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Abstract

The Brixental was an important connecting area be-
tween the Bronze and Iron Age copper mining districts
of Schwaz-Brixlegg in the west and Kitzbiihel-Jochberg
in the east. For this reason, the mining landscape of
the Brixental, which has been little researched to date,
was investigated for potential prehistoric copper mines.
Through literature research and the study of geodata
(DEM, orthophotos) prior to the surveys carried out in
2023, a total of six core areas were defined, which were
investigated for the presence of mining archaeological
features and finds. During the survey, all relevant fea-
tures like mining heaps (Bergbauhalden), depressions
formed by open-cast mines or collapsed adits/”min-
ing pits” (Pingen) and underground mines (untertdigige
Abbaue) were documented and samples were collect-
ed for radiocarbon dating. In this way, it was possible
to provide evidence of prehistoric mining at three sites
based on the artefacts discovered (stone tools, pottery,
slag, etc.), while in the case of Gotschen near Brixen im
Thale it was possible to obtain radiocarbon dating for
Early to Middle Bronze Age mining. In addition, various
samples provided evidence of widespread mining activ-
ities in the Late Middle Ages and Early Modern Age. In
these periods the Brunnalm in Kirchberg in Tirol was
particularly important. Located at the western entrance
to the Brixental, Grattenbergl in Kirchbichl was inves-
tigated using geophysical methods (geomagnetic mea-
surements), revealing evidence of metallurgical activities
(smelting furnace and/or roasting bed) during the Hall-
statt period. It can therefore be concluded that copper
mining was carried out in the Brixental that was similar
to the well-known mining areas (Kitzbiihel-Jochberg,
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Schwaz-Brixlegg) in the vicinity and that traces of it
have been preserved to the present day.

Introduction

As part of the project “Information Integration for Pre-
historic Mining Archaeology”! at the HIMAT Research
Centre at the University of Innsbruck, surveys for min-
ing archaeological remains in the Brixental were car-
ried out during three weeks in 2023. The aim of these
investigations was to examine the prehistoric mining
landscape, which is now known internationally as a
world-famous skiing region, but has so far been little
explored archaeologically. The Brixental is an approxi-
mately 30 km long south-eastern side valley of the Ty-
rolean Lower Inn Valley, which branches off near Worgl
and joins the Leuken Valley near Kitzbiihel and consists
of the municipalities of Itter, Hopfgarten im Brixental,
Westendorf, Brixen im Thale and Kirchberg in Tirol
(Figure 1)2. Based on the very prominent location of
Grattenbergl (Figure 1,1) at the western entrance of the
Brixental, it can be assumed that this was an important
strategic position, as the route into the Brixental - and
thus to the rich ore deposits in the Kitzbithel and Brixen-
tal area - could be controlled (Tomedi, 1998, p.41). How-
ever, as Grattenbergl has been poorly researched to date,
it was decided to investigate this site using geophysical
methods. The most important copper deposits in the
Brixental are found around Hohe Salve (1.828 m a.s.l),
which is a landmark visible from far away. The western-
most prehistoric site, Itter-Kraftalm (Figure 1,2), is lo-
cated on the north-western slope of Hohe Salve, while
the newly discovered - supposedly historical mines - at
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Figure 1. Topographic map of the “core-areas” of the 2023 mining survey in the Brixental: 1: Kirchbichl-Grattenbergl, 2: It-
ter-Kraftalm, 3: Westendorf-Jordanwiese, 4: Brixen im Thale-Niedingerwiese, 5: Brixen im Thale-Gotschen, 6: Kirchberg in Ti-
rol-Brunnalm. Bottom left: Map of the research area (yellow circle) and well-known prehistoric mining districts in the Tyrol and
Salzburg (red circles): A: Schwaz-Brixlegg, B: Kitzbiihel-Jochberg, C: Glemmtal/Viehhofen, D: Mitterberg. Map: R. Lamprecht.

Westendorf-Jordanwiese (Figure 1,3) are located further
south. To the east there are further (presumably) prehis-
toric mines at Niedingerwiese (Ottneralm). Probably the
best-known prehistoric mining area in the entire region
is located south of Brixen im Thale near the Z6pfl home-
stead in the Gotschen area (Figure 1,5). The easternmost
site explored during the survey is located at Brunnalm in
Kirchberg in Tirol (Figure 1,6), where extensive mining
operations were carried out in historical times.

It is remarkable that not a single Bronze Age settle-
ment is known from the entire Brixental valley. From
the vicinity of the Brixental, prehistoric settlements
are known from Bacherbirg in Aurach near Kitzbiihel
(Krauf3, 2001, 2002, 2003, 2004, 2005) and Grattenbergl
in Kichbichl. Nevertheless, a single Late Bronze Age
necropolis is known in the entire valley with the Wes-
tendorf site (Merhart, 1931). Another Late Bronze Age
cemetery has been found at Kitzbiihel-Lebenberg at the
beginning of the Brixental (Eibner and Pittioni, 1974;
Scheiber, 2011). There are however numerous prehistor-
ic stray finds known from the entire Brixental, testify-
ing to the extensive prehistoric occupation of this region
(Zemmer-Plank, 1968).

State of research - previous investigations
into prehistoric mining in the Brixental

While the adjacent mining regions such as Kitz-
biihel-Jochberg (Much, 1879; 1902; Preuschen and
Pittioni, 1939; Pittioni, 1943; 1968; Klaunzer, 2008;
Koch Waldner, 2017; 2019) and Schwaz-Brixlegg
(Goldenberg, 1998; 2013; 2015; Rieser and Schratten-
thaler, 1998/99; Goldenberg and Rieser, 2004; Staudt,
et. al., 2019a) have been researched for quite some time,
the Brixental is poorly researched®. With the excep-
tion of the Gotschen site site (Preuschen and Pittioni,
1954) south of Brixen im Thale, not a single prehistoric
mining site was known in the entire valley. Heinz Neu-
ninger, Ernst Preuschen and Richard Pittioni were able
to provide evidence of prehistoric mining at G6tschen
in the 1960s and 1970s (Neuninger, Preuschen and
Pittioni, 1970). In 1992, R. Krauss and P. Gstrein con-
ducted an excavation at Gétschen (Gstrein, 2013, p.42),
however, the finds and features were not published,
while later investigations (Staudt and Goldenberg,
2018; Lamprecht, 2019, Tabl.43) were also able to prove
prehistoric mining. Nevertheless, a new inspection of
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the site was necessary to gather samples for radiocarbon
dating and to clarify the state of preservation of the site.

The situation is quite different at Niedingerwiese site
(occasionally referred to as Ottneralm or Traholzrevier)
to the east of Hohe Salve. Although prehistoric mining
has long been suspected in this area (PoSepny, 1880,
p.372; Isser von Gaudententhurn, 1888, p.242; Srbik,
1929, pp.160-161), no archaeological investigation has
thus far proven its existence.

By far the most widespread research area was
Brunnalm north-west of Jufenkamm west of Kitzbiihel
which is primarily known as a historic mining area.
Its peak activity was probably between 1500 and 1580
AD, when fahlore, pyrite and chalcopyrite, cinnabar
and quartz were mined (PoSepny, 1880, pp.374-380;
Isser von Gaudententhurn, 1888, p.213). A map by P.
P. Zwicknagel from 1792 shows as many as 40 mines
(Posepny, 1880, p.375; Tabl.VII, Fig.11), while another
map from 1749 shows 47 mines in the Brunnalm area
(unknown author, 1749). In some cases, these two his-
torical maps could be used to locate and chronologi-
cally categorise terrain features (depressions formed
by mining/”mining pits”, mining heaps, etc.), which is
why it was possible for the first time to assign some of
the mining features on Brunnalm to a specific historical
mine name (Figure 2). The main focus of the survey
was on the area south of Innere Brunnalm, where evi-
dence of prehistoric mining (stone tools, ore processing
layers etc.) were discovered in 2011 (Albrecht, Schrat-
tenthaler and Rieser, 2012).

The last core area of the 2023 survey was Kraftalm
in Itter west of Hohe Salve. There are several presum-
ably prehistoric mining structures in the immediate
vicinity of the new Alm* built in 2020. Apart from a
brief mention of large fire-set mines by Peter Gstrein
(Gstrein, 2013), these mines were completely unknown
in the literature and consequently not investigated. The
collection of prehistoric artefacts related to mining ac-
tivities (stone tools, ceramics, slags etc.) by the mining
researcher Hanspeter Schrattenthaler provided new in-
sights into these structures and indicates extensive pre-
historic mining in this area.

Research history of Grattenbergl in Kirchbichl

First finds were discovered on Grattenbergl in the first
half of the 19 century; however, they were original-
ly thought to be the remains of a Roman settlement.
Further finds came to light in 1813 during the con-
struction of ramparts (von Mersi, von Pfaundler and
Roggel, 1834, pp.267-268; Worgler Antiquititenverein,
1842, p.2583). On the southern side of the Brixentaler

Ache, a large Iron Age necropolis was uncovered on
Egerndorfer Feld in the 19 century and subsequent-
ly explored by various archaeological excavations. In
total, over 700 cremation graves were uncovered (Egg,
2016, p.270). Archaeological research of the immediate
surroundings - and thus also of Grattenbergl - experi-
enced an enormous boost because of the excavations at
Egerndorfer Feld. In 1911, Franz von Wieser reported
traces of a ring wall on Grattenbergl, but also noted that
there were still remains of the fortifications from 1809
(Tyrolean Rebellion) in the same area (Wieser, 1911,
p-4). However, it is no longer possible to reconstruct
the location of these fortifications, as they are no longer
visible. It is also still unclear to what extent Gratten-
bergl was affected by the military actions of 1809. All
we know is that Austrian soldiers were stationed there
for some time (Prem, 1909; Mertelseder and Schemfil,
2007, p.100).

The first archaeological excavations on Gratten-
bergl were carried out in two campaigns between
1975 and 1978 by the Archaeological Department of
the Tyrolean State Museum Ferdinandeum (Liselotte
Zemmer-Plank). On the south side of the hilltop, a 74 m
long excavation trench was opened®, in which settle-
ment phases between the Bronze Age and the Latene
period were identified (Egg, 1976, p.343; 1979, p.167;
Zemmer-Plank, 1990, p.96, nt.117). Unfortunately, the
excavations had to be stopped and the results have re-
mained unpublished to this day, meaning that an im-
portant prehistoric find complex has been inaccessible
for the scientific community. The mining researcher
Robert Kraufl carried out another excavation on the
eastern side of Grattenbergl in 1995, the results of which
also remain unpublished (Solder, 2014, p.19, 29). Since
then, no more archaeological investigations have been
carried out. Nevertheless, there have been reports of
stray finds from Grattenbergl (Merhart, 1934, p.103;
Gleirscher, 1986; Zanesco, 1994). One of the most sub-
stantial find complexes is probably the one recovered by
Hans Appler, Alexander Altenburger and Josef Zeisler,
which includes 50 kg of pottery fragments. Chronolog-
ically, the finds could be assigned to the Hallstatt C and
D phases (Appler, Altenburger and Zeisler, 1997, pp.12-
13, 51-54). In addition, various metal artefacts (Appler,
2010, pp.76-81), tuyéres (Tochterle, et al., 2013, p.6;
Tomedi, Tochterle and Staudt, 2013, p.62, 64, Fig.10)
and stone tools (Lamprecht and Haas, 2022) were dis-
covered, which allow us to conclude that metallurgical
activities were carried out at the site. Unfortunately,
Grattenbergl is a popular target for illegal metal detec-
torists and illegal diggers, which is why many finds can
be considered to be lost.
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Mineralogy of relevant ore deposits

The Brixental is located in the greywacke zone and the
Northern Calcareous Alps as well as in the areas bor-
dering Salzburg in the Silvretta-Seckau Nappe System
(Kreuss, 2008). As in the case of the Hohe Salve, the cop-
per deposits are found within the Schwaz Dolomites, the
Wildschénau Schists and the Banked Dolomites (Kreuss,
2008) or in the case of Brunnalm in Kirchberg in Tyrol
within a mixture of Banked Dolomites and Sandstone,
Siltstone and Claystone (Heinisch, et al., 2003). Inter-
estingly, the Brixental has also chalcopyrite ores in ad-
dition to the fahlore known from the Schwaz-Brixlegg
district. While fahlore and chalcopyrite are prominent
at the Gotschen site, fahlore dominates at Brunnalm
and in the Traholz district (=Niedingerwiese) (Vohryz-
ka, 1968, pp.17-24; Neuninger, Preuschen and Pittioni,
1970, pp.22-23; Vavtar, 1977) as well as Itter-Kraftalm
and Westendorf-Jordanwiese.

