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Figure 1. The Lower Aare Valley area (a) in central northern Switzerland (b) with drill sites and seismic lines. Panel (c) shows the occur-
rence of Quaternary sediments (green) along section A–A0. Quaternary thickness model supplied by the Swiss National Cooperative for the
Disposal of Radioactive Waste (Nagra).

construction of its further evolution (Gegg et al., 2025a).
These sediments are, mostly, glaciolacustrine sand and
glaciodeltaic gravel that were later truncated and overlain
by a second nested glacial basin (with both basin gener-
ations likely infilled during the penultimate glaciation, ca.
185–130 ka; see also Mueller et al., 2024). In the gravels,
and in Middle Pleistocene glaciofluvial deposits in a neigh-
bouring palaeochannel, petrographic contributions from all
three catchments coalescing in the study area (Aare, Reuss,
Limmat; Fig. 1) can be identified, and they indicate changes
in palaeoglacier configuration and extent over time. In said
palaeochannel, another rich archive of environmental indica-
tors occurs in the shape of a succession of lacustrine fines
(drilling QRIN; Gegg et al., 2023). Changes in sedimen-
tary facies and composition represent the transition from
a glacier- to a runoff-fed lake, and pollen contents track
the emergence of sparse aquatic and open terrestrial (in-
terstadial) vegetation. The lacustrine fines, as well as over-
lying periglacial colluvium, were also dated to the penul-
timate glaciation by luminescence (OSL/IRSL; Mueller et
al., 2020), and thus especially the penultimate glaciation left
ample erosive as well as depositional traces in the Lower
Aare Valley. The facies and architecture of the investigated
deposits points towards three separate, extensive ice ad-
vances (cf. Lowick et al., 2015) and therefore towards a com-
plex glacial period with a significant geomorphic imprint. In
summary, this study emphasises the significance of glacial
(overdeepened) basins and thorough multi-method investiga-
tion of their infill for Quaternary stratigraphy.
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Abstract: The mid-mountain ranges are characterised by a medieval land occupation driven by various factors,
which in turn affected the river systems. In particular, extraction and smelting activity led to distinct
signals in floodplain sediments, serving as valuable tracers for reconstructing past environmental con-
ditions and assessing anthropogenic impacts. This study creates the basis to link existing historical and
geo-/montan-archaeological data with future geoscientific research for the Selke River catchment. A
database of mines, smelters, and settlement structures was derived from (1) written sources, (2) old
maps, and (3) a dataset of anthropogenic surface structures. The study focuses on the spatial alignment
of the mining operations with the corresponding vein systems and their chronology and correlates the
smelting activity with river kilometres and hydrological subregions. Ultimately, this research defines
(a) three key areas that are characterised to varying degrees by mining activity and (b) discusses pos-
sible downstream impacts on overbank deposits from these historical mining locations.

Kurzfassung: Die mittelalterliche Landnahme der Mittelgebirge ist auf verschiedene Push- und Pull-Faktoren
zurückzuführen. Durch diese Landnahme haben sich die Flusssysteme der Mittelgebirge stark verän-
dert. Insbesondere die montanbergbaulichen Aktivitäten haben zu deutlichen geochemischen Sig-
nalen in den Auensedimenten geführt, welche heute als wichtige Indikatoren für Bewertung anthro-
pogener Einflüsse sowie die Rekonstruktion vergangener Umweltbedingungen herangezogen werden.
Die vorliegende Studie stellt eine Verknüpfung historischer und montanarchäologischer Daten mit ge-
owissenschaftlichen Forschungen im Flusseinzugsgebiet der Selke dar. Dazu wurden (1) schriftliche
Quellen, (2) Altkarten und (3) ein Datensatz zu anthropogenen Oberflächenstrukturen ausgewertet.
Ergebnis ist insbesondere die Zusammenstellung von Bergwerken, Hütten und Siedlungsstrukturen.
Die räumliche Verbreitung und Chronologie der Bergbaustandorte werden dargestellt und die Verhüt-
tungsaktivitäten zusätzlich mit Flusskilometern und hydrologischen Teilregionen verknüpft. Letztlich
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definiert diese Untersuchung (a) drei Schwerpunktbereiche, die in unterschiedlichem Ausmaß durch
Bergbauaktivitäten geprägt sind, und (b) diskutiert mögliche Auswirkung der historischen Montanak-
tivitäten auf die flussabwärts abgelagerten Auensedimente.

