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Man-made heavy metal contamination of floodplains has existed for centuries—even dating
back to the Middle Ages. Up to now, these contaminants have been analyzed with very time-
consuming and costly techniques. Thus, to determine historical heavy metal contamination,
the aim of this study is to link the following approaches to generate better comprehensive and
interdisciplinary understanding of historical land use of the Inde River, Germany: (1) to ana-
lyze anthropogenic heavy metal contamination of fluvial deposits from before ca. 2800 B.C.
onward; (2) to investigate the historical land use by applying archaeobotanical data; and
(3) to weave information from written accounts, in order to indirectly date fluvial deposits. In
this study, heavy metal concentrations were measured in situ using X-ray fluorescence spec-
troscopy. Subsequently, pollen and macroremains dating from the Early Modern Period were
archaeobotanically analyzed. Finally, historical accounts were studied. We found that fluvial
deposits of varying age show distinctly different concentrations of lead, zinc, and copper.
Moreover, the archaeobotanical analyses indicated intensive land use through farming, hus-
bandry, and forestry. Finally, the written accounts described mining activities since the Roman
Period or even before. In conclusion, linking these three interdisciplinary approaches is ideal
for gaining insight into the historical anthropogenic impact on the environment. © 2010 Wiley
Periodicals, Inc.

INTRODUCTION

As floodplain deposits are important sinks for sediments (Thonon, 2006), they
potentially represent rich archives showing how land has been used over the mil-
lennia. Among other things, these sediments contain associated heavy metals
(Hudson-Edwards, Macklin, & Taylor, 1997; Lecce & Pavlowsky, 1997; Middelkoop,
2000; Knox, 2006). The most important source for heavy metal contamination of
sediments is mining activities within the river catchment (Macklin et al., 1994). Thus,
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mining and other human activities over time have left a distinct imprint in the result-
ing pollution from heavy metals such as lead, zinc, and copper. The historical changes
in chemical concentrations as a result of anthropogenic activities can thus be used
for indirect dating of floodplain deposits (Macklin & Klimek, 1992; Lecce & Pavlowsky,
2001). Since post-depositional redistribution of heavy metals is insignificant (Macklin
et al., 1994), fluvial sediments can depict the historical changes in contaminants.
Such contamination can be linked to mining history (Aston, Martin, & Jackson,
1998). Generally, it should be possible to differentiate between conditions before and
after mining pollution. Thus, some authors have been able to date such contami-
nation more precisely and link it to particular fluvial strata (Davies & Lewin, 1974,
Wolfenden & Lewin, 1977; Macklin et al., 1994; Swennen, Van Keer, & De Vos, 1994;
Brewer & Taylor, 1997; Hudson-Edwards, Schell, & Macklin, 1999; Middelkoop,
2000; Raab, Hiirkamp, & Volkel, 2005).

Pollen and other botanical remains provide another means of reconstructing the
environmental changes in a watershed. From the time of initial agricultural settle-
ment (in Central Europe, around 5500 B.C.), human activities predominantly influenced
changes in the vegetation composition (Macaire et al., 2006; Lechterbeck, Kalis, &
Meurers-Balke, 2009). By using the characteristic composition from pollen data, dif-
ferent epochs can be identified. Moreover, these pollen data can help to reconstruct
changes in paleovegetation and land use (Meurers-Balke et al., 1999; Meurers-Balke &
Kalis, 2006; Zimmermann, Meurers-Balke, & Kalis, 2006).

Historical written accounts also provide a wealth of information about land use
over the ages. For example, the polymath Georgius Agricola described contemporary
mining technologies in his most famous treatise De Re Metallica (1556).