Methods of surveying

Field survey

Prior to the archaeolgical fieldwork, extensive research
was carried out over a period of several weeks. The evalu-
ation of geodata (aerial photographs, terrain models, ge-

ological maps) was important in this context, as mining
structures can be identified based on suspicious terrain
features such as artificial fills (mining heaps) and places
where material was extracted (depressions formed by
open-cast mining, underground mines, etc.). Such sus-
picious terrain structures can be identified in the digital
terrain models based on previous experiences gathered
during field surveys undertaken in the historic and pre-
historic mining districts in the Lower Inn Valley. The
analysis of a hillshade model® according to visual cri-
teria like artificial elevations and depressions described
above was particularly useful in this step (Figure 3). In
addition, elevation contour lines (distance 0.50 m) were
created to be able to identify possible mining structures
more easily. As a result, it was possible to define a to-
tal of 121 areas of visual interest for the entire project
area, which could then be specifically visited during the
subsequent field surveys. The written sources on mining
in the Brixental provided several other potential sites
where mining could not necessarily be detected during
the surveys. A further source for defining areas of inter-
est is the Interactive Raw Material Information System
(IRIS)?, which lists mineral deposits throughout Aus-
tria. In this case, the copper deposits in the study area
were of particular interest.

To have all relevant geodata available in the field, a
standard tablet (Android) and various smartphones with

Figure 3. Areas of visual interest based on the DEM (yellow areas) connected with survey data (depressions formed by open-cast
mines or collapsed adits/”mining pits”: blue, mining heaps: red, finds: red cross). The mining traces in this area showed to be related
to intense mining activities in the Early Modern Age (15 - 18t century AD). Core region “Brunnalm” in Kirchberg in Tirol. Geo-
data: Region of the Tyrol/Federal Office of Metrology and Surveying. Map: R. Lamprecht.
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Figure 4. Drone image of the prehistoric mining area at Gétschen near Brixen im Thale. Photo: R. Lamprecht.

the portable QGIS application Qfield® and Locus Map®
were used. These devices were subsequently used to
map the finds and structures using GPS. All discovered
finds and features were measured, photographed and de-
scribed using a dedicated recording sheet. Each feature
relevant to mining archaeology was described as way-
point (WP). In this way, 109 features were discovered.
The most common features were depressions formed
by mining (open-cast mines or collapsed adits; N=53),
mining heaps (N=35), collapsed mine entries (N=5)
and open adits (N=4). In four cases, fire-set mines were
found, which are indicators for prehistoric mining activ-
ities. Structural features not related to mining activities,
such as mounds, ditches and buildings, were document-
ed in one case each, while natural rock crevices were
discovered five times. It became clear that the in-depth
analysis of terrain models and other available geodata
were essential in making the archaeological fieldwork
as effective as possible. The documentation of the dis-
covered finds and structures using the mobile QField
application proved to be a useful tool. This methodology
ultimately led to the discovery of several previously un-
known mining areas.

Geomagnetic measurements

As part of the project, geophysical surveys were carried
out on the well-known prehistoric settlement on Grat-
tenbergl. An attempt was made to investigate the east-
ern side of Grattenbergl, as surface finds (stone tools,
slag, tuyére fragments, etc.) have been collected there in
the past that could indicate local metallurgy. Due to the
nature of the terrain, four survey areas were defined. In
addition to the geomagnetic measurement, stray finds
from occasional surveys (Lamprecht and Haas, 2022)
were also included in this study. For the geomagnetic
survey, a hand-held 5-channel fluxgate gradiometer
from Sensys (sensor distance: 0.50 m) was used for
the magnetic surface investigation of small and medi-
um-sized areas for ferromagnetic objects, interference
fields and signatures.

The measuring device used for the geomagnet-
ics, a MAGNETO® MXPDA from SENSYS, is a hand-
held 5-channel fluxgate gradiometer (sensor distance:
0.50 m) for the magnetic surface examination of small
and medium-sized areas to detect ferromagnetic ob-
jects, interference fields and signals. The sensors used
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are vertical differential magnetometers with a measur-
ing range of £8,000 nT. As the resulting measuring data
was influenced by numerous ferromagnetic interferenc-
es, a threshold of +30 nT was used for the interpretation.
The georeferencing of the hand-staked measuring areas
was done by measuring the corners of each area using a
differential GNSS system!?. Due to the limited topog-
raphy of Grattenbergl, it was not possible to establish a
large measuring area (area 1: approximately 17 x 17 m),
making interpretation of the measurement results dif-

ficult. The measured data was processed with the SEN-
SYS DLMGPS® (version 4.01) and MAGNETO-ARCH®
(version 1.00) software, generated as a digital greyscale
image and archaeologically interpreted in a Geographic
Information System (QGIS). All work was carried out
and evaluated in accordance with the current standards
of the Austrian Federal Monuments Office!!. The results
were then analysed and discussed with fellow scientists
from the department of Archaeologies from the Leop-
old-Franzens University of Innsbruck.

Figure 5. Plan of the mining structures at Gétschen in Brixen im Thale. Plan: R. Lamprecht.

Mining area "Gotschen" (Brixen im Thale)

Data: Region of the Tyrol/Federal Office of
Metrology and Surveying
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Discovered mining features in the Brixental

Brixen im Thale - Gotschen

The best-known prehistoric mines in the entire Brixental
are located in the Gotschen area, north of Zopfl farm on
the south side of the village of Brixen im Thale. So far,
no mapping of the mining features has been published,
therefore a new inspection of the site was necessary. Also,
the preservation of the site was unclear, as a ski slope
from Kandleralm (“Variante 16a Gotschen-Abfahrt”)
was constructed between 1963 and 1965 (Feichtner and
Posch, 1988, p.366). The ski slope cuts through parts of
the former ore extraction area and the corresponding

WP11 proﬁl I

mining heaps on a large scale. These areas can still be
seen today as unvegetated areas, with the largest min-
ing heap (WP2) being exposed over a length of almost
100 meters. The Gotschen site is divided into a southern
part, where an area with depressions formed by open-
cast mining is located, and a northern part, where large
mining heaps can be found. A total of 14 depressions
(WP3-6, 8-10, 12-19) and four mining heaps (WP1, 2,
7, 11) were discovered (Figure 4). The lowest of these
heaps (WP1) is in the far north of the site and based on
its characteristics, is most likely to be interpreted as an
ore beneficiation site (Figure 5). To clarify the features
of WP2, small test pits and profiles were created at three
locations. An additional test pit (profile 3) was opened

WP2 profile 2 g
IEEL—— |

. i WP2 proﬁleﬁj
ey AT

Figure 6. Profile sections of mining heap WP2 and 11 at Gétschen in Brixen im Thale. Profile 4 shows characteristic ore beneficiation
layers consisting of small ore and charcoal particles. Photos: R. Lamprecht.
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at mining heap WP11. All profiles showed charcoal lay-
ers of different thicknesses (Figure 6). Ore processing
layers were mainly found in profile 4, where also larger
charcoal fragments (BX21) and a ceramic fragment were
discovered.

A large number of stone tools, fahlore and pottery
fragments were found on the surface in the entire up-
per area of mining heap WP2. To the east of the large
mining heap WP2 there is another heap, WP11. In this
area, charcoal layers were also discovered (profile 3,
Figure 6). The corresponding mines (“mining pits”) are
located to the south of the mining heaps and appear as
mostly circular depressions of 2 to 9 m in diameter and
a depth of up to 4 m (WP3). The former ore extraction
area is heavily overgrown and covered by a forest, only
the water-filled depression WP16 is clearly visible.

Itter - Kraftalm

In the immediate vicinity of Kraftalm in Itter (Figure 7),
several fire-set mines (WP102, 105-107) and corre-
sponding mining heaps (WP103 and 104) are located
at the foot of a steep cliff. In addition to smaller fire set-
tings (e.g. WP105) there were also larger underground
mines (WP102). The fire-set mine WP102 is divided
into a smaller mine in the east and a larger structure in
the west. The eastern mine is 3.6 m long, on average 1.5
m wide and 2.3 m high and currently contains a statue
of Virgin Mary (Figure 8, left). The western mine (Fig-
ure 8, right), on the other hand, is 10 m deep, 1.2 m wide
and 1.7 m high. In the centre of the mine, a shaft branch-
es off downwards, which is filled with large amounts of
rubbish (broken dishes, glass, metal, etc.) and can still
be recognized as such 7 m down. This means that the
original depth of the mine remains unclear. However, it
is striking that the entire mine was made by fire-setting.
In some areas traces of historic mining phases could be
seen in form of scaffolding foundations and sporadic
marks from mallet and gad. Mining heap WP103, locat-
ed below WP102, is rich in fahlore and bones coloured
green (BX41) by copper minerals. Most likely this struc-
ture belongs to the mines located above.

A little further to the southeast, several mining struc-
tures can be found below a road bend. In addition to the
extensive opencast mine WP37, there are several smaller
partially fire-set mines in the immediate vicinity (WP38,
40, 41 and 108) as well as an associated mining heap
(WP39). The opencast mine WP37 has an extension of
20 (W-E) by 25 (N-S) m and is up to 15 m deep (Fig-
ure 9). As the mine consists of many fire-set domes, it is
very likely that it was created in prehistoric times. More
recent (probably Late Medieval/Early Modern Age)
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phases of mining are indicated by the presence of drill-
holes for blasting (Figure 10, no. 3), wedge pockets (Fig-
ure 10, no. 4), scaffolding foundations (Figure 10, no. 6)
and marks from mallet and gad. However, these traces
do not indicate large-scale mining activities in historic
times, so explaining the good preservation of the site. As
no datable material could be collected from the surface,
the authors decided to carry out a small test excavation
(SuS 1) in the entrance area of the mine. In an area mea-
suring 30 x 30 cm, waste material was found over the en-
tire depth of the pit. At a depth of about 60 cm, the floor
of the fire-set dome was reached. At a depth of about 50
cm, unglazed pottery, animal bones (BX27) and charcoal
(BX26) were discovered.

To the west, WP37 is bordered by various fire-set
mines (WP38 and 108), in both mines traces of a young-
er mining phase (drillholes) were discovered. A little fur-
ther downhill, a collapsed mine (WP40) and a fire-set
adit (WP41) can be found. WP41 consists of several fire-
set domes in the entrance area and continues in the form
of a 35 m deep adit, which was made using the fire-set-
ting technique on its entire length. It is possible that the
fire-set domes in the entrance area represent the oldest
phase of the mine, which was subsequently extended to
its final length. Among the above-mentioned features,
mining heap WP39 is located, which is rich in fahlore.
Due to the steepness of the terrain, a mixing and/or over-
lapping of prehistoric and younger mining heaps can be
assumed.

Brixen im Thale - Niedingerwiese

The area is composed of a prominent hilltop, surround-
ed by numerous depressions (WP27, 29, 30) and min-
ing heaps (WP28, 31), and a southern area containing
depressions (WP22, 24) and mining heaps (WP23, 25).
An extensive mining site (WP32) can be found on the
plateau to the north of the hill, which is characterized
by several very large depressions (Figure 11). The largest
mining heaps (WP23 and 25) are located about 150 m
south of the hilltop and probably belong to the depres-
sions (= ore extraction sites) WP22 and 24 (Figure 12).
The depressions are therefore probably the remains of
collapsed mine entrances. Both mining heaps are now
exposed in several places by the roadway, which means
that a lot of fahlore can be found on the surface. A little
further uphill, another mining heap (WP28) is opened
up by the roadway, on which a lot of charcoal and pot-
tery was found in addition to fahlore. According to
Hanspeter Schrattenthaler, who has repeatedly visited
the site in the past, a large part of the charcoal originates
from a small hill that used to be located west of the re-
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Figure 7. Plan of the mining structures at Kraftalm in Itter. Map: R. Lamprecht.