1 Introduction

The Harz Mountains are considered to be one of the most
ore-rich regions in Europe (Stedingk, 2021). At least since
the Middle Ages, they have been regarded as an important
economic centre for the mining industry with supra-regional
significance. The development of towns such as Goslar and
Quedlinburg into centres of political power by becoming part
of the Königspfalzen network in the early Middle Ages, the
founding of new (e.g. Benedictine and Cistercian) monaster-
ies, and the indications of far-reaching trade relations exem-
plify the importance of this region for metal supply (Liess-
mann, 2010; Asmus, 2018; Manganaro, 2020).

Particularly in the western Harz region, mining and smelt-
ing activity has been the focus of extensive research for many
decades. The results of these historical and archaeological in-
vestigations contribute to a comprehensive understanding of
the location and utilisation of mines, smelting sites (Klap-
pauf et al., 1997; Klappauf, 2014), and former settlements
(Denecke, 1992). Geoscientific investigations intend to ex-
tend this record by adding information about former land use,
environmental conditions, and the effects of the low moun-
tain range’s prehistoric and medieval land occupation. For
the western Harz region, this includes studies on charcoal to
reconstruct vegetation changes (Knapp et al., 2013; Robin
et al., 2013) or on overbank deposits and their heavy metal
content to identify phases of land use and reconstruct mining
periods (Matschullat et al., 1997; Monna et al., 2000; Ste-
ingräber et al., 2022). Nevertheless, the historical archaeo-
logical evidence is a crucial framework for reasonably inter-
preting the geoscientific data (Schmidt-Wygasch et al., 2010;
Parker et al., 2022).

The scope of these investigations commonly refers to the
deposits of the western Harz Mountains. There is only lit-
tle (geo-)archaeological research on early mining and smelt-
ing for the eastern Harz region (Alper, 2008). This started to
change due to the investigations conducted, for example, by
Alper (2008, 2016) for iron mining around the Elbingerode
Complex and by Swieder (2021, 2022), who added thousands
of archaeological structures with precise location data in the
eastern Harz Mountains to known historical sites, represent-
ing a significant increase in available data.

The present study collates and analyses the available geo-
logical, historical, and archaeological datasets related to the
history of mining, settlement, and land use in the Selke River
catchment covering the eastern Harz vein district. The main
objective is to identify individual mining and metallurgical
centres and thus locate points at which the impact on flu-

vial records regarding grain size distributions and geochem-
ical signals must be considered in the downstream direc-
tion and determine their temporal development. The chrono-
logical consideration is used to distinguish periods defined
by distinct changes in mining/smelting operations that may
have had a definite influence on the landscape evolution. The
catchment of the Selke River, as a typical example of a low
mountain river with its mining history, offers a framework to
study past river developments and sediment dynamics since
the Middle Ages, addressing the interactions between the
river and human settlement within the scope of the SPP 2361:
On the Way to the Fluvial Anthroposphere (Werther et al.,
2021).

2 Study area

The Selke River catchment in the eastern Harz Mountains is
characterised by the transition between the high-elevation re-
gions of the low mountain ranges and the loess-dominated
lowlands. The primary focus is on the middle and upper
catchment, covering an area of about 180 km2 in the Harz
Mountains south of the Ramberg granite (cf. Fig. 1). The
Selke River’s headwaters originate above 500 m a.s.l., reach-
ing the lowland at Meisdorf (180 m a.s.l.) after a flow length
of about 42 km. Henceforth, the term Selke River denotes this
region, highlighted in Fig. 1.