The Inde River in Germany (Figure 1) is an ideal location for studying the histori-
cal, anthropogenic impact on the environment. Because this catchment area offered
ample water, rich soils, and dense forests, it drew human settlement to this area as early
as 5500 B.C. Eventually (ca. 100 B.C.), the local population began to mine the raw
materials occurring within the catchment area of the Inde River. For example, calamine
(zinc carbonate, ZnCO,) outcrops were used to produce weapons, household uten-
sils, and jewelry. During the Roman Period (ca. 50 B.C.—A.D. 450) the mining industry
in the Inde River valley, near the city of Stolberg, blossomed (Werner, 1881; Willers, 1907;
Holtz, 1994; Rothenhofer, 2005), with the people supposedly mining calamine and lead.
However, mining of the heavy metals zinc and lead stalled during the subsequent cen-
turies but rebounded during the High Middle Ages (ca. 12th century), with heydays dur-
ing the 18th and 19th centuries (De Vos et al., 1996, Hindel et al., 1996).

Thus, the principal aim of this paper is to determine the historical heavy metal con-
tamination as a result of these activities in the lower river reach of the Inde River.
However, since studies to dates have typically employed a range of techniques with-
out considering their interlinkages, another important objective of this investigation
is to combine the following three approaches to promote a comprehensive and inter-
disciplinary understanding of historical land use, with a specific focus on mining:

1. To analyze anthropogenic heavy metal contamination of fluvial deposits from
ca. 2800 B.C. onward in order to make a potential distinction between over-
bank deposits of varying ages,
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Figure 1. Catchment area of the Inde River. The squares represent the main zinc and lead mines. Generally,

the mining and related processing developed along the Vichtbach River first, followed by the Inde River.
Later, copper mills also used the water power of the lower part of the Wehebach River.

2. To investigate historical land use of the catchment area of the Inde River
employing archaeobotanical data, and

3. To incorporate information from written accounts in order to date fluvial
deposits indirectly and to place the analytical results in the context of the
regional mining history.

GEOGRAPHIC AREA AND METHODS
Regional Setting and Sampling Locations

The investigation was carried out in the Lower Inde Valley (Figures 1, 2) near the
village of Altdorf. The catchment area of the Inde River is located in western Germany
near the borders with Belgium and the Netherlands (Figure 1). Some 54 km from its
source in Belgium, at about 400 m asl, the Inde flows into the Rur River at 80 m asl.
The catchment area covers approximately 350 km?2.
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Figure 2. The Lower Inde valley and the location of the four sampling points. In the northeastern part,
the floodplain of the Inde River meets the floodplain of the Rur River. In general, the Inde floodplain can
be subdivided in older deposits in the eastern and younger deposits in the western part.

The climate in the catchment area is oceanic, with prevailing westerly winds,
characterized by mild winters and mainly cool summers. The annual precipitation
is between 600 and 800 mm, and the mean annual air temperature is 10°C (Glasser,
1978). The average discharge of the Inde River (at the Kirchberg gauging station) is
3.3m? s~ L Under low water conditions, it is 0.46m? s~!, and under flood conditions
it is 45.8 m? s7! (Bezirksregierung Koln, 2007; MUNLYV, 2009).

The upper and middle reaches of the Inde River are part of the northern Eifel
Mountains, with elevations of up to 580 m asl. This southwest-northeast trending
mountain system is part of the NW Rhenohercynian Basin, and is composed of sev-
eral geological units, which are mainly of Paleozoic origin. These units consist of
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Figure 3. Schematic cross section of the Lower Inde valley. Numbers 1-4 are roughly the positions of the
investigated sections. A precise depiction of the geometric relations of the sections (distances A—A' and
B-B') is given in Figure 6.

Cambrian quartzite, shales, and slates in the southern region (De Vos et al., 1996;
Hindel et al., 1996). In the northern part, sedimentary rocks are composed mainly of
lime- and sandstones of the Devonian and Carboniferous (Sindern et al., 2008).
Historically important lead and zinc mines (Figure 1) are commonly associated with
the limestone of the middle and late Devonian eras. Zinc ore is mainly found at a
depth of up to 18 m (Tylecote, 1987). At surface outcrops, zinc converts into calamine
(Gussone, 1964; Mathar & Voigt, 1969; Friedrich, Scheps, & Keyssner, 1986; De Vos
et al., 1996).