Figure 8. Fire-set mine WP102 at Kraftalm in Itter. Photos: R. Lamprecht.
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Figure 9. Top view (left) and profiles (right) of the WP37 open-cast mine at Kraftalm in Itter. Map: R. Lamprecht.

cent roadway and was spread over a large area during
land consolidation. Analysis of aerial photographs show
that there were major disturbances in the area between
2004 and 2012, whereby the forest cover was reduced and
the road was enlarged. An Eastern Alpine upper grind-
stone found by Alexander Albrecht, which is best known
from the prehistoric mining areas of Mitterberg and
Kitzbiihel-Jochberg, was discovered in this area. On the
hilltop itself there are some smaller depressions (WP27,
29 and 30) and a small mining heap (WP31). By far the
largest depression (WP32) can be found on the flat area
north of the hilltop extending 50 m W-E and 40 m N-§
and a maximum depth of up to 6 m. Unfortunately, due
to the recent use of the area as animal pasture, no large-
scale soil exposures are currently visible, which is why
the chronological context must remain unclear for the
time being. However, a prehistoric origin of these fea-
tures seems plausible.

Kirchberg in Tirol - Brunnalm

By far the largest number of mining traces could be
discovered on Brunnalm in Kirchberg in Tirol, even if
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none of the structures found can be assigned to a pre-
historic period. However, the area was intensively re-
searched during the 2023 survey as there is evidence
of prehistoric mining (Albrecht, Schrattenthaler and
Rieser, 2012). Since the discovery of the possibly pre-
historic finds and features in 2011, massive changes to
the terrain have taken place due to the construction of
a ski slope and a lift. Despite repeated consultation with
the 2011 survey team, it was no longer possible to lo-
cate the site of 2011. However, in the immediate vicinity
a total of 22 depressions (WP47, 48, 51-58, 60-63, 65,
69-71, 73, 83-85), 20 mining heaps, some of them very
large (WP49, 50, 59, 64, 66-68, 72, 74-82, 86-88) and a
building (WP46) were discovered during the 2023 sur-
vey (Figure 13).

The objective was not only to localize possible pre-
historic mining, but also to cover as much of the large
area of Brunnalm as possible. While overgrown mining
heaps are very common in the entire Brunnalm area,
depressions formed by collapsed adits were found more
frequently in the flat terrain in the south. For this reason,
the focus was on the area south of the Hochleger (“upper
pasture”) of Innere Brunnalm (Figure 14). As the mining



. Details of open-cast mine WP37 at Kraftalm in Itter. 1: Fire-set dome in the area of the excavation test pit, 2: Fire-set
dome, 3: Drillhole for blasting, 4: Wedge pockets, 5: Large fire setting in the rearmost area, 6: Fire setting and scaffolding foundation.
Photos: R. Lamprecht.
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Figure 11. Plan of the mining structures at Niedingerwiese in Brixen im Thale. Map: R. Lamprecht.
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Figure 12. Drone image of the mining features at Niedingerwiese in Brixen im Thale. Photo: R. Lamprecht.

heaps were all heavily overgrown, however, little datable
find material was discovered (with the exception of the
Late Medieval/Early Modern Age Passau-type pottery).
In two places, stratigraphic layers could be documented.
While one of these profiles (profile 6) showed the natu-
ral soil structure, profile 5 revealed a charcoal-bearing
layer of up to 15 cm thickness over a length of several
meters (Figure 15). From this layer, sample BX34 was
used for radiocarbon dating. Although there were no
datable finds within the dark layer, ore remains (iron-
rich spots) were visible. Although the layer resembles

prehistoric ore processing layers, as could also be ob-
served at Gotschen near Brixen im Thale, the dating of
these samples provided insights of a Late Medieval/Ear-
ly Modern Age mining period (see chapter “Results”).

Westendorf - Jordanwiese

In addition to the extensive mining operations on the
northern slope of Hohe Salve, a previously unknown
mining area was discovered on the southern side in the
area of Jordanwiese. The mining area is located north of
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Figure 13. Detailed plan of the mining structures at Brunnalm in Kirchberg in Tirol. Map: R. Lamprecht.

a newly constructed reservoir pond on a small hilltop
(Figure 16). The site is divided into the hilltop itself, on
which several depressions (WP89 - 91, 98) and a small
mining heap (WP92) are located. In addition, two larger
mining heaps (WP94 and 95) and depression WP93 can
be found down the slope, which are probably the remains
of collapsed mines. While the heavily overgrown mining
heaps WP94 and 95 could only be recognized as such by
the structure of the terrain, remains of fahlore were found
not far from depression WP89.

Metalla Nr. 28.2 /2024, 99-134 113

To the east three additional depressions were found,
of which WP89 and 91 (Figure 17) were the most ob-
vious. An indication of the chronological classification
of the area can be provided by the discovery of an iron
mining gad (Bergeisen). Therefore, it is highly proba-
ble that the mining structures found at Jordanwiese
date back to the Late Middle Ages/Early Modern Age.
Mines in Moosnergraben (northwest of the hamlet of
Moosen in Westendorf) were already mentioned by
Max Isser von Gaudententhurn (1888, p.242), which in



Figure 14. Upper picture: survey area (white area) on Brunnalm in Kirchberg in Tirol. Numerous mining heaps can be seen across
the entire alpine pasture area. Lower picture: mining structures south of the Innere Brunnalm. Photo: R. Lamprecht. Photos: R.
Lamprecht.

the broadest sense could also refer to the mines near
Jordanwiese.

Other locations

In addition to the sites already described, there were
also other sites that were mentioned in the literature as
containing traces of (prehistoric) mining activities or

showed anomalies in the digital terrain model, but where
no mining sites could be found during the surveys. These
include Falkenstein in the Spertental and Ochsalm north
of Brunnalm (both Kirchberg in Tirol), Fleidingalm in
the Windautal (Westendorf) and Hohe Stoagrubenalm
south of Hohe Salve (Hopfgarten im Brixental). Falk-
enstein is located in the Spertental (Aschau/Kirchberg
in Tirol), at around 1300 m above sea level and can be
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Figure 15. Both charcoal and ore (rusty spots) were found in Figure 17. Mining feature WP91 at Jordanwiese in Westendorf.
profile 5 at Brunnalm. Photo: R. Lamprecht. In picture: Julia Haas. Photo: R. Lamprecht.

Figure 16. Drone image of the mining area near Jordanwiese in Westendorf. The reservoir pond built in 2013 can be seen in the lower

area. Photo: R. Lamprecht.
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seen from a distance as a prominent limestone forma-
tion. There are several tales surrounding the Falkenstein
about a castle built by miners and a buried heathen
treasure (Weinold, 1931, p.376; Schipflinger and Traxler,
1995, p.15). For this reason, and in view of the poor find
tradition on the hill itself, it was decided to include this
area in the survey. Except for a few small-scale quarry
sites, no relevant mining structures were discovered. In-
stead, the remains of a medieval castle complex were dis-
covered, which was probably a ministerial castle of the
Counts of Falkenstein (Gwirl, 1999).

In the case of the Ochsalm, only a few natural rock
crevices could be found. A similar situation can be ob-
served at Fleidingalm in the Windautal, where apart
from an ore sample (probably pyrite) no traces of mining
could be discovered.

Geomagnetic survey at Grattenbergl

As previous research mostly focused on the highest part
of the hilltop, the survey of 2023 focused mainly on the
eastern side (parcel 1355/2), which has been little ex-
plored so far. Due to the nature of the terrain, four meas-
uring fields could be defined in this area (Figure 18).
Measuring field 1, covering 284 m?, is located directly
above the edge of a former quarry in the south of the
hill, while field 2 (700 m?), 3 (465 m?) and 4 (320 m?) are
located in the northern part of Grattenbergl, resulting in
a total measuring area of almost 1.800 m?.

Since in many places on Grattenbergl the surface
is formed by bedrock and the humus layer is relative-
ly thin, a heterogenous geomagnetic measurement re-
sult was to be expected. Disturbances due to external
influences were to be expected particularly in the area
of a wooden fence that separates two plots of land in
a north-south direction. In addition, contamination by
metal objects was to be expected over the entire area,
as Grattenbergl was directly affected by military opera-
tions during the Tyrolean Rebellion of 1809 and the Sec-
ond World War. Further disturbances can be expected
due to modern activities, as Grattenbergl is a popular
destination for hikers and is now used as a pasture for
horses and cows.

While in measuring area 2, 3 and 4 only a few in-
teresting structures such as glacial gravel deposits and
possibly some potential building structures (most
likely postholes) could be discovered, the results in
measuring area 1 were more promising. Although only
very few dipoles (most likely metal objects) and nega-
tive anomalies (probably larger stones) were found in
measuring area 1 (Figure 18), there were several pos-

itive anomalies in the eastern part of the measuring
area. However, this is significant because a number of
finds (mostly Iron Age pottery, heat-altered pottery,
tuyére fragments, stone tools) were discovered in this
area in the past. It is therefore very likely that the large
positive anomalies are archaeological remains, because
positive anomalies can be attributed generally to fires
or heat-altered material in general. In this case, a pre-
historic feature in connection with metallurgical activ-
ities like a smelting furnace or a roasting bed would be
the most likely scenario. Similar measuring results were
obtained in the past, for example at Mauk A (Golden-
berg, et al., 2012, p.73) and Rotholz in the Lower Inn
Valley (Staudt, et. al., 2019b, p.283, Fig.5) or at Val
Faller Plaz in Oberhalbstein (Graubiinden, CH) (Della
Casa, Naef and Turck, 2016, p.7, Fig.9). At all three lo-
cations, prehistoric smelting sites were also discovered
during subsequent excavations.

Finds

Ceramics

During the research, 800 ceramic fragments were either
found by the research team or lend for documentation
by Hanspeter Schrattenthaler. Due to the composition of
the ceramic finds, a continuous use of the Grattenbergl
is evident. The ceramic assemblage indicates a continu-
ous habitation of the area and an ongoing use of local
copper ores from the Early Bronze Age until the Laténe
period. 720 sherds weighing 3.5 kg were discovered on
the surface of Grattenbergl, whereby 102 were diagnos-
tic (14.2 %). While 56 pieces were to be classified as rim
pieces, 51 pieces are to be interpreted as fine ware (thin-
ner wall thickness, surface treatment, fine tempering).
Most fragments probably originate from bowls with dis-
tinguishable zones and forms associated with HaC: three
pieces were typical Hallstatt bowls with a tight rim and a
short shoulder ending in a round belly (GB110, GB52 and
GB79) as also found for example in Bischofshofen-Pest-
friedhof (Lippert and Stadler, 2009) or Worgl-Egerndor-
fer Feld (Kneufll, 1969; Tomedi, 1998, p.45, Fig.7). An-
other type of bowl-shaped ceramic has a rounded shape,
with a round rim (Figure 19, GB 23, GB25, GB38), which
also can be dated to the HaC period, as several examples
from southern Bavaria demonstrate (Kossack, 1959).
Besides undatable decorations like so called Fingertup-
fen (finger impressions; N=6), typically HaC red, white
and black painted ware (N=10) were found. Especially
GB53, with its red coloured base and a white line in the

core between the rim and its shoulder is typical of HaC.
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Figure 18. Geomagnetic measuring areas and surface find areas at Grattenbergl in Kirchbichl (upper image). Magnetogram of area 1
(lower image) on Grattenbergl in Kirchbichl. Treshold -30/+30 nT. Map: R. Lamprecht.
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Figure 19. Prehistoric ceramics from Grattenbergl in Kirchbichl. Drawings and photos: J. Haas.
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Figure 20. Ceramics from Kirchberg in Tirol-Brunnalm (BX37), Brixen im Thale-Gétschen (BX66, BX8, BX83-BX85) and It-
ter-Kraftalm (BX25, BX53, BX55-BX57, BX59-BX62, BX67, BX68. Drawings and photos: J. Haas.
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Figure 21. In some ceramic fragments from Gotschen-Brixen im Thale, secondary minerals of fahlore were found embedded in
the ceramic matrix (temper material). Left: malachite (green), right: azurite (blue). Photomicrographs taken by U. Tochterle and R.
Lamprecht using Keyence VHX-6000.

