fecit rationem coram iuratis civibus pro collecta civitatis et pro pecunia camerae et
pro omnibus rationibus.... Mestska kniha Notationes iudiciariae, MMBS-MOL IV-759, $kat. 15, &. 1101, s. 47. Publ. FEJERPATAKY, Szamadas-

konyvei (ref. 20), s. 34.
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na 29.septembra 1390 konanom v dome mestana Wynanda
sa zucastnil comes Eysenrynkel aj comes Ploczel .45
Zhruba v tom istom case (zapis je nedatovany, ale mu-
selo to byt pred julom 1392) vzal Hansman Eisenrinkel do
zéalohu niekol’ko nehnutelnosti §tiavnickych mestanov za
uhradu ich d1z6b alebo za pozicané peniaze. I§lo o Stiavnic-
kého prisazného Uluscha Sutora,% ktory zalozil svoj dom
za dve dlzoby vo vyske 150 a 63 &ervenych florénov. Dalej
vzal Hansman do zdlohu dom mes$tana MikuldSa an dem
Steg za viacero dlzob v roznej vyske. Najviac udajov sa zo
zapisu dozvedame o dlznikovi pekarovi Matejovi. Zafno
totiz komorsky grof Hansman Eisenrinkel prevzal dlzobu
vo vyske 18 ¢ervenych florénov voci Janovi Knoblaucho-
Vvi,47 ktoré mu (Knoblauchovi) vyplatil v pritomnosti sa-
meého Mateja vo Zvolene. Zrejme $lo o dlzobu na daniach,
ktoré zanho niekedy predtym Jan Knoblauch uhradil. Za
dalSie nespecifikované dlzoby Matej zalozil aj svoj dom
a vSetky nehnutel’nosti, ktoré mal v okoli (in montibus et
vallibus). Matej mal dlzobu aj voci d’alsiemu komorské-
mu grofovi Mikulasovi Ploczelovi vo vyske 9550 denarov,
za ktort predtym na jeden rok a den zalozil svoj mlyn pri
Stiavnickych Baniach a zaviazal sa ho opravit. Pokial’ by
tak neucinil, komorsky grof mal zalezitost’ predlozit’ mest-
skej rade.4¢ Vzhl'adom na uvedené je zrejmé, zZe tieto dI-
zoby nepreberali komorski grofi na seba ako na sukromné

osoby, ale v mene inStiticie (teda komory) a v sucinnosti
S mestom.