As Figures 2 and 3 illustrate, the Lower Inde Valley, as part of the Lower Rhine
Basin, consists of a 1 —km-wide asymmetric floodplain. The Holocene floodplain
sediments are situated on top of the Pleistocene lower terrace, where they are flanked
on both sides by the middle terrace, which is covered by loess sequences (Figure 3).
Due to soil erosion, material is eroded from the loess and accumulated as colluvial
deposits on the footslopes and bottom of the floodplain. According to Schalich (1968,
1981), three different overbank sediment sequences, all rich in silty loam, can be dif-
ferentiated based on morphological, geological, pedological, and historic—cultural
features of these sediments. Schalich concluded that the old overbank sediments
were deposited between 8000 and 6500 B.C. Around 750 B.C., at the beginning of
the Iron Age, the intermediate overbank sediments began to accumulate. The young
overbank sediments started to develop at the beginning of the 19th century and are
limited to small areas on both sides of the river. Generally, the older overbank sed-
iments extend into the eastern part of the floodplain and the younger ones into the
western part, respectively.
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Figure 2 shows the four investigated sections of this floodplain. They are situ-
ated more or less on a west—east transect crossing the Holocene floodplain. The
sediments from the pre-Bronze Age up to those of the Middle Ages (Sections 2 and
3) are located in the southeastern part of the research area. The dating of Section
2 is based on archaeological remains, for example, a sunken pit dated to the
Bronze Age on top of the profile. Section 3 is dated by artifacts. Currently, this part
of the catchment near Giildenberg is dominated by pasture and farmland. Some
former oxbow lakes are still visible in the otherwise relatively flat surface. The sed-
iments of the early Modern Period (Section 1) are situated north of the village of
Altdorf. Situated between a mill channel and the recent river bed, this section is
composed of a former channel covered with floodplain loam and is currently used
for gardens and pasture. The sediments of the 20th century, represented in Section
4, dated by artifacts, are located directly next to the current channel of the Inde
River.

The intermediate and young sediments have often been ignored in studies of
archaeological contexts in the Rhineland. However, these deposits contain extensive
information concerning landscape and environmental evolution. Thus, this study
focuses on Section 1, representing the early Modern Period.

Materials and Methods

Between the recent river and the “Miihlenteich”—a mill leet—a trench of approx-
imately 50 m in length was excavated. In the eastern part of this section, fluvial
deposits of 3.45m thickness (Section 1 in Figure 2), representing the early Modern
Period, were sampled vertically every 5 cm. Altogether 69 samples were analyzed
in Section 1. Sections 2 to 4 (Figure 2) were documented within archaeological
excavations.

Heavy metal concentrations were measured in situ, using a portable X-ray fluo-
rescence spectrometer (FPXRF, Niton XLt 700 series), applying an X-ray tube with
a silver target, for quantitative detection of 22 chemical compounds. Measurement
time was 90 s per sample. To verify the in situ measurements, every second sample
was dried at 40°C, thoroughly ground, and pressed into a tablet. The tablets were
measured with a stationary, energy-dispersive X-ray fluorescence spectrometer
(Spectro, X-Lab 2000) and again with the FPXRF. The verification of the in situ
measurements confirmed reliable results and a stable detection using the field
portable X-ray analyzer for the investigated elements. To evaluate anthropogenic
pollution, we studied selected heavy metals, namely lead, zinc, copper, rubidium,
and strontium. All concentrations of the compared deposits were measured in situ,
with the same devices and procedures previously described.