Interestingly, a piece with engravings on the base (poten-
tially an owner’s or potter’s mark) was found, however,
this fragment is too small to identify its form (GB16).
Moreover, two stamp-decorated (Figure 19, GB34 and
GB103) and ten impressed fragments (Figure 19, GB41,
GB51, GB120, GB88, GB30, GB57, GB140, GB55, GB58,
GB17) were discovered and consist of either linear hori-
zontal lines, shorter vertical lines, geometrical illustra-
tions or round-shaped impressions. GB88 even shows
residues of incrustations in the impressed hatched trian-
gle. Rim decorations like finger impressions (Fingertup-
fen), which were very common in prehistoric times, can
also be found on Grattenbergl. Three ceramic fragments
might even date to younger periods than Hallstatt times.
The two rounded wall fragments of GB41 and GB51
might indicate an Early Laténe period, and the graph-
ite(-tempered) ceramic with comb stroke decoration fits
even in a Late Laténe period (Trebsche, 2010). Gener-
ally, the conclusion for a dominant Iron Age settlement
on Grattenbergl, especially on the eastern part, can be
drawn. However, as the top of the hill has not been under
investigation during the research, older traces of human
habitation of Grattenbergl cannot be excluded. Identify-
ing older proofs of habitation with the help of ceramics,
however, is generally very difficult. For example, finger
impressed decoration is long lived and has been iden-
tified in the Early Bronze Age or even earlier and was
used until the Hallstatt period. Clear markers for earlier
periods could only be identified with a greater assem-
blage of ceramics, radiocarbon dates or archaeological
features. However, with the comb stroke decorated frag-
ment, habitation from at least the Hallstatt period can be
assumed.

Near Kraftalm in Itter, 40 prehistoric ceramic frag-
ments were documented, of which 20 % (N=16) were di-
agnostic. Most diagnostic fragments were from the rim
of the vessel (N=12), whereby two were tempered with
slag. The procedure of tempering ceramics with slag is a
typical form of tempering in north Tyrol, Salzburg and
East Tyrol, and can be associated with a mining society
(Tochterle, 2015, pp.334-337; Tropper, et al., 2019) from
the Early Bronze Age until Late Hallstatt times. Other
ceramic finds like Fingerprint-decoration (Figure 20,
BX68) or a rim with fingernail decoration (Figure 20,
BX62), as well as fine ware (Figure 20, BX55, BX56) were
identified. As slag tempering and fingerinprint-decora-
tion have such a long-term usage, only the fine ware ce-
ramic with a red coloured line (Figure 20, BX53), limits
this specific assemblage to the Hallstatt period. It must
be noted, however, that all ceramics from Kraftalm were
found in a large area by Hanspeter Schrattenthaler, and
therefore no exact context can be given.

Probably the oldest ceramic finds from Brixental
originate from Gotschen in Brixen im Thale. From the
24 fragments found, five were diagnostic and three were
tempered with slag. Further, visible to the eye and doc-
umented through a microscope, the ceramics were not
only tempered with slag, but also partially with small
pieces of fahlore (Figure 21), which has so far not been
observed in other ceramic complexes. Copper-contain-
ing fine sediment was also found in the pottery from
Gotschen worked on by Melitta Huijsmans, together
with slag, limestone and quartz sand (Huijsmans, 1994,
p-156). The presence of secondary minerals (azurite and
malachite) in the ceramic matrix suggests a local ceramic
production in the circumference of the copper mines. As
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considered before, dating ceramics in the Alpine region
during the Bronze Age has its difficulties due to very lim-
ited variability in decoration. However, if various factors
like a rough and course surface (Figure 20, BX84), fin-
gerprint decoration on the wall (Figure 20, BX66) finger-
print decoration on the ridge (Figure 20, BX85) or even
a beak/”Knubbe” (Figure 20, BX83) can be found, Early/
Middle Bronze Age contexts can be assumed.

The youngest ceramic fragment found during the
2023 survey was found at Brunnalm in Kirchberg in
Tirol, where one sherd from the Late Middle Ages/
Early Modern Age called “Passauer Ware” was found
(Figure 20, BX37).

Stone tools

Provenance, distribution of stone tools and find
context

In addition to the 22 stone tools from the 2023 survey,
55 pieces from the collections of the mining researchers
Hanspeter Schrattenthaler and Alexander Albrecht ac-
counted for most of the finds discussed in this work.!?
The largest stone tool ensemble originates from Gétschen
near Brixen im Thale and consists of 30 specimens. The
second largest complex was found at Kraftalm near It-
ter (N=26), while Niedingerwiese and Brunnalm (both
Kirchberg in Tirol) yielded only 3 and 4 pieces (Table 1).
Furthermore, 14 stone tools were discovered at Grat-
tenbergl in Kirchbichl. While in the case of Kraftalm it
can be assumed that the ores were mainly mined under-
ground, there is evidence of surface extraction and a cor-
responding ore processing at Gotschen, Niedingerwiese

and Brunnalm. In contrast, Grattenbergl can be consid-
ered a settlement and/or work site.

Classification and typology

For the classification of the stone tools, the typology of
Lamprecht 2022 was applied (Lamprecht, et al., 2022,
p.146, Fig.5), which includes 5 tool classes. Therefore, for
the Brixental 32 % (N=20) can be classified as hammer-
stones (Cat. B, Figure 22), while 17 % (N=11) can be clas-
sified as Eastern Alpine upper grindstones (Cat. D, Fig-
ure 23). 13 % (N=8) can be identified as mallets (Cat. A,
Figure 24), a further 3 % (N=2) are netherstones (Cat. C,
Figure 25). Another 9 % (N=6) of the tools can be clas-
sified as multi-purpose tools (Figure 26), with only one
piece (2 %) belonging to the abrader/polisher category
(Cat. E, Figure 25). The remaining 24 % (N=15) could not
be assigned to any category but were identified as stone
tool fragments based on the raw material, which in most
cases does not occur naturally in the mining areas.

In the case of Grattenbergl, 9 hammerstones (Cat. B,
64 %; Figure 22), four netherstones (Cat. C, 29 %; Figure
25) and one mallet (Cat. A, 7 %; Figure 24) could be
found. Neither Eastern Alpine upper grinding stones
(Cat. D), abraders and polishers (Cat. E) nor multi-pur-
pose tools were discovered there. As many different
types of cobbles occur naturally on Grattenbergl and the
finds presented do not originate from archaeological ex-
cavations but rather from surface collections, no unclas-
sifiable stone tools were found. The comparison with ad-
jacent mining districts is useful for statistical evaluation
of the stone tool categories. Since a direct comparison
of the mining districts is only possible in the case of a
standardized typology, the recently published stone tool

Table 1: Different tool classes and their corresponding distribution according to finding sites and areas. Sites marked in yellow
represent underground mining areas, red sites represent mining/ore processing areas and blue sites represent smelting sites.
*= underground mining area; **= mining/ore processing area; ***= settlement/metallurgic area.

Mining Location Cat. A: Cat. B: Cat. C: Cat. D: Cat. E: Multi- Unclas-  Total
District Tools with Hand-held Netherstones Tools with haft- Abradersand purpose sifiable
hafting  tools (ham- (anvil stones, ing modifications  polishers tools
modifications merstones) lower grind-  (Eastern Alpine
(mallets) stones) upper grind-
stones)
Brixen im Thale —
e 2 12 2 10 3 1 30
Itter-Kraftalm* 4 6 2 14 26
Brixental - Brixen im Thale - > . 3
Niedingerwiese**
Kirchberg in Tirol
- Brunnalm** 2 1 ! 4
Kichbichl -
Grattenbergl*** . ¢ 4 14
Total 9 29 6 11 1 6 15 77
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Figure 22. Hand-held “hammerstones” (Cat. B) from Brunnalm (BX100), Kraftalm (BX70 & BX71) and Grattenbergl (GB133).

Drawings and photos: R. Lamprecht.

complexes of Schwaz-Brixlegg (Lamprecht, et al., 2022)
and Kitzbiihel-Jochberg (Staudt, et al., 2024) are particu-
larly relevant in this regard. Therefore, more mallets were
discovered in the Brixental than in Kitzbiihel-Jochberg,
but not nearly as many as in Schwaz-Brixlegg. A remark-
ably large amount comprises hammerstones and thus
surpasses the adjacent districts in terms of quantity. On
the other hand, very few netherstones were discovered,
which in the case of Jochberg, for example, represents
one of the largest groups. There is a comparatively large
proportion of Eastern Alpine upper grindstones, mainly
due to the Brixen im Thale-Gétschen site. Abraders and

polishers are relatively rare in the Brixental - as well as in
other mining areas - whilst multi-purpose tools are also
frequently found. It should be noted, however, that the
type of archaeological examination (surface collection,
survey, excavation, etc.) is particularly important for the
composition of a stone tool complex, as different assem-
blages can be expected depending on the methodology
used. While in the case of archaeological excavations a
representative quantity of tools is to be expected, com-
plexes found at archaeological surveys can only be as-
sumed to have limited statistical relevance, as they are
primarily superficial collections.
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Figure 23. Eastern Alpine upper grindstones (Cat. D) from Niedingerwiese (BX135) and Gétschen (BX109). Drawings and photos:
R. Lamprecht.
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Figure 24. Tools with hafting modifications (“mallets’, Cat. A) from Niedingerwiese (BX98), Gotschen (BX114), Kraftalm (BX81
& 79) and Grattenbergl (GB139). GB139 was found by Christof Maurer (Kramsach) in 2022. Drawings and photos: R. Lamprecht.
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Figure 25. Netherstones (Cat. C) for pounding (BX6) and grinding ore (BX106) from G6tschen and lower grindstone from Gratten-
bergl (GB128). BX101: Abrader/polisher (Cat. E) from Brunnalm. Drawings and photos: R. Lamprecht.

Field of application and use

Mallets (Cat. A) have been hafted in many ways,
generally a piece of wood is attached as a handle us-
ing plant or animal material (Lamprecht, et al., 2022,
pp-147-149). This type of tool is used in a large variety
of applications, but in connection with mining proba-
bly mainly for ore processing above ground (Thomas,
2018, p.357), but also for loosening rock after fire-set-
ting (Goldenberg, 2013, p.101). Hand-held percussion
implements (Cat. B) made of unmodified cobblestones
are equally versatile. During the ore-beneficiation pro-
cess, netherstones (Cat. C) were used for either grind-
ing (lower grindstones) or pounding (anvil stones).
Grinding surfaces sometimes show linear striations,
while anvil stones are characterized by depressions
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formed by pounding. Eastern alpine upper grindstones
(Cat. D), on the other hand, are a specialized tools that
can so far only be found in Eastern Alpine mining dis-
tricts like Mitterberg, Glemmtal, Kitzbiihel-Jochberg,
Brixental, Schwaz-Brixlegg and Vetriolo (Lamprecht,
2020, pp.37-39; Lamprecht, et al., 2022, pp.151-153).
Tools of this type are characterized by horizontal and
transverse grooves used most likely for hafting purpos-
es. These tools were used for fine preparation of the ores
before the washing process (Eibner, 1982, pp.402-404).
Abraders and polishers (Cat. E) were used for work-
ing on organic and mineral materials (Gehlen, 2012,
p.844), but also for tool maintenance. They are charac-
terized by worn and polished tool surfaces. One such
find from Brunnalm (Figure 25, BX101) shows a very
smooth working surface on one side, which is bordered
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Figure 26. Multi-purpose tools with impact scar fields and depressions caused by ore pounding from Kraftalm (BX78) and Gétschen

(BX126). Drawings and photos: R. Lamprecht.

by pronounced edges. These use-wear traces are typ-
ical for metalworking and can be found, for example,
in Late Neolithic/Early Bronze Age finds from Schles-
wig-Holstein (Freudenberg, 2009). Overall, it can be
concluded that, except for the abraders and polishers,
different types of tools can be assigned to the various
stages of ore processing.