The study area has two primary morphological features.
First, there are gently to moderately sloped remnants of
the peneplains, where island-like agricultural regions have
emerged within an otherwise dominant forest landscape,
combined with V-shaped river valleys along the main course
of the Selke River, 100 to 200 m in width. Second, where
the Selke River intersects the morphologically more resistant
Tanner Greywacke Zone, it creates a deeply incised, narrow,
V-shaped valley.

Another important geological feature is the mineral veins
that strike parallel to the northern edge of the Harz Moun-
tains (WNW–ESE) as part of the eastern Harz vein district
(Fig. 1). The vein mineralisation is linked to post-Variscan
hydrothermal activity composed of different mineralisation
stages. The sulfide and fluorite stages are the most impor-
tant for the vein deposits in the study area, during which Pb-
Zn (± Cu-Ag) deposits and fluorite minerals precipitated, re-
spectively (Graaf et al., 2020).
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Figure 1. Map of the Harz Mountains and location of the study area. The districts of the main ore deposits are based on Mohr (1978). See
Copernicus (2016) for information on the DEM in the background.

3 Overview of the study area’s mining history

The timeline in Fig. 2 displays known dates and events asso-
ciated with the occupation and mining history of the study
area. Concerning settlement history, some archaeological
findings indicate that the region may have been settled in pre-
historic times, such as a hillfort upstream of Meisdorf linked
to the Iron Age (Fig. 2: Hillfort Bartenberg). However, the
permanent settlement is currently considered to reach back to
the early Middle Ages, given the current understanding that
the Harz Mountains were not extensively populated during
the Migration Period (Gringmuth-Dallmer, 1992). After the
initial colonisation of the mountainous region many settle-
ments were abandoned between the 14th and 16th centuries.
Schmidt (2000) estimates a desertification quotient of 72 %
for the entire eastern Harz region (Fig. 2).

The first settlement evidence, emerging during the early
Middle Ages, includes, for example, the Königspfalz of
Siptenfelde and the settlement Selkenfelde, as well as the
two monasteries of Thankmarsfelde, which was relocated to
Nienburg shortly after its foundation (i.e. 975 CE), and Ha-
genrode (Fig. 2). The deserted medieval village of Anhalt
represents another example of this early settlement where ce-

ramic from the 11th century has been found (Schmidt, 2000;
Gärtner and Rösch, 2019).

The degree to which the occupation in the study area is
linked to mining can only be assessed by individual pieces
of evidence. A charcoal sample dated to 638–788 cal CE is
considered to be the earliest indirect indication of mining
taken from a drill core at the Agezucht between Straßberg
and Güntersberge, representing one of the few geoarchaeo-
logical findings so far (Dobler, 1999) (see Fig. 2). Slag, ore
pieces, and charcoal indicate smelting activity at the deserted
village of Selkenfelde (Brachmann, 1992). An additional in-
dicator is the granting of minting rights to the Hagenrode
Monastery1 in 993 CE (D O III, 545 no. 135, 1983) and
the associated minting of coins in the nearby settlement of
Harzgerode (Heckl, 1999). This may be interpreted as evi-
dence for local silver mining. The occurrence of mining pits
in the close vicinity of the deserted village of Anhalt indi-

1It is an ongoing discussion among historians whether these
minting rights were granted to Hagenrode itself or to the
nearby settlement of Harzgerode. For further information refer to
Swieder (2022) and references therein.
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Figure 2. Timeline of individual dates and events linked to the study area’s occupation progress and mining history (see references in Sect. 3).
BA=Bronze Age, prer. IA= pre-Roman Iron Age, Roman IA=Roman Iron Age, and MP=Migration Period.

cates the likelihood of early mining and smelting activity in
connection with this settlement.