For grain-size analysis, the samples were air-dried and chemically treated with
0.3ml of 30% H,0, at 70°C for 24 hours to eliminate organic matter. Afterwards, to
keep the particles dispersed, 0.25 ml of Na,P,0, was added to the samples for twelve
hours. The grain-size measurement was conducted with a laser diffraction particle
size analyzer (Beckmann Coulter LS 13 320). This device calculates the average diam-
eters of the particles over a size range of 0.04-2000 um.
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The pH value was recorded using 10 g of each sample, which was placed in an
aluminium crucible, and 25ml of CaCl, was added and stirred. A pH meter (Knick
Labor-pH-Meter, Model 766) was used to measure the pH of the fluid.

Organic carbon content (C_ ) was calculated with the following formula:

org.

org C- Canorg
where the total carbon (C) content was determined on air-dried samples using a
CHNS Analyser (HECAtech EuroEA3000). Inorganic carbon (C__ ) was measured
as calcium carbonate (CaCO,) concentration, which was 12%.

The phosphorus content of the samples was measured by the P, -method, which
determines the total phosphorus (TP) content. For this method, 5 g of sediment were
mixed with 50 ml citric acid, placed in an Erlenmeyer flask, and vibrated on a plate
for 48 hours. A 5ml aliquot of filtrate was mixed with distilled H,0O, to which 0.5ml
sodium sulphate solution and 0.5ml sulphuric acid were added. After heating the
samples at 50°C for six hours in a drying oven, the intensity of the fluid color was
measured using a spectrophotometer (Shimadzu). The soil horizons are described
according to the German soil classification system (AG Boden, 2005).

anorg

Archaeobotanical Analysis and Written Accounts

In the lower part of Section 1, represented by samples 1 to 40, archaeobotanical
investigations were carried out. Chemical preparation of the pollen samples was
based on Faegri and Iversen (1989). For analyzing the macroremains, 14 samples
were sieved (at 2mm, 1 mm, and 0.25mm) using “semi-flotation,” as described by
Hosch and Zibulski (2003).

Finally, for the literature investigation, historical accounts were analyzed from
Werner (1881), Willers (1907), Schwickerath (1954), Schleicher (1956), Friedensburg
and Krengel (1962), Kohlhaas (1965), Schunder (1968), Mathar and Voigt (1969), Eyll
(1971), Holtz (1994), Schreiber and Schreiber (1998), and Rothenhofer (2005).

RESULTS
Comparison of Methods and Definition of Background Levels

Figure 4 shows the results of the different methods of evaluating the heavy metal
concentrations. It depicts, for example, the comparison of the measurement meth-
ods using the results for lead in Section 1. Thresholds within the several measurements
can be explained by differences in water content ¢nter alia (Hiirkamp, Raab, & Volkel,
2009).

The catchment background levels were defined empirically (Matschullat,
Ottenstein, & Reimann 1999). The mean values of the concentrations from overbank
deposits in Section 2 (Table I), accumulated before the Bronze Age, were used to assess
the geological background element concentrations. By further comparison with
Sections 1, 3, and 4, the degree of metal contamination was evaluated (see below).

GEOARCHAEOLOGY: AN INTERNATIONAL JOURNAL, VOL. 25, NO. 6 843
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Figure 4. Box plot of lead concentrations in Section 1, detected with three different measurement meth-
ods. Each time, every second sample was measured. (a) In situ measurements; (b) results of stationary
X-ray analyzer; and (c) tablets, measured with field portable X-ray analyzer. Dotted line indicates median
concentration for each unit; box defined by the lower and upper quartiles of lead; the caps at the end of
each box are the extreme minimum and maximum values.

Sedimentology and Heavy Metal Concentrations

The sediment record of Section 1 (Figure 5) consisted of channel fill covered by
overbank deposits. Here a precise boundary between these layers was not percep-
tible, neither optically nor by grain-size analyses. Due to the changing silt and sand
contents, there was a continuous transition from the channel fill to the floodplain
loam. Apart from samples 45 and 49 (loam and sandy loam, respectively), every sam-
ple consisted of silty loam. Moreover, the channel fill was generally finer with higher
silt content. The channel fill composition reflected slow sedimentation, which is typ-
ical for flooded abandoned river channels.