Mineralogy and material properties

The stone tools from the Brixental show a wide range
regarding their raw materials (Figure 27). The tools con-
sist of approximately 30 % amphibolite and 30 % eclo-
gite, while various types of gneiss (“Augen-”, “Ortho-”
and “Paragneiss”) account for 16 %. Sandstone (3 %)
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Figure 27. Distribution of material within all tool categories (“individuals” and “non-individuals”) for Brixental and Grattenbergl.

Graphics: R. Lamprecht.

and other materials (14 %) such as phyllite, gabbro and
garnet-amphibolite occur less frequently. In contrast,
the distribution of rock types from Grattenbergl shows
a completely different picture. Most of the tools at this
site (36 %) are made of sandstone, amphibolite accounts
for 21 % and garnet amphibolite for 14 %. The remain-
ing 29 % of the devices consist of various materials such
as eclogite, quartzite, serpentinite or paragneiss. Active
tools consist mostly of high metamorphic rocks like
eclogite, garnet-amphibolite and amphibolite rocks with
relatively high densities. Sandstone, phyllite and gneiss,
on the other hand, were favoured for passive tools like
netherstones. While eclogite and amphibolite originate
from the Tyrolean Oberland (esp. Otztal and Paznaun-
tal) and the Lower Engadine in Switzerland (Lamprecht,
et al., 2022, pp.156-158), gneiss and granite are found in
large parts of the Alpine divide (Zillertal, Hohe Tauern).
Sandstones and phyllites can also be found in large parts
of the Tyrol.

Therefore, suitable cobbles for stone tool production
can be found in the gravel banks of the Inn and some of
its southern side streams as well as in post-glacial de-
posits along the Inn valley. As already mentioned, much
of the gneiss used probably originated from the Hohe
Tauern mountains and was transported northwards by
glaciers (Klebelsberg, 1935, p.551; Heinisch, Pestal and
Reitner, 2015, p.322). In the case of the Brixental, ice
transfluence of the former Salzach glacier via the saddles
in Kelchsau (Hopfgarten im Brixental), Windau (Wes-
tendorf) and Spertental (Kirchberg in Tirol) could be
determined (Reitner, et al., 2010, p.387). For this reason,
raw material for stone tool production can also be found
in the Brixental, although there are no natural outcrops.
In the case of Grattenbergl, it was observed that many
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suitable cobblestones and blanks for netherstones could
be found directly on site within glacial deposits.

Slags and heat-altered stones

Slags only occurs sporadically in the find material. Two
pieces of platy slag (Figure 28, BX49, BX50) originate
from Kraftalm in Itter and were discovered by Hans-
peter Schrattenthaler during the time of the construc-
tion works of the rebuilt alpine pasture. In addition, a
slagged stone was found in the immediate vicinity of the
hut, which indicates smelting activities on site. Another
piece of platy slag was discovered during the geomag-
netic measuring on Grattenbergl on the northern slope
(Figure 18, find area GB1). Although slags have also been
found at Grattenbergl and in the necropolis at Egern-
dorfer Feld in the past (Zemmer-Plank, 1990, p.96, note
117), analysis of the composition and potential origin of
the ores used has yet to be carried out. Similar slags and
oven stones were discovered, for example, at the prehis-
toric smelting sites Mauk A (Goldenberg, et al., 2012;
Goldenberg, 2013) and Rotholz (Staudt, et al., 2019b) in
the Lower Inn Valley and in Kitzbiihel-Jochberg (Gold-
enberg, 2004; Koch Waldner, 2019; Koch Waldner and
Klaunzer, 2015), in all cases relating to Bronze and Iron
Age copper smelting.

Metal finds

Various metal objects were discovered during Hanspeter
Schrattenthaler’s investigations. These include three
fragments of bronze tools (Figure 28, BX128-130) found
at Gotschen, which can best be described as the remains



Figure 28. Bronze tools from Gétschen-Brixen im Thale (BX128-131), belt hook (GB35) and platy slag (GB113) from Grattenbergl
and platy slag from Kraftalm-Itter (BX49 & 50). Drawings and photos: R. Lamprecht.

of chisels or socketed chisels and were probably used in
working metal and/or wood. (Mayer, 1977, pp.217-222,
Tabl.86-89).

In addition, one example (Figure 28, BX131) of a
bronze pick tip could be found at the Gétschen site. Sock-
eted picks and fragments thereof have been found main-
ly in the regions of the large copper producers in Salz-
burg, Tyrol, Styria, Upper Austria and Bavaria (Mayer,
1977, pp.226-227; Stollner and Schwab, 2009; Stollner, et
al., 2016; Goldenberg, Staudt and Grutsch, 2019; Staudt,
et. al., 2019a). The shape of this tool features a trapezoi-
dal cross-section and one flat side (Thomas, 2018, p.24).
Chronologically, this type of tool can be dated to the
Middle to Late Bronze Age (Stollner and Schwab, 2009,
pp-151-159; Thomas, 2018, pp.231-233). In the last few
years, several hundred fragments of socketed picks have
been discovered during archaeological surveys in the
Kitzbiihel-Jochberg area (Staudt, et al., 2024, XXI-XXV).
In most cases, only the front part of the picks (pick tips)
were found, which suggests that the tip deformed during
use and then broke off due to metal fatigue.

A fragment of a bronze belt was discovered on the
surface in the immediate vicinity of the supposed smelt-
ing site on Grattenbergl, on which a triangular belt hook
was attached with a single iron rivet (Figure 28, GB35).
On the inside, embossed circular decorations were
found, some of which were arranged in lines. Due to the

non-specific style of the belt plate fragment, a further
classification is not possible, yet similar pieces can be at-
tributed to the Hallstatt period (Kilian-Dirlmeier, 1972,
Tabl. 15, 154; 47, 422; 50, 531).

Results

In many cases, dating of sites based on typological aspects
of the find material is only possible in a very unprecise
manner, for example stone tools or finger-impressed pot-
tery appear over large parts of the Bronze and Iron Age.
For this reason, the aim was to obtain as much dateable
material as possible. For this purpose, existing soil ex-
posures and profiles (drainage trenches) were examined
and minimal invasive test pits (30 x 30 cm) were made
wherever needed. In some of these small-scale excava-
tions wood, charcoal and bones could be found. Sample
BX9 from profile 1 at Gétschen dates from the 19 to
the beginning of the 17 century BC and can therefore
be assigned to the Early Bronze Age (Table 2)!3. Mean-
while, sample BX21 from profile 4 at the eastern edge
of the ski slope at Gotschen could be dated to the 15%
to 13" century BC and thus to the Middle and the be-
ginning of the Late Bronze Age. The Early Bronze Age
date is quite astonishing when one considers that so
far, there is only sparse evidence for the mining sites of
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Table 2. 1*C-dates from the 2023 Brixental survey.

Lab-No Sample Location

MAMS-65889 BX9
MAMS-65890 BX21
MAMS-65891 BX26
MAMS-65892 BX27
MAMS-65894 BX41
MAMS-65893 BX34
MAMS-65897  BX104

Itter — Kraftalm, SuS 1
Ttter — Kraftalm, SuS 1
Itter — Kraftalm

Kirchberg in Tirol - Brunnalm

local copper resources during this period. Indications
of Neolithic/Copper Age and/or Early Bronze Age met-
allurgy have so far only been known for example from
Mariahilfbergl near Brixlegg (Bartelheim, et al., 2002,
p.66; Huijsmans and Krauss, 2015, pp.95-96), Kiechlberg
in Thaur (Tochterle, 2015, pp.155-159) and Buchberg in
Wiesing (Martinek, 1996; Martinek and Sydow, 2004;
Keil, 2023). A pre-phase of copper production may have
already existed between the 5" and 3¢ millennia BC in
the Lower Inn Valley, the Salzach Valley and Trentino,
while the first heyday of Eastern Alpine copper technol-
ogy finally began in the late 16" century BC (Stollner,
2015, pp.102-103). This means that with the G6tschen
site, an Early Bronze Age copper ore extraction/benefi-
ciation site has been found for the first time in Northern
Tyrol'%. In the case of the Early Bronze Age date from
Gotschen, however, it is still necessary to clarify whether
it is an isolated date or if the documented features can be
assigned (at least partially) to these times. On the other
hand, the Middle Bronze Age date from profile 4 fits very
well with the heyday of prehistoric mining in the Kitz-
biithel-Jochberg area and mining/beneficiation sites such
as Kelchalm near Aurach (Koch Waldner, 2019, p.43;
Pichler, et al., 2009) and the newly discovered sites in the
Jochberg area (Staudt, et al., 2024, XXIX-XXX). Dating
the site based on the finds is difficult, as both the stone
tools and the pottery are chronologically indistinct. The
documented bronze pick tip, on the other hand, can be
assigned to a Middle to Late Bronze Age mining phase.
At Itter-Kraftalm, two samples were discovered in
test pit 1 (BX26 & BX27). Test-pit 1, which was opened
under a (presumably prehistoric) fire-set mining fea-
ture WP37 (Figure 10,1), yielded dates in the period
between the 14t and 17% centuries AD. Consequently,
it is very likely that an initially prehistoric mine was ex-
ploited again later. The same can be assumed in the case
of a greenish animal bone (BX41) discovered on mining
heap WP103 at Itter-Kraftalm located below a presum-
ably prehistoric fire-set mine (WP102), which surpris-
ingly also provided a date of the 16"/17th century AD.
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Brixen im Thale — Goétschen, profile 1
Brixen im Thale —Gétschen, profile 4

Kirchberg in Tirol - Brunnalm, profile 5

Waypoint C!*

(WP) Age i Cal 2 sigma Sample type
WP2 3467 17  1880-1697 calBC Wood
WP2 3083 17  1414-1288 calBC Charcoal
WP37 571 15  1322-1410 calAD Charcoal
WP37 296 14 1520-1649 calAD  Animal bone
WP103 315 14 1510-1641 calAD  Animal bone
353 15 1474-1632 calAD Charcoal
310 15 1514-1643 calAD  Animal bone

Evidence of later periods of exploitation was already in-
dicated by the presence of wedge pockets and drill holes,
which are typical signs of Medieval/Modern Age mining,
whilst prehistoric mining is evident by the numerous
fire-set mines, prehistoric stone tools and pottery sherds.

Although the stone tools indicate prehistoric min-
ing activities, dating of the numerous mining features at
Brunnalm is difficult, as both the finds from the 2023
survey and the one done by Albrecht, Schrattenthaler
and Rieser in 2011 are chronologically indistinct. These
analyses also revealed Late Medieval/Early Modern Age
dates ranging from the 15" to the 17" century AD. Thus,
as on Brunnalm, extensive mining activities in the Late
Middle Ages and Early Modern period are prominent.
These mines can be considered the most important in
the entire Brixental during these times (Neuhauser, et al.,
2022, pp.134-137). Late medieval mining in the Brixen-
tal began in the 15" century at the latest, with the last
activities probably continuing until the end of the 18t
century and has so far been more researched than pre-
historic mining'®. This also means, however, that initially
prehistoric mines are likely to be overshadowed by more
recent phases of mining. Hence, further investigations by
means of archaeological excavations, involving the col-
lection and analysis of stratified samples, are needed to
identify older phases of use.