Najvyznamnejsi dokument vzt'ahujici sa k Hansmanovi
Eisenrinkelovi pochadza z r. 1391. Kremnicky, novoban-
sky a Stiavnicky kralovsky bansky grof Henczmannus,
ktory na vlastné naklady postavil na juhovychodnej strane
mesta Nova Bana Spital s oratériom s patrocinion svitej
Alzbety, ziada ostrihomského kanonika vikara ostrihom-
ského arcibiskupa Leonarda o sthlas s rozsirenim $pitala
o dalsie stavby. Na financovanie $pitala poskytuje Hans-
man vynosy svojho budinskeho domu vo vyske 100 zla-
tych florénov ro¢ne, ktoré rozdelil tak, ze predstavenému
Spitala bude vyplacanych 40 fl. rocne a zvySnych 60 bude
pouzitych pre potreby chorych alebo chudobnych klientov.
Spital s oratoriom budil fungovat' oddelene od novoban-
skej fary a predstaveného bude vyberat’ sam Hansman
a po jeho smrti jeho dedicia v spolupraci s mestskou ra-
dou a banskym gréfom, ktory bude jeho nasledovnikom
v Urade. Vyber bude musiet’ schvalit’ ostrihomsky arcibis-
kup.4e Spitalsky kostolik je v meste Nova Bafa zachovany
dodnes a na jeho prieceli je umiestneny Hansmanov erb.
(obr. 4-5). O necelé dva roky neskor - dna 23. februara
1393 mu kral' Zigmund Luxembursky daroval dedinu
Magasmarthon — Vysoké Brehy (dnes Brehy) leziacu na
protilahlej strane Hrona, ktord bola dovtedy majetkom
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1390: Comes Eysenrinkel tenetur pro collecta sua 24 flor.ruffos (preskrtnuty). Mestska kniha Notationes iudiciariae, MMBS-MOL IV-759, $kat. 15,
&. 1101, s. 47. Publ. FEJERPATAKY, Szamadaskonyvei (ref. 20), s. 36; 9. 9; ...Item A.D. 1390 in die Michaelis in domo Wynandi cum fuimus con-
gregati, tunc fecimus rationem pro illis hominibus qui concesserunt pecuniam ipsorum ad civitateme:... Item comes Ploczel habet super civitatem
XXXVII flor: ruffos et 1 ruffum florenum.... \tem pecuniam camerae L florenos rufos tenet comes Eysenrynklel. (preSkrtnuty). ... 21.2.1391: ...de
summa antecedenti.... Plocelino comiti etiam civitas tenetur XXI ruffos florenos ... quod illi supradicti homines habent in vase super civitatem illos
predisctos florenos. (preskrtnuty). Tamze, s. 49. Publ. FEJERPATAKY, Szamadaskonyvei (ref. 20), s. 36; 18. 4. 1392: Item notandum est quod
civitas tenetur comiti Henczmano Eysenrinkil 33 ruf. flor. Anno praesenti videlicet 1392 feria V infra oct. Pascae (preskrtnuty). Tamze, s. 49. Publ.
FEJERPATAKY, Szdmadaskonyvei (ref. 20), s. 37.

Ulusch Sutor (Schuster/Schistyr) bol zavrazdeny v Stiavnici 29.7.1392. Jeho vrazda bola predmetom velkého sidneho pripadu s viacerymi obvine-
nymi. Mestska kniha Notationes iudiciariae, MMBS-MOL, IV-759, §kat. 15, &. 1101, s. 23. Zapis o uvedenych dlzobach teda musel vzniknut’ pred
jalom 1392.

Mohlo ist' o pribuzného novobanského prisazného Henricha Knoblacha spominaného 1383, teda Hansmanovho kolegu v mestskej rade (por.
pozn. 36). V Kremnici sa r. 1393 spomina tiez mlyn Petra Knoblacha (molendinum quondam Petri Knoblach). MMKr 1.23.1.2: 29. 8. 1393.

Item notandum quod comes Hennczmanus Eysenrynkel persolvit ante Mathiam pistorem honesto viro Knoblauch in Antiquo Solio XVIII ruffos flore-
nos pro censutragio. Item etiam pro aliis debitis quos idem Matias pistor tenetur idem comiti Henczmanno Eysenrynkel etiam stat pro pignore idem
domus et omnia que habet et possidet in montibus et in vallibus. / Item domus Nycolai an dem Stege stat pro pignore comiti Henczmanno Eysenrynkel
pro C ruffis florenis et pro uno floreno et pro Ij floreno et pro C florenis per L grosssos. / Item domus Ulusch Sutoris stat Henczmanno Eysenrinkel
1§~ ruffos florenos et LXIII ruffos florenos. Mestska kniha Notationes iudiciariae, MMBS-MOL 1V-759, 8kat. 15, &. 1101, s. 45. ...Item sciendum est
quod Mathias pistor tenetur honesto domino Nycolao comiti Ploczel Ixxxxvj~ denarios ante illam pecuniam obligavit coram iudicio unum molendi-
num situatum in Sygelspach pro pingnore ita quod debet tenere annum et diem et quod ipse Mathias pistor debet istud molendinum emendare et non
destruere et si ipse illus molendinum non vellet emendare ex tunc ipse Nycolaus Ploczel debet se intermittere de illis pignoribus faciendi et dimittendi
sicut ipse interscriptus pistor coram iudice et luratis se obligavit. Tamze, s. 49. Cit. pasaze nie st zahrnuté vo Fejérpatakyho edicii.