The pH values (Figure 5) were relatively consistent in their vertical distribution.
With a mean value of 6.2, the pH ranges showed low to average acidity. With the
exception of the uppermost samples (base of the A horizon), the pH values were
within the range of 4.6 to 6.8), in which lead and copper are immobile; zinc is only
slightly mobile here (Herms & Briimmer, 1980).

The total phosphorus (TP) content in Section 1 showed a clear differentiation
between the channel fill and the overbank sediments (Figure 5). The values of the
lower part fluctuated from 630 to 3680 mg kg, whereas the upper part of the pro-
file was characterized by more stable contents on a lower level with a mean value
of around 230 mg kg~!. The channel fill was an anaerobic system with predominant
slack water deposits. High amounts of blue iron ore (Vivianite, Fe,*'[PO,], - 8 H,0)
led to a strong enrichment of TP. Most probably, the lower concentration of TP in the
floodplain was attributed to grain-size effects. In this part the silt value decreased,
whereas the proportion of sand increased. A connection with organic carbon may

844  GEOARCHAEOLOGY: AN INTERNATIONAL JOURNAL, VOL. 25, NO. 6
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Figure 5. Grain sizes, soil parameters, and selected heavy metal concentrations of Section 1. Altogether,
69 samples were analyzed. In the lower part, in the region of the samples 1-40, archaeobotanical samples
were removed. Key: aAh = A horizon; aM = laminated alluvium; aGo = gleyic, oxidized; aGok = gleyic,
oxidized with concretions; aGro = gleyic, reduced, predominently oxidized; aGr = gleyic, reduced; =

org

organic carbon in weight per cent; TP = total phosphorous; Pb = lead, Zn = zinc; Cu = copper, the last
four elements are given in mg kg .

be insignificant, in as much as the increase in organic carbon (for example, in sam-
ples 48 to 50) did not lead to higher TP values. However, after assessing the TP levels
and the specific conditions of the deposits, no conclusion could be drawn regarding
former land-use intensities.

The concentration of organic carbon (C,; Figure 5) followed a pattern similar to
the TP. Here, the channel fill was rich in humus, with values ranged from 2.7 to 5.6%
by weight. The elevated values of samples 44 to 52 were notable. The increase in
C,, levels in the upper part of Section 1 originated from soil material added through
erosion and recent bioturbation. In general, both the TP and C,, parameters showed
a more or less similar trend, as might be expected. The values of the channel fill
were higher than those of the overbank sediments, with a mean value of TP of ca.
1530 mg kg~ '% compared to 210 mg kg ! and mean values of 4% by weight to 2.8% by
weight for C_ .

Figure 5 shows the vertical distribution of lead, zinc, and copper in Section 1. The
fluctuations principally mirrored the sedimentation conditions of the internal pro-
file. There were no clear stratigraphic features in this section. The chronological
resolution was generated by comparing with the other sections.
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Figure 6. Geometric relations and stratigraphies of the four investigated Sections. A-A'is situated in the
northwestern part of the lower Inde valley, B-B' in the southeastern part. Between these two sections is
a north-south distance of approximately 800 meters.

The geometric relations and profile structures of the other sections are summa-
rized in Figure 6. Sections 2 and 3 had the same stratigraphy as Section 1, in contrast
to Section 4, which was composed of laminated fluvial sediments. The channel fill
in the Sections 1-3 was covered with overbank sediments. Figure 7 depicts the vari-
ations in grain size, although silty loams dominate. The lower parts of the profiles
had a typically finer grain size than the upper part of the deposits. Table II gives an
overview of the results of pH, TP, and C__.

The relative distribution of strontium, rubidium, lead, zinc, and copper within
Sections 2—4 was similar to the distribution in Section 1, even though with different
absolute total values. The exception was copper, which could not be detected in
pre-Bronze Age sediments in Section 2 (Table I).