Conclusion

The mining archaeological surveys in the Brixental and
at Grattenbergl have closed an important research gap.
On the basis of sites like Gotschen-Brixen im Thale
and Itter-Kraftalm and the mining tools found there
(socketed bronze picks and stone tools), the widely
discussed technology transfer of the Middle and Late
Bronze Age Eastern Alpine mining technology from
east to west can be demonstrated once more. In addi-
tion, the Early Bronze Age date from Gotschen provides
evidence of very early mining activities, which have so



far not been well documented in Northern Tyrol. Even
though the pottery found at Itter-Kraftalm suggests a
Hallstatt mining phase, it is important to further investi-
gate this site. In the case of Grattenbergl in Kirchbichl at
the western entrance to the Brixental valley, geomagnetic
measurements were used to localize a supposed smelting
site that was previously only evident on the basis of stray
finds (tuyeres, slags etc.). Overall, the mining landscape
of the Brixental fits in very well with the adjacent mining
districts of Kitzbiihel-Jochberg and Schwaz-Brixlegg and
therefore testifies to the high spatial and chronological
density of prehistoric mining remains in North Tyrol.
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Notes

1 Funded by the FWE P31814, project leader: Gerald Hiebel.

2 The investigations initially also included the area of Wild-
schénau to the west of the Brixental, which could not be in-
vestigated further due to limited time. In the Wildsch6nau,
prehistoric mining features could be found around the
Gratlspitze. See Staudst, et al., 2019a, pp.120-122.

3 A research overview of the entire Alpine copper mining
has been omitted, as the work deliberately concentrates on
regional research. However, supra-regional references are
made in the evaluation of the geomagnetic survey and in
the chapters on the finds.

4 An Alm, Alp, Alpe or Alb refers to the mountain pastures,
farm buildings and other infrastructure.

5 It was possible to locate these excavation sections using his-
torical orthophotos from 1976 (Laser- & Luftbildatlas Tirol/
Land Tirol-Abteilung Geoinformation). See Figure 18.

6 Data basis: Province of Tyrol, resolution 0.50 m.

7  https://www.geologie.ac.at/services/webapplikationen/
iris-interaktives-rohstoffinformationssystem (Accessed: 25
June 2024).

8 https://qfield.org (Accessed: 25 June 2024).

9 Version 3.28.2. https://www.locusmap.app (Accessed: 25
June 2024).

10 STONEX S900A V2 GNSS receiver, EPOSA correction
data, RTK position accuracy: £1 cm.

11 https://www.bda.gv.at/themen/publikationen/stan-
dards-leitfaeden-richtlinien/richtlinien-archaeolo-
gie-massnahmen.html (Accessed: 19 November 2024).

12 All finds presented in this study were examined and docu-
mented by the authors themselves.

13 All samples have been sampled by Curt-Engelhorn-Zen-
trum Archdometrie gGmbH and calibrated with OxCal
4.4, IntCal 20, Bronk Ramsey (2009).

14 An Early Bronze Age radiocarbon date was obtained at the
prehistoric mining area Mauk D in Radfeld (Staudt, 2024,
p.245, Fig.105; Staudt and Goldenberg, 2024, p.53, Fig.7). It
has not yet been possible to determine whether this is an iso-
lated date, or a more extensive complex can be expected.

15 See for example: Posepny, 1880, pp.353-379; Srbik, 1929,
pp.158-161; Mutschlechner, 1968; Rupert, 1985, p.31; Vavtar,
1988, pp.17-20; Giinther, 1999; Graf3, 2002, pp.258-261.

References

Albrecht, A., Schrattenthaler, H. and Rieser, B., 2012. KG
Kirchberg, OG Kirchberg in Tirol. Fundberichte aus Os-
terreich, 50, p.432.

Appler, H., 2010. Schatzfunde, Opferplitze und Siedlungen.
Wattens: Eigenverlag H. Appler.

Appler, H., Altenburger, A. and Zeisler, J., 1997. Eisenzeitliche
Lesefunde vom Grattenbergl in Kirchbichl. Heimat-
kundliche Blitter, 7, pp.12-54.

Bartelheim, M., Eckstein, K., Huijsmans, M., Krauf$, R. and
Pernicka, E., 2002. Kupferzeitliche Metallgewinnung in
Brixlegg, Osterreich. In: M. Bartelheim, ed. 2002. Die
Anfinge der Metallurgie in der Alten Welt: The beginnings
of metallurgy in the Old World. Forschungen zur Archdo-
metrie und Altertumswissenschaft, 1. Rahden/Westfalen:
VML. pp.33-82.

Bronk Ramsey, C., 2009. Bayesian analysis of radiocarbon da-
tes, Radiocarbon, 51(1), pp.337-360.

Della Casa, P, Naef, L. and Turck, R., 2016. Prehistoric copper
pyrotechnology in the Swiss Alps: Approaches to site de-
tection and chaine opératoire. Quaternary International,
402, pp.26-34.

Egg, E., 1976. Jahresbericht 1975. Veriffentlichungen des Tiroler
Landesmuseum Ferdinandeum, 56, pp.340-344.

Egg, E., 1979. Jahresbericht 1978. Veriffentlichungen des Tiroler
Landesmuseum Ferdinandeum, 59, pp.165-175.

Egg, M., 2016. Eisenzeitliche Depotfunde im mittleren Alpen-
raum. In: H. Baitinger, ed. 2016. Materielle Kultur und

130 Metalla Nr. 28.2 / 2024, 99-134


https://www.geologie.ac.at/services/webapplikationen/iris-interaktives-rohstoffinformationssystem
https://www.geologie.ac.at/services/webapplikationen/iris-interaktives-rohstoffinformationssystem
https://qfield.org
https://www.locusmap.app
https://www.bda.gv.at/themen/publikationen/standards-leitfaeden-richtlinien/richtlinien-archaeologie-massnahmen.html
https://www.bda.gv.at/themen/publikationen/standards-leitfaeden-richtlinien/richtlinien-archaeologie-massnahmen.html
https://www.bda.gv.at/themen/publikationen/standards-leitfaeden-richtlinien/richtlinien-archaeologie-massnahmen.html

Identitit im Spannungsfeld zwischen mediterraner Welt
und Mitteleuropa. RGZM-Tagungen, 27. Mainz: Verlag
des Romisch-Germanischen Zentralmuseums. pp.263-
275.

Eibner, C. 1982. Kupfererzbergbau in Osterreichs Alpen. In: B.
Hénsel, ed. 1982. Siidosteuropa zwischen 1600 und 1000
v. Chr. Berlin: Moreland. pp.399-408.

Eibner, C. and Pittioni, R., 1974. Kitzbiihel, BH Kitzbiihel.
Fundberichte aus Osterreich, 8, p.64.

Feichtner, L. and Posch, S., 1988. Aus der Ortschronik: Be-
deutsame Ereignisse in Brixen im Thale. In: S. Posch,
ed. 1988. Brixen im Thale 788 - 1988: Ein Heimatbuch.
Schlern-Schriften, 281. Innsbruck: Universititsverlag
Wagner. pp.355-369.

Freudenberg, M., 2009. Steingerite zur Metallbearbeitung:
Einige neue Aspekte zum spitneolithischen und friih-
bronzezeitlichen Metallhandwerk vor dem Hintergrund
des schleswig-holsteinischen Fundmaterials. Archdologi-
sches Korrespondenzblatt, 39, pp.341-359.

Gehlen, B., 2012. Felsgesteingerite des Alt- und Mittelneolithi-
kums. In: H. Floss, ed. 2012. Steinartefakte vom Altpalio-
lithikum bis in die Neuzeit. Tibingen: Kerns. pp.837-856.

Gleirscher, P, 1986. Eine Fuflzierfibel vom Grattenbergl bei
Worgl, Tirol. Bayerische Vorgeschichtsblitter, 51, pp.313-
323.

Goldenberg, G., 1998. L' exploitation du cuivre dans les Alpes
autrichiennes a 1'Age du Bronze. In: C. Mordant, M.
Pernot and V. Rychner, eds. 1998. Latelier du bronzier
en Europe du XXe siécle au VIlle siécle avant notre ére:
Actes du Colloque international «Bronze’96», Neuchdtel
et Dijon, 1996. Paris, Dijon: Comité des travaux his-
toriques et scientifiques; Centre de recherches sur les
techniques gréco-romaines de I'Université de Bour-
gogne. pp.10-23.

Goldenberg, G., 2004. Ein Verhiittungsplatz der mittleren Bron-
zezeit bei Jochberg (Nordtirol). In: G. Weisgerber and G.
Goldenberg, eds. 2004. Alpenkupfer: = Rame delle Alpi.
Der Anschnitt, Beiheft, 17. Bochum: Deutsches Bergbau-
Museum, Rahden/Westfalen: VML. pp.165-176.

Goldenberg, G., 2013. Prahistorischer Fahlerzbergbau im Un-
terinntal - Montanarchéologische Befunde. In: K. Oeggl,
V. Schaffer and Montanwerke Brixlegg, eds. 2013. Cu-
prum Tyrolense: 5550 Jahre Bergbau und Kupferverhiit-
tung in Tirol. Reith im Alpbachtal: Edition Tirol. pp.89-
122.

Goldenberg, G., 2015. Prihistorische Kupfergewinnung aus
Fahlerzen der Lagerstitte Schwaz-Brixlegg im Unterinn-
tal, Nordtirol. In: T. Stollner and K. Oeggl, eds. 2015.
Bergauf Bergab - 10.000 Jahre Bergbau in den Ostalpen.
Veriffentlichungen aus dem Deutschen Bergbau-Museum
Bochum, 207. Bochum: VML. pp.151-163.

Goldenberg, G. and Rieser, B., 2004. Die Fahlerzlagerstitten
von Schwaz/Brixlegg (Nordtirol). Ein weiteres Zentrum
urgeschichtlicher Kupferproduktion in den Osterrei-
chischen Alpen. In: G. Weisgerber and G. Goldenberg,
eds. 2004. Alpenkupfer - Rame delle Alpi. Der Anschnitt,
Beiheft, 17. Bochum: Deutsches Bergbau-Museum, Rah-
den/Westfalen: VML. pp.37-52.

Goldenberg, G., Staudt, M. and Grutsch, C., 2019. Montanar-
chéologische Forschungen zur frithen Kupferproduk-

Metalla Nr.28.2 /2024, 99-134 131

tion in Nordtirol - Forschungsfragen, Forschungskon-
zepte und Ergebnisse. In: S. Hye and U. Tochter], eds.
2019. UPIKU:TAUKE: Festschrift fiir Gerhard Tomedi
zum 65. Geburtstag. Universititsforschungen zur pri-
historischen Archdologie, 339. Bonn: Dr. Rudolf Habelt
GmbH. pp.159-179.

Goldenberg, G., Breitenlechner, E., Deschler-Erb, S., Hanke,
K., Hiebel, G., Hiister-Plogmann, H., Hye, S., Klaunzer,
M., Kovacs, K., Krismer, M., Lutz, J., Maass, A., Moser,
M., Nicolussi, K., Oeggl, K., Pernicka, E., Pichler, T.,
Pollath, N., Schibler, J., Staudt, M., Stopp, B., Thurner,
A., Tochterle, U., Tomedi, G., Tropper, P, Vavtar, F. and
Weinold, T., 2012. Prahistorischer Kupfererzbergbau im
Maukental bei Radfeld/Brixlegg. In: G. Goldenberg, U.
Tochterle, K. Oeggl and A. Krenn-Leeb, eds. 2012. For-
schungsprogramm HiMAT - Neues zur Bergbaugeschichte
der Ostalpen: (Research program HiMAT- news form the
mining history of the eastern Alps), Archdologie Oster-
reichs Spezial, 4. Wien: Osterreichische Gesellschaft fiir
Ur- und Frithgeschichte. pp.61-110.

Graf3, J., 2002. Chronik der Gemeinde Hopfgarten im Brixental.
Hopfgarten.

Gstrein, P, 2013. About prehistoric Mining in Tyrol - Vom pr-
historischen Bergbau in Tirol. Bericht der Geologischen
Bundesanstalt, 101, pp.38-45.

Giinther, W, 1999. Berg- und Hiittenwesen. In: P. Gwirl, ed.
1999. Kirchberger Heimatbuch. Innsbruck: Athesia Tyro-
lia Druck GmbH. pp.163-189.