The earliest diplomatic record of ore mining in the study
area dates back to 1300 CE. That year, the Cistercian monas-
teries of Marienthal, Riddagshausen, and Michaelstein were
permitted to establish mining operations at the site known as
“Birnbaum” south of Harzgerode (CDA II, 617 f. no. 888,
1875).

In the early 15th century, the first smelting plants, situated
close to the Selke River and utilising the energy of flowing
water, were reported in the study area (Oelke and Hebestedt,
2007). From the late Middle Ages onwards, the mining in-
dustry experienced significant expansion and intensification,
resulting in the formation of the two smelting settlements to-
day: Silberhütte and Mägdesprung (see Fig. 1).

4 Methods

4.1 Historical/archaeological data

This study catalogues extraction sites for iron and non-
ferrous metal mining and locations of smelting activity from
the Middle Ages to the early modern period. Those mining
and smelting sites2 were localised and visualised in three
maps covering the periods until 1300, 1300 to 1648, and
1648 to 1990. The partitioning of the dataset into three car-
tographic representations is based on the chronological se-
quence documented in the written sources and does not rep-
resent specific mining periods. This database is further ex-
tended by the information on deserted villages, fortifications,
and monasteries, which illustrate the general occupation of
the area. Three sources of information have been used to col-
lect historical sites related to settlement, mining, and smelt-
ing and to attribute spatial and temporal data: (i) written
sources3, (ii) old maps, and (iii) anthropogenic surface struc-
tures based on lidar data analysed by Swieder (2022) (Fig. 3).

2Slag findings listed as evidence for smelting processes may in
individual cases be smithing slags resulting from either forging or
metallurgical processes.

3This category includes information from Ortsakten (OA) from
the LDA archive, where archaeological findings for defined regions
are documented.

i. From modern literature, a database of known histor-
ical sites for all three categories – settlement, min-
ing, and smelting – has been compiled (point informa-
tion). Thus, a catalogue that includes information about
names, ages via first mentions or archaeological find-
ings, and (mostly) relative geographic references ex-
ists. For individual mines and smelting sites, the re-
gional studies of Oelke (1973, 1978, 2007, 2008, 2014a,
b) about the local mining history are of particular in-
terest. This can be extended by studies about individ-
ual historical sites, such as those by Bartels (2008b)
and Reichmann (2001). The former research focuses
on mining activity at Straßberg, especially the Glase-
bach mine, while the latter concentrates on the smelting
works around Mägdesprung. In addition, Börner (2009)
and Liessmann (2010) provide an overview of the min-
ing history of the study area and the entire Harz re-
gion, respectively. For the initial list of former settle-
ments, monasteries, and fortifications, the historical as-
sessments of medieval settlements by Schmidt (2000)
and Fütterer (2019) and the toponomastic analyses of
place names by Loga (2020) were used. The study of
Fütterer (2019) has the advantage that it already pro-
vides coordinates for several medieval sites.

ii. Information from old maps (point and areal informa-
tion) has been cross-referenced and integrated into the
database to enhance completeness and geographic ac-
curacy. Maps representing the complete study area or
giving a partial illustration are available dating back to
1539 CE (Fig. 3). For all maps referred to in this study,
further information is provided in Table A1. Except for
the geological map of Prussia, the old maps cannot be
accurately georeferenced and are to be considered more
as sketches of the region (Table A1 and Fig. A1). The to-
pographical map of 1841 shows high inaccuracies, espe-
cially in the river section downstream of Mägdesprung,
where the valley course deviates significantly from the
actual relief (see Fig. A1). Therefore, the old maps pri-
marily extend the database by adding temporal infor-
mation and relative geographic positions to single struc-
tures rather than exact coordinates. The map’s purpose,
whether, for example, to display sovereign borders or
postal route networks, also affects its interpretation.
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Figure 3. Overview of the three different archives and the various sources included therein used to compile the geodatabase of historical and
archaeological objects for the study area. The symbology applies to Figs. 5, 6, and 7.

iii. The categorised areal anthropogenic surface structures
(areal information) are identified and analysed by
Swieder (2021, 2022). This dataset is not limited to
the surface structures typically associated with mining
activity, such as charcoal kiln sites, mining pits, mine
shafts, and artificial water constructions. It also includes
sunken lanes, agricultural terraces, ridges and furrows,
and areas of deserted villages (cf. rectangular icons in
Fig. 3).