...honestus vir Henczmannus Isenrincel de Sebnicia, pronunc Comes et Urburarius regius de Crempnicia, de Konigsperg et de dicta Sebnicia... Hospitale
cum oratorio eidem annexo in honore beate Elisabeth in fine dicte Civitalis Konigsperk versus origentem suis expensis et laboribus edificari et construi
procurasset, velit quod illud iuxta possibilitatis sue facultatem amplioribus edificiis et structuris decorare... ymo pro nunc quandam domum suam in civitate
Budensi propr ecclesiam beati Georgii martiris... dicto hospitali et Magistro eiusdem pro tempore constituendo dedisset et in perpetuum donasset, tali modo
quod de censu annuali eiusdem domus cuius quantitas se ad centum florenos aureos extendit, Quadraginta floreni aurei Magistro dicti hospitalis pro tunc
constituto qui per se vel per alium perpetue diebus singulis in dicta ecclesia sev oratorio missam celebrare tenebitur, residua vero pars dicti census pro infir-
mis et pauperibus eiusdem hospitalis per Conventorem dicte domus administrari debebunt et exhiberi. Ita tamen, quod idem magister hospitalis cum eodem
hospitali et oratorio a lurisdictione Ecclesie Parochialis in dicta Konigsperk ac Plebani eiusdem protunc seu perpetue existentis, separati, sequestratique
existant penitus et exempti. Quorum etiam ipse Henczmannus Comes quo ad tempora vite sue et post mortem ipsius proximi consanguinei sui de consilio
Comitis ac Judicis et Juratorum ciuium de eadem Konigsperk magistrum ydoneum prefati hospitalis eligendi, constituendi et presentandi lus habeant Pat-
ronatus per Archiepiscopum Strigoniensem confirmandum. MMNB, €. 1b: 15. 6. 1391. ed. s chybami CDH X/3, s. 117-119, Nr. CXVIIL: 1391.
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banskej komory.5° VSetky prijmy z nej (okrem kral'ovho
prijmu z urbur, teda z banskych dani) mali byt pouzité na
financovanie $pitalskeho kostolika (sv. Alzbety) a bude ich
spravovat’ on, jeho zakladatel’, bansky grof v Kremnici
(Hanchmann Izrenkel, Comes urburarum de Krempnichia)
a po jeho smrti jeho najblizsi pribuzni v spolupraci s no-
vobanskou mestskou radou.s!

Hansman bol v tomto ¢ase uz mozno chory, mozno stary,
preto sa orientoval v zvySenej miere na duchovné zalezi-
tosti. Nasledujtci a posledny dokument, ktory sa ho tyka,
doklada, ze zomrel kratko po darovani Vysokych Brehov,
pretoze v auguste 1393 je uz zmieneny ako nebohy. Pred
jeho nastupcom vo funkcii, novym komorskym gréofom
v Kremnici Janom Cwikilom a kremnickou mestskou radou
sa rieSila Cast’ jeho dedi¢stva, konkrétne dva banské mlyny
na Kremnickom potoku. Hansmanovou legitimnou dedic-
kou bola jeho dcéra Margaréta, zastupovana svokrom Ja-
kubom, teda otcom Hansmanovej manzelky, o ktorej nie je
inak zname ni¢. Listina mala chranit ich dedi¢stvo vo¢i pri-
padnym poziadavkam blizSie neSpecifikovaného Ondreja,
ktorého néaroky boli prehlasené za neplatné.s2 Ide zaroven

o jediny doklad vztahujici sa na Hansmanovu rodinu
a svedci o uzkych vizbach a vzajomnych prepojeniach elit-
nych rodin zamerne budovanych aj svadobnou politikou.
Hansmanov svokor Jakub bol totiz richtairom Batoviec, tri
mesiace po prejednani dedicstva sa spolu so Stiavnickymi
prisaznymi zucastnil na stretnuti, kde schvalovali vyuc-
tovanie dani predkladané richtirom Banskej Stiavnice.s3
Okrem toho je v inych rokoch aj on sam dolozeny ako ban-
sky grof v Banskej Stiavnici aj v Kremnici.5*