Compared with the geologic background, given in Section 2, lead showed a five-
fold enrichment in medieval, compared to 6.5 times higher in (early) modern sedi-
ments and more than 16 times higher in deposits of the 20th century. Zinc showed a
similar but less marked behavior, with enrichment values of 1.7, 4.2, and 9 times in
the three periods, respectively. Copper could not be detected in the natural back-
ground. For the investigated sediment deposits, input started in the Middle Ages and
was 4.8 times higher by the 20th century. The geologic elements strontium and rubid-
ium (Herms & Briimmer, 1980) behaved more or less similarly during the different
time periods. They were not enriched by human activity. The small variations might
possibly be explained by the slight grain-size differences in the different sections. The
constant values of strontium and rubidium made the contamination with lead, zinc,
and copper with increasing human pollution obvious.

GEOARCHAEOLOGY: AN INTERNATIONAL JOURNAL, VOL. 25, NO. 6 847
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Figure 7. Triangular plot of the grain-size distributions of the four sections. At the bottom, the enlargement
of the silty loam and silt areas is shown.

Table II. Laboratory results of the four sections. The mean pH values show more or less a similar marked-
ness, while the organic carbon and total phosphorus contain clear differences within the deposits of dif-
ferent ages.

pH Core (WL %) TP (mg kg™)
Min-Max (0] Min-Max @ Min-Max (0]
Pre-Bronze Age (39) Sect. 2 5.3-7.3 6.6 0.2-2.1 0.7 100-2051 559

High to late Middle Ages (20) Sect. 3 3.8-7.2 5.9 0.5-3.5 1.5 37-1321 215
(Early) Modern Period (69) Sect. 1 4.6-6.8 6.2 0.8-4.7 2.1 82-3681 937
20th century (54) Sect. 4 2.9-7.3 6.7 2.1-8.3 4.3 217-1558* T21%
Numbers in parens = number of sediment samples; Min = minimum value; Max = maximum value,

@ = average.
* Every second sample.

Archaeobotany

The pollen diagram in Figure 8 shows the presence of 24 pollen types in Section 1.
Particularly noticeable is the high amount of non-arboreal pollen (NAP) and cereal
pollen. High values of Poaceae (grasses), Plantago lanceolata (ribwort plantain),
and Trifolium pratense (red clover) suggests the importance of animal husbandry
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just nearby. Cereal pollen is most likely to have originated from arable land on the
elevated loess area. The arboreal pollen spectra were dominated by Quercus (oak),
followed by Fagus (beech), Corylus (hazel), and Pinus (pine). The local vegetation
was represented by Potamogeton (pondweed) and Salix (willow), and numerous
leaves and fruits of both were also detected.

Mining History

After small-scale mining during the Roman Period and probably during the early
Middle Ages, the exploitation of calamine in the catchment area resulted in increased
mining activity. By studying the historical evidence of mining in the catchment area,
it is known that at the end of the 16th century, brass makers from Aachen moved to
Stolberg. Different reasons were decisive for the new intensive settlement along the
rivers Inde and Vicht. Besides economic reasons, the predominantly Protestant
tradesmen could practice their religion freely (Schleicher, 1956; Eyll, 1971; Holtz,
1994), which marked the beginning of the blossoming brass industry in the Inde
catchment area. Up to A.D. 1650, the brass industry of Stolberg monopolized other
industries (Mathar & Voigt, 1969). In addition, the majority of copper mills were built
during the 17th century (Schleicher, 1956).

At the beginning of the 19th century, it was possible to smelt sphalerite (zinc sul-
fide, ZnS) directly for the first time (e.g., Hindel et al., 1996). The first working zinc
smelter started in Stolberg in 1819 (Friedensburg & Krengel, 1962; Holtz, 1994),
heralding a giant leap forward for the brass industry in the Stolberg region.

DISCUSSION
Element Concentrations in Sediment Deposits of Different Ages

The anthropogenic elements lead, zinc, and copper could be directly related to the
local historical mining of lead and zinc, as well