4.2 Geological/geomorphological data

In a subsequent step, the individual georeferenced digital
scans of the geological maps of Prussia and its adjacent Ger-
man countries (GK 25) covering the study area have been
vectorised using ArcGIS Pro 3.1.1. This has resulted in de-
tailed information about the lithology for the whole catch-
ment area being made available at a scale of 1 : 25 000. The
primary objectives are threefold: firstly, to identify the pres-
ence, locations, and extent of alluvial sediments, fluvial ter-
races, and peatlands; secondly, to map the several vein struc-
tures; and thirdly, to cross-reference these data with the cata-
logue of the historical sites.

In addition, a relative elevation model (REM) was cre-
ated to display the height difference between any point in
the study area and the nearest river point of the Selke River
(see Coe, 2016). Using this kind of terrain representation,

channel structures (e.g. oxbow lakes, abandoned channels,
mill ponds) and terrace structures can be identified and traced
along the river’s course, supplementing the information from
the geological map. The REM is based on (1) height infor-
mation from a digital elevation model (DEM) with a 1 m res-
olution (LVermGeo, 2022) and (2) the course of the Selke
River’s main channel. For detailed information on the height
accuracy of the DEM, refer to the metadata provided by
LVermGeo (2022). The main channel is extracted from a cal-
culated river network, which is manually corrected if errors
due to bridges, tunnels or artificial water courses occur. All
processing steps to calculate the REM are done in ArcGIS
Pro 3.1.1 using the Topo to Raster tool for the interpolation
and the raster calculator tool to derive the REM raster as the
difference between the DEM and the interpolated river height
raster.

Based on the modified river network, the hydrological
sub-catchments of the study area are delineated. Those sub-
catchments are subordinately grouped into the upper catch-
ment (labelled with A), the upper middle catchment (labelled
with B), and the lower middle catchment (labelled with C).
The further subdivision, preserving the hydrological con-
nectivity, is based on the historical and archaeological data,
whether and to what degree mining and smelting activity oc-
curs, whether artificial water constructions like dams modify
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the river channel, or whether settlement sites indicate inten-
sive land use.

5 Results

5.1 Geology and ore veins

The geological map in Fig. 4 shows the central vein systems
based on the vectorised GK 25 from the 1920s. Spatially, the
ore deposits can be divided into the region of the Straßberg–
Neudorf Vein (A), the Biwende Vein (B), the Harzgerode
district (C, D, E, F) and smaller deposits such as the Brach-
mannsberg (a) and Erichsburg (b) Vein. Figure 4 also lists
the corresponding extracted minerals for the specified veins,
with reference to the information provided by the GK 25
and Stedingk et al. (2016). The minerals of primary impor-
tance for mining purposes were galena for silver exploration,
siderite for iron exploration, chalcopyrite for copper explo-
ration, and pyrite, as well as arsenopyrite for sulfur explo-
ration, in addition to fluorite. However, the mineralisations
are not constant with the vein’s strike direction but are con-
centrated in local zones. Superordinately, the fluorspar min-
eralisation increases to the west of the various vein systems.

Figure 4 highlights the Quaternary sediments in the study
area (cf. coloured outlines). Peat and bog formation areas are
mapped as potential geoarchives due to organic preservation
and are predominantly located at the accumulation zones at
the headwaters (cf. Fig. 4). Along the main channel of the
Selke River, overbank deposits are mapped upstream of Sil-
berhütte and again further downstream of Mägdesprung (cf.
Fig. 4).