Gwirl, P, 1999., Falkenstein: Eine Ministerialienburg der
Grafen von Falkenstein. In: P. Gwirl, ed. 1999. Kirch-
berger Heimatbuch. Innsbruck: Athesia Tyrolia Druck
GmbH. p.41.

Heinisch, H., Pestal, G. and Reitner, .M. eds., 2015. Erliute-
rungen zu Blatt 122 Kitzbiihel. Wien: Geologische Bun-
desanstalt.

Heinisch, H., Pestal, G., Reitner, J. and Sting, V, 2003. Blatt 122
Kitzbiihel (1:50.000). Wien: Geologische Bundesanstalt
Osterreich.

Huijsmans, M., 1994. Die Friihe und Mittlere Bronzezeit In
Nordtirol. Diplomarbeit Universitit Innsbruck.

Huijsmans, M. and Krauf}, R., 2015. 6.000 Jahre Brixlegg:
Archdiologische Untersuchungen auf den Fundstellen
Mariahilfbergl und Hochkapelle am Mehrnstein. Wien:
Berger.

Isser von Gaudententhurn, M., 1888. Die Montanwerke und
Schurfbaue Tirols der Vergangenheit und Gegenwart.
Berg- und Hiittenmdnnisches Jahrbuch der k.k. Bergaka-
demien zu Leoben und Pribram und der koniglichen un-
garischen Bergakademie zu Schemnitz, 36, pp.226-324.

Keil, J. 2023. Der Buchberg bei Wiesing in der Bronzezeit -
Siedlungsentwicklung und Kupferversorgung in Nord-
tirol. In: K. Massy, J.H. Bunnefeld and C. Horn, eds.
2023. Soziale Hierarchien zwischen Tradition und Inno-
vation in der Bronzezeit Europas: Beitrige der Sitzun-
gen der AG Bronzezeit im Rahmen der 83. Tagung des
NWVA vom 12.-15. September 2018 in Heide (Holstein)
und der 85. Jahrestagung des WSVA und des MOVA vom
1.-5. April 2019 in Wiirzburg. Beitrige zur Ur- und Friih-
geschichte Mitteleuropas, 106. Langenweifibach: Beier &
Beran, archiologische Fachliteratur. pp. 333-349.



Kilian-Dirlmeier, 1., 1972. Die hallstattzeitlichen Giirtelbleche
und Blechgiirtel Mitteleuropas. Prihistorische Bronze-
funde Abt. XII, 1. Miinchen.

Klaunzer, M., 2008. Studien zum spdtbronzezeitlichen Bergbau
auf der Kelchalm und Bachalm Bez. Kitzbiihel, Nordtirol.
Diplomarbeit Universitdt Innsbruck.

Klebelsberg, R. v., 1935. Geologie von Tirol. Berlin: Gebriider
Borntraeger.

Kneuf3l, R., 1969. Studien an hallstittischer Keramik der Grai-
berfelder Egerndorfer Wald (Worgl) und Haiming. In:
O. Menghin, R. Kneufdl and W. Kneuf3], eds. Beitrdige
zur Urgeschichte Tirols: Dem Andenken an Erich Kneufsl,
30.3.1884 - 17.9.1968. Innsbrucker Beitrdge zur Kultur-
wissenschaft Sonderheft, 29. Innsbruck: Verlagsanstalt
Tyrolia. pp.146-235.

Koch Waldner, T., 2017. Riumliche und zeitliche Struktur des
prihistorischen Bergbaus in der Region Kitzbiihel: Cha-
rakterisierung einer alpinen bronzezeitlichen Bergbau-
landschaft anhand von archiologischen Befunden, Ge-
landeanalysen und iiberregionalen Vergleichen. Ph. D
Universitit Innsbruck.

Koch Waldner, T., 2019. Bronze Age copper production in
Kitzbiihel, Tyrol. In: R. Turck, T. Stéllner and G. Gol-
denberg, eds. 2019. Alpine Copper II: New Results and
Perspectives on Prehistoric Copper Production = Alpen-
kupfer II = Rame delle Alpi II = Cuivre des Alpes II. Der
Anschnitt, Beiheft, 42. Bochum: Deutsches Bergbau-Mu-
seum, Rahden/Westfalen: VML. pp.31-46.

Koch Waldner, T. and Klaunzer, M., 2015. Das prahistorische
Bergbaugebiet in der Region Kitzbiihel. In: T. Stollner
and K. Oeggl, eds. 2015. Bergauf Bergab - 10.000 Jahre
Bergbau in den Ostalpen. Verdffentlichungen aus dem
Deutschen Bergbau-Museum Bochum, 207. Bochum:
VML. pp.165-173.

Kossack, G., 1959. Siidbayern wdihrend der Hallstattzeit. Ro-
misch-germanische Forschungen, 24. Berlin: De Gruyter.

Krauf3, R., 2001. KG Aurach, OG Aurach bei Kitzbiihel, VB
Kitzbiihel. Fundberichte aus Osterreich, 40, pp-593-594.

Krauf3, R., 2002. KG Aurach, OG Aurach bei Kitzbiihel, VB
Kitzbiihel. Fundberichte aus Osterreich, 41, p.613.

Krauf3, R., 2003. KG Aurach, OG Aurach bei Kitzbiihel, VB
Kitzbiihel. Fundberichte aus Osterreich, 42, p.679.

Krauf3, R., 2004. KG Aurach, OG Aurach bei Kitzbiihel, VB
Kitzbiihel. Fundberichte aus Osterreich, 43, p-869.

Krauf3, R., 2005. KG Aurach, OG Aurach bei Kitzbiihel, VB
Kitzbiihel. Fundberichte aus Osterreich, 44, p-509.

Kreuss, O., 2008. Blatt 121 Neukirchen am GrofSvenediger
(1:50.000). Wien : Geologische Bundesanstalt Oster-
reich.

Lamprecht, R., 2019. Prihistorische Steingerdite aus Nordtiroler
Montanrevieren. Masterarbeit Universitit Innsbruck.

Lamprecht, R., 2020. Geschiftete Ostalpine Liufersteine als
Besonderheit des préhistorischen Kupferbergbaus: Un-
tersuchungen zur Herstellung und Verwendung durch
experimentelle Archéologie. In: G. Schobel and Europé-
ische Vereinigung zur Forderung der Experimentellen

Archidologie, eds. 2020. Experimentelle Archdologie in
Europa. Jahrbuch 2020. Bad Langensalza: Beltz Bad Lan-
gensalza GmbH. pp.35-47.

Lamprecht, R. and Haas, J., 2022. KG: Kirchbichl, OG: Kirch-
bichl, PB: Kufstein. Fundberichte aus Osterreich, 59,
pp.D9359-D9362.

Lamprecht, R., Goldenberg, G., Staudt, M. and Tropper, P,
2022. Stone Tools from Prehistoric Mining Sites in
North Tyrol, Austria: Typology - Terminology - Material
Properties. Metalla 26(2), pp.141-164.

Lippert, A. and Stadler, P., 2009. Das spétbronze- und friiheisen-
zeitliche Grdiberfeld von Bischofshofen-Pestfriedhof: Teil 1:
Bearbeitung und Auswertung. Universitatsforschungen
zur Prahistorischen Archdologie, 168. Bonn: Dr. Rudolf
Habelt GmbH.

Martinek, K.P,, 1996. Archdometallurgische Untersuchungen
zur frithbronzezeitlichen Kupferproduktion und -verar-
beitung auf dem Buchberg bei Wiesing, Tirol. Fundbe-
richte aus Osterreich, 34, pp. 575-584.

Martinek, K.P. and Sydow, W. 2004, Frithbronzezeitliche
Kupfermetallurgie im Unterinntal (Nordtirol). In: G.
Weisgerber and G. Goldenberg, eds. 2004. Alpenkupfer
- Rame delle Alpi. Der Anschnitt, Beiheft, 17. Bochum:
Deutsches Bergbau-Museum, Rahden/Westfalen: VML.
pp.199-211.

Mayer, A., 1977. Die Axte und Beile in Osterreich. Prahistori-
sche Bronzefunde, IX/9. Miinchen.

Merhart, G. von, 1931. Westendorf, B. H. Kitzbiihel. Fundbe-
richte aus Osterreich, 1(3-5), p.76.

Merhart, G. von, 1934. Worgl, GB u. VB Kufstein. Fundberichte
aus Osterreich, 2(1), pp.48-49.

Mertelseder, B. and Schemfil, V. eds., 2007. Der Tiroler Frei-
heitskrieg  1809: Eine militdrhistorische Darstellung.
Schlern-Schriften, 335. Innsbruck: Wagner.

Much, M., 1879. Das vorgeschichtliche Kupferbergwerk auf
dem Mitterberg (Salzburg). In: J.A.F. v. Helfert, ed. 1879.
Miteilungen der K.K. Central-Commission zur Erfor-
schung und Erhaltung der Kunst- und historischen Denk-
male, 5. Wien: Karl Gerold's Sohn. pp.XIX-XXXVI.

Much, M., 1902. Prahistorischer Bergbau in den Alpen. Zeit-
schrift des oOsterreichischen und deutschen Alpenvereins,
XXXIIL, pp.1-31.

Mutschlechner, G., 1968. Kitzbiiheler Bergbaugeschichte. In: E.
Widmoser, ed. 1968. Stadtbuch Kitzbiihel: Teil 2: Vorge-
schichte und Bergbau. Kitzbiihel: Eigenverlag der Stadt-
gemeinde Kitzbiihel. pp.137-225.

Neuhauser, G. Pamer, T., Maier, A. and Torggler, A., 2022. Berg-
bau in Tirol: Von der Urgeschichte bis in die Gegenwart:
die Bergreviere in Nord- und Osttirol, Siidtirol sowie im
Trentino. Innsbruck: Tyrolia.

Neuninger, H., Preuschen, E. and Pittioni, R., 1970. Der urzeit-
liche Kupfererzbergbau Gétschen bei Brixen im Tal, p.
B. Kitzbiihel, Tirol. Archaeologia Austriaca, 48, pp.19-25.

Pichler, T., Goldenberg, G., Klaunzer, M. and Nicolussi, K.,
2009. Die Holzer des bronzezeitlichen Bergbaus auf der
Kelchalm bei Kitzbiihel. Archéologisches Korrespondenz-
blatt, 39(1), pp.59-75.

132 Metalla Nr. 28.2 / 2024, 99-134



Pittioni, R., 1943. Untersuchungen im Bergbaugebiet Kelchalpe
bei Kitzbiihel, Tirol: Zweiter Bericht iiber die Arbeiten
1937/1938 zur Urgeschichte des Kupferbergwesens in
Tirol. Wien.

Pittioni, R., 1968. Der urzeitliche Kupferbergbau im Gebiete
um Kitzbithel. In: E. Widmoser, ed. 1968. Stadtbuch
Kitzbiihel: Teil 2: Vorgeschichte und Bergbau. Kitzbiihel:
Eigenverlag der Stadtgemeinde Kitzbiihel. pp. 31-102.

Posepny, F., 1880. Archiv fiir practische Geologie (1). Wien: J.
C. Fischer.

Prem, S.M., 1909. Das Treffen bei Worgl am 13. Mai 1809.
Worgl.

Preuschen, E. and Pittioni, R., 1939. Untersuchungen im Berg-
baugebiete Kelchalpe bei Kitzbiihel, Tirol: Erster Bericht
iiber d. Arbeiten 1931-1936 zur Urgeschichte des Kupfer-
bergewesens in Tirol. Wien: Holder-Pichler-Tempsky.

Preuschen, E. and Pittioni, R., 1954. Untersuchungen im Ber-
gbaugebiet Kelchalm bei Kitzbiihel, Tirol: Dritter Bericht
iiber die Arbeiten 1946 - 1953 zur Urgeschichte des Kup-
ferbergwesens in Tirol. Wien: Deuticke.

Reitner, J. M., Gruber, W., Romer, A. and Morawetz, R., 2010.
Alpine overdeepenings and paleo-ice flow changes: an
integrated geophysical-sedimentological case study from
Tyrol (Austria). Swiss Journal of Geosciences, 103(3),
pp- 385-405.