Hansman Eisenrinkel je spomedzi komorskych grofovss
a banskych podnikatel'ov najva¢sim poctom pramennych
zmienok dolozena, bezpochyby najvyznamnejsia osobnost’
stredoslovenskej banskej oblasti poslednej tretiny 14. sto-
ro¢ia. Richtarom Banskej Stiavnice nikdy nebol. Stiavnic-
ky archivar Vojtech Baker ho sice uvadza aj ako richtara
r. 1390 vo svojich zoznamoch publikovanych v ¢asopi-
se Karpatenland v 30-tych rokoch 20. storocia, ide vSak
0 omyl:56 iudex Henzel Eysereyn ma totiz len podobné
meno, no ide o ini osobu, obaja s napr. v mestskej knihe
v rovnakych stpisoch dani uvadzani vo viacerych rokoch
(1386, 1387, 1390) osobitne.57
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Dedina Brehy sa spomina uz v stivislosti s prvym kremnickym komorskym gréfom Leopoldom, ktory ju nasilne zabral. Por. vyssie, pozn 3.

... providi viri Hanchmanni, Izrenkel dicti, Comitis urburarum nostrarum de Krempnichia ... ad beatam Elisabeth, in cuius nomine Ecclesia hospitalis de
Kunisperg infrascripta constituta fore perhibetur ... Quandam possessionem nostram Magasmarthon vocatam, prope ipsam ciuitatem nostram Kensperg
existentem alias per urburarios nostros de eadem Kunsperg possessam cum omnibus vtilitatibus, redditibus proventibus et daciis ac aliis quibuslibet
pertinenciis eiusdem sub suis veris metis et antiquis quidam per ipsos urburarios nostros hucusque usa tenta fiit et possessa, memoratae Ecclesiae
hospitalis beate Elysabeth de ipsa Kunsperg per ipsum Hancmannum constructe, ... ymo damus donamus et conferimus per ipsam Ecclesiam perpetuo et
irrevocabiliter possidendam.... Hoc expresso, ut idem Henchmanus Izrenkel vniversos redditus et prouentus, ... eydem Ecclesiae et pauperibus in eadem
degentibus vsque vitam suam debitis semper in temporibus debeat amministrare. Mortuo autem ipso Henchmano proximiores ipsius consanguinei cum
consilio ludicis et luratorum de dicta Kunsperg eosdem redditus et proventus possessionis antefatae, modo simili dictae Ecclesiae et Pauperibus ante-

fatis amministrare plenarie, et sine defectu valeantur et teneantur. Volumus tamen ut per hoc redditus et proventus urburarum nostrarum predictarum

diminucionem non paciantur aliqualem. MMNB, €. 12: 23. 2. 1393, ed. so zna¢nymi nepresnostami CDH X/2, s. 106 — 108, Nr. XLV.

... providus vir Jacobus Iudex de Badd wigariter FFrawinmargt in personis puelle filie condam Henczmani Issrink et sui ipsius...supplicando,
quatenus predicte puelle Margarethe filie condam Henczmani et Jacobo awo ipsius puelle ac heredibus suis ... super possessionibus in limitibus
nostre civitatis per mortem condam Henczmani Issrink Generi sui ... iure successorio... videlicet duobus molendinis in Magna aqua in medio mo-
lendinorum llangerynne et condam Petri Urbarer habitis sitis et locatis. Que molendina per mortem predicti condam Henczmani Issrink ad dictam
puellam Margaretham filiam ipsius condam Henczmani Issrink et ad prenotatum Jacobum awum dicte puelle, iuxta compositionem arbitralem
iuridice dignoscitur devoluisse... Nos itaque iustis ipsius peticionibus racionabiliter approbatis ... predicta duo molendina ex arbitrali et iuridica
conpositione predicte puelle Margarethe ac Jacobo awo ipsius ... cum omnibus suis limitibus pertinenciis usu fructibus ... apparamus perpetuamus
iure nostro civili perpetue hereditarieque possidenda ...Etiam si super possessione predictorum molendinorum quecumque littere scripture karthe
presentes emanate causa litteris contra predictum Andream vel suos heredes ac ipsius legittimos successores producentur presentibus non preiu-
dicentur, sed omnes et singulas chassas et vanas pronunciamus et omnibus iuribus karituras. MMKr I.1.1.10a: 25. 8. 1393. Listina nie je zaradena
v zigmundovskom diplomatari ZsO 1.