5.2 Objects dated pre-1300 CE

Figure 5 displays known settlement structures and records
about mining and smelting activity before 1300 CE. The ear-
liest medieval settlements in the study are primarily located
in the headwaters of the Selke River and its tributaries, as
well as in the plateau areas to the east between Harzgerode
and Meisdorf (cf. Fig. 5). The 10th century marks the onset
of settlement, with a peak in the 11th and 12th centuries. The
slag pieces (S1, S4, S6) and mining pits (M33) are close to
some of the settlements, suggesting the possibility of early
iron smelting activity that is temporally associated with the
settlement periods. The slag piece S5, defined as lead slag,
may indicate early silver smelting (10th–12th centuries). The
locations S3 and M9 correspond to historical records about
bloomeries and silver mines at the Birnbaum site (cf. Sect. 3),
likely from the 13th or 14th century. S2 marks the location
of the soil profile, at which the charcoal dated to the 7th/8th
century was found (cf. Sect. 3).

5.3 Objects for 1300 to 1648 CE

Figure 6 shows the catalogued objects between 1300 and
1648 CE. During this period, the number of documented set-

tlements decreased significantly, and the population concen-
trated in larger settlements (cf. Figs. 5, 6). The earliest his-
torical evidence for almost all mines and smelting sites starts
at the beginning of the 15th century. The periods for explo-
ration and operation of the individual mines and smelting
sites are not identical and are mainly characterised by tem-
porary works (cf. Supplement 1). Eight smelters are assumed
for this period, all located in the valley bottom next to the
Selke River, utilising the hydropower. The smelting activity
is primarily focused on the extraction of silver. A temporary
copper smelter (S17) and a sulfur smelter (S13) are further
known.

5.4 Objects for 1648 to 1990 CE

The Thirty Years’ War (1618 to 1648 CE) marked a signif-
icant event for the study area as all mines were closed, and
smelters were ruinous. Only in the second half of the 17th
century were the first mines were re-opened, but with differ-
ent names (cf. Supplement 1). The locations of the smelters
differ in most cases from the time before the Thirty Years’
War. Exceptions are the sites S8 and S31 (S16) (cf. Fig. 7).
In this period, the three centres for smelting activity devel-
oped: Straßberg (mainly silver), Silberhütte (silver, copper,
sulfur), and Mägdesprung (iron). The smelting of silver be-
gan a few decades later than the smelting of iron, in 1693 and
1646 CE, respectively.

5.5 Relative elevation model and subregions

Figure 8 displays the relief of the whole study area and the
hydrological sub-catchments. Especially for the main chan-
nel of the Selke River, the REM further visualises the ge-
omorphological characteristics, highlighting present chan-
nels and rill structures in dark blue and different floodplain
heights in blueish to greenish colours. Compared with the in-
formation from the topographic maps about the channel pat-
terns in the study area, changes and constants of river features
in the floodplain are visible.

The 11 sub-catchments represent regions of similar geo-
morphological characteristics. Superordinately the three cen-
tral units A, B, and C reflect the change in the dominant
valley type. Unit B represents the narrow valley section (cf.
Sect. 2), while units A and C are characterised by wider val-
ley bottoms. Linking these sub-catchments with the compiled
geodatabase of historical sites, subregions A1, A2, and A6
represent regions of less mining activity. Only a few smelt-
ing sites are known, like Selkenfelde (S1). The downstream
subregions A3, A4, and A5 are characterised by the mining
activity at the Straßberg–Neudorf Vein and Biwende Vein.
Subregions A4 and A5 have been further affected by inten-
sive water flow regulations since the beginning of the 18th
century (see Schulz, 2012). Subregions B1, B2, B3, and B4
are affected by the mining activity at the Harzgerode veins
and the smelting sites around Silberhütte and Mägdesprung.
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