Rieser, B. and Schrattenthaler, H., 1998/99. Urgeschichtlicher
Kupferbergbau im Raum Schwaz-Brixlegg. Archaeologia
Austriaca, 82/83, pp.135-179.

Rupert, M., 1985. Zur Geschichte des Berg- und Hiittenwesens
in der Herrschaft Kitzbiihel bis ins 17. Jahrhundert. Ph.D
Universitdt Innsbruck.

Scheiber, E.M., 2011, Das spitbronzezeitliche Griberfeld am
Lebenberg bei Kitzbiihel, Tirol. Diplomarbeit Universitat
Innsbruck.

Schipflinger, A. and Traxler, E, 1995. Sagen, Brduche und Ge-
schichten aus dem Brixental und seiner niheren Umge-
bung. Schlern-Schriften, 299. Innsbruck: Wagner.

Solder, W., 2014. Vor- und Friihgeschichtliche und Provinzi-
alromische Sammlungen. In: Verein Tiroler Landes-
museum Ferdinandeum, ed. 2014. Jahresbericht 2013.
Verdiffentlichung des Vereins Tiroler Landesmuseum Fer-
dinandeum. Innsbruck: Verein Tiroler Landesmuseum
Ferdinandeum. pp.17-29.

Srbik, R. v., 1929. Uberblick des Bergbaues von Tirol und Vorarl-
berg in Vergangenheit und Gegenwart. Innsbruck.

Staudt, M., Goldenberg, G., Scherer-Windisch, M., Nicolussi,
K. and Pichler, T., 2019a. Late Bronze Age/Early Iron
Age fahlore mining in the Lower Inn Valley (North Ty-
rol, Austria). In: R. Turck, T. Stollner and G. Goldenberg,
eds. 2019. Alpine Copper II: New Results and Perspecti-
ves on Prehistoric Copper Production = Alpenkupfer II =
Rame delle Alpi II = Cuivre des Alpes II. Der Anschnitt,
Beiheft, 42. Bochum: Deutsches Bergbau-Museum, Rah-
den/Westfalen: VML. pp.115-142.

Staudt, M., Goldenberg, G., Scherer-Windisch, M., Grutsch,
C., Lamprecht, R. and Zerobin, B., 2019b. The Late
Bronze Age smelting site Rotholz in the Lower Inn Val-
ley (North Tyrol, Austria). In: R. Turck, T. Stollner and

Metalla Nr.28.2 /2024, 99-134 133

G. Goldenberg, eds. 2019. Alpine Copper 1I: New Results
and Perspectives on Prehistoric Copper Production = Al-
penkupfer II = Rame delle Alpi IT = Cuivre des Alpes II.
Der Anschnitt, Beiheft, 42. Bochum: Deutsches Berg-
bau-Museum, Rahden/Westfalen: VML. pp.279-298.

Staudt, M., Goldenberg, G., Lamprecht R. and Zerobin, B,
2024. Montanarchdologische Prospektionen zum pré-
historischen Kupferbergbau in den Kitzbiiheler Alpen.
Neue Fundstellen und erste Ergebnisse zum Abbau und
zur Erzaufbereitung von Kupferkies im Raum Jochberg
(Nordtirol). Archaeologia Austriaca, 108, pp.I-XXXVII.

Staudt, M., 2024. Montanarchdologische Untersuchungen zum
prihistorischen Kupfererzbergbau im Tiroler Unterinntal:
Spdtbronze- und friiheisenzeitliche Kupferproduktion im
Fahlerzrevier von Schwaz-Brixlegg. Dissertation. Univer-
sitat Innsbruck.

Staudt, M. and Goldenberg, G., 2024. Prehistoric Copper pro-
duction in the Fahlore Mining District Schwaz-Brixlegg:
Transfer and Development of Technologies. In: M. Gav-
ranovi¢ and M. Mehofer, eds. 2024. Bronze age metal-
lurgy: Production - consumption - exchange. Oriental
and European Archaeology, 32. Wien: Austrian Academy
of Sciences Press. pp.37-60.

Staudt, M. and Goldenberg, G., 2018. Fundbericht zum pra-
historischen Bergbau Gétschen bei Brixen im Thale, KG
Brixen im Thale, OG Brixen im Thale. Fundberichte aus
Osterreich, 55, pp.D7834-D7837.

Stollner, T., 2015. Die alpinen Kupfererzreviere: Aspekte ihrer
zeitlichen, technologischen und wirtschaftlichen Ent-
wicklung im zweiten Jahrtausend vor Christus, In: T.
Stollner and K. Oeggl, eds. 2015. Bergauf Bergab - 10.000
Jahre Bergbau in den Ostalpen. Verdffentlichungen aus
dem Deutschen Bergbau-Museum Bochum, 207. Bo-
chum: VML. pp.99-105.

Stéllner, T. and Schwab, R., 2009. Hart oder weich? Worauf es
ankommt! Pickel aus dem préahistorischen Bergbau in
den Ostalpen. Mitteilungen der Anthropologischen Ge-
sellschaft in Wien, 139, pp.149-166.

Stollner, T., Riiden, C., Hanning, E., Lutz, J. and Kluwe, S.,
2016. The Enmeshment of Eastern Alpine Mining Com-
munities in the Bronze Age. From Economic Networks
to Communities of Practice. In: G. Korlin, M. Prange,
T. Stéllner and U. Yalgin, eds. 2016. From bright ores to
shiny metals: Festschrift for Andreas Hauptmann on the
occasion of 40 years research in archaeometallurgy and
archaeometry. Bochum: Deutsches Bergbau-Museum,
Rahden/Westfalen: VML. pp.75-108.

Thomas, P., 2018. Studien zu den bronzezeitlichen Bergbauhol-
zern im Mitterberger Gebiet: Forschungen zur Montan-
landschaft Mitterberg 1. Der Anschnitt, Beiheft, 38. Bo-
chum: Deutsches Bergbau-Museum, Rahden/Westfalen:
VML.

Tochterle, U., 2015. Der Kiechlberg bei Thaur als Drehscheibe
zwischen den Kulturen nordlich und siidlich des Alpen-
hauptkammes. Ein Beitrag zum Spdtneolithikum und zur
Friih- und Mittelbronzezeit in Nordtirol. Universitétsfor-
schungen zur Prihistorischen Archiologie, 261. Bonn:
Dr. Rudolf Habelt GmbH.

Tochterle, U. Goldenberg, G., Schneider, P. and Tropper, P.,
2013. Spatbronzezeitliche Verhiittungsdiisen aus dem
Bergbaurevier Mauken im Unterinntal, Nordtirol: Typo-



logie, mineralogischpetrographische Zusammensetzung
und experimentelle Rekonstruktionsversuche. Der An-
schnitt, 65(1-2), pp.2-19.

Tomedi, G., 1998. Eine vorgeschichtliche Wanderung im Raum
Worgl. In: J. Zangerl, ed. 1998. Worgl: Ein Heimatbuch.
Worgl: Eigenverlag Ed. J. Zangerl. pp.39-52.

Tomedi, G., Tochterle, U. and Staudt, M., 2013. Zur Bedeutung
des prahistorischen Bergbaus auf Kupfererze im Raum
Schwaz-Brixlegg. In: K. Oeggl, V. Schaffer and Montan-
werke Brixlegg, eds. 2013. Cuprum Tyrolense: 5550 Jahre
Bergbau und Kupferverhiittung in Tirol. Reith im Alp-
bachtal: Edition Tirol. pp.55-70.

Trebsche, P., 2010. Untersuchungen zu Reichweite und Bedeu-
tung von Kontakten in der Spatlaténezeit anhand der
Feinkammstrich-Keramik. In: E. Jerem, M. Schonfelder,
and G. Wieland, eds. 2010. Nord-Siid, Ost-West: Kon-
takte wihrend der Eisenzeit in Europa. Akten der inter-
nationalen Tagungen der AG Eisenzeit in Hamburg und
Sopron 2002. Archaeolingua, 17. Budapest: Archaeolin-
gua Alapitvany. pp.333-348.

Tropper, P, Staudt, M., Tochterle, U., Krismer, M. and Gol-
denberg, G., 2019. Encapsulated industrial processes:
slag-tempered ceramics and its implications for prehis-
toric metallurgy in the Lower Inn Valley (North Tyrol,
Austria). In: R. Turck, T. Stollner and G. Goldenberg,
eds. 2019. Alpine Copper II: New Results and Perspecti-
ves on Prehistoric Copper Production = Alpenkupfer IT =
Rame delle Alpi II = Cuivre des Alpes II. Der Anschnitt,
Beiheft, 42. Bochum: Deutsches Bergbau-Museum, Rah-
den/Westfalen: VML. pp.299-309.

Unknown author, 1749. BW Tirol, B 7, Nr. 1078. Tiroler Lan-
desarchiv.

Vavtar, E, 1977. Drei Kupfer-Lagerstitten in den Kitzbiiheler
Alpen (,,Brunnalm®, ,,Blaufeldalm” und ,,Ottneralm®) im
Rahmen einer paldozoischen Genese. Verdffentlichungen
des Tiroler Landesmuseum Ferdinandeum, 57, pp.155-
238.

Vavtar, E, 1988. Geologische Gliederung, Lagerstatten und
Bergbau. In: S. Posch, ed. 1988. Brixen im Thale 788 -
1988: Ein Heimatbuch. Schlern-Schriften, 281. Innsbruck:
Universititsverlag Wagner. pp.13-20.

von Mersi, J.A., Pfaundler, L. and Roggel, J., 1834. Vermuth-
ung iiber den Standort des alten Masciacum. In : J.A.
von Mersi, L. Pfaundler and J. Roggel, eds. 1834. Beitrdige
zur Geschichte, Statistik, Naturkunde und Kunst von Tirol
und Vorarlberg, Achter Band. pp.263-271.

Vohryzka, K., 1968. Die Erzlagerstitten von Nordtirol und ihr
Verhiltnis zur alpinen Tektonik. Jahrbuch der Geologi-
schen Bundesanstalt, 111, pp.3-88.

Weinold, L., 1931. Vom ehemaligen Bergbau und Hiittenwe-
sen in der Gegend von Kirchberg im Brixenthale. Tiroler
Heimatbldtter, 9(11), pp.373-378.

Wieser, E von, 1911. Prahistorische und rémische Funde bei
Worgl. Innsbruck.

Worgler Antiquititenverein, 1842. Wissenschaftliche Nach-
richten.  Osterreichisch-kaiserliche = Wiener  Zeitung,
344(13), December 1842, p.2583.

Zanesco, A., 1994. KG Kirchbichl, OG Kirchbichl, VB Kufstein.
Fundberichte aus Osterreich, 32, p.719.

Zemmer-Plank, L., 1968. Vorgeschichtliche Funde aus dem
Bezirk Kitzbiihel. In: E. Widmoser, ed. 1968. Stadtbuch
Kitzbiihel: Teil 2: Vorgeschichte und Bergbau. Kitzbiihel:
Eigenverlag der Stadtgemeinde Kitzbiihel. pp.103-136.

Zemmer-Plank, L., 1990. Urzeitlicher Bergbau in Tirol. In: G.
Ammann, ed. 1990. Silber, Erz und weifSes Gold: Bergbau
in Tirol. Innsbruck: Tiroler Landesmuseum Ferdinan-
deum. pp.74-97.

Authors

Roman Lamprecht (Corresponding author)
Leopold-Franzens-University Innsbruck
Department of Archaeologies

Innrain 52a, 6020 Innsbruck, Austria
romanlamp27@gmail.com

ORCID 0000-0001-8633-0964

Julia Haas

Independent researcher
JuliaMariaHaas@hotmail.com
ORCID 0009-0000-6173-767X

Gerald Hiebel
Leopold-Franzens-University Innsbruck
Department of Archaeologies/DiSC
Innrain 52a, 6020 Innsbruck, Austria
Gerald.Hiebel@uibk.ac.at

ORCID 0000-0002-3799-8391

134 Metalla Nr. 28.2 / 2024, 99-134