1390: ...civitas tenetuir comiti nostro videlicet Iudici de bat XIX flor. Mestska kniha Notationes iudiciariae, MMBS-MOL IV-759, 8kat. 15, &. 1101,
8. 47; 1396: Jakusch Richter von Viauewenmark (= Batovee) tzu den tzeyten Graf auf der Crempnitz. tamze, s. 45; 1406: Ich Jacusch von Frawinmarkte
dy selbe tzeit urbirgraff in der Schebnicz und off anderen pergwerken, tamze s. 53; ... Ich Jacobus von Bath Graff und urburarius auff der Schebnicz...,
tamze s. 56; 1407: acta et facta in die sancti Valentini in stuba lacobi de Batha... tamze s. 57; nedatované: ...factum et actum tempore Jacobi de Baat
comitis et ludicis nri ploczczelini... tamze s. 66; tempore ludicis Jakusch urbararii... tamZe s. 68. Cit. pasaze nie st zahrnuté vo Fejérpatakyho edicii.

Hansmanove funkcie dokladaji oddelenost’ banskej a mincovej komory. V rovnakych obdobiach ako zastaval svoj Grad on, pripadne jeho svokor
Jakub (por. pozn. 53) je doloZeny mincovy grof FrantiSek Bernardi. 1391: comes monetarum et tricesimarum. MAYERL Benedictus. Historia
Cremniciensis conventus ord. Min. s. P. Francisci, s. 34-36. Kniznica rimsko-katolickej fary v Kremnici, publ. LAMOS, Teodor. Vysady kremnic-
kych minciarov v stredoveku, Historické stidie 9/1964, s. 200-222, tuna s. 218-220 (¢. 1I: 24. 6. 1391); Franciscus Bernardi comes camerarum
monetarum nostrarum: ZsO 1, s. 293, Nr. 2710: 7. 12. 1392; Franciscus Bernardi comes camerarum monetarum nostrarum: ZsO I, s. 464, Nr. 4234

BAKER, Adalbert. Die Kammergrafen von Schemnitz. Anno 1365-1873. Karpatenland 5/1932, s. 27-30, tuna s. 27 ¢. 12; tenze, Die Stadtrichter

53 Mestské kniha Notationes iudiciariae, MMBS-MOL IV-759, §kat. 15, &. 1101, s. 48: in die Galli, 16. 10. 1393.
54
55
18. 1. 1396, ed. CDH X/3,s. 180 a X/8, s. 407.
56
von Schemnitz. Anno 1275-1869, Karpatenland 5/1932, s. 54-57, tuné s. 54.
57

Mestské kniha Notationes iudiciariae, MMBS-MOL IV-759, $kat. 15, ¢. 1101, s. 43, 47, 49. Publ. FEJERPATAKY, Szdmadaskényvei (ref. 20),
s. 32, 34, 36.
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* §tudia vznikla v ramci projektu APVV-19-0131: Ars
mo-riendi, projektu VEGA 2/0017/23: Pravna norma verzus
sudna prax a VEGA 2/0089/20: Stidie k Zivotosprave stre-
dovekého cloveka. Autor je pracovnikom Historického
ustavu Slovenskej akadémie vied v Bratislave.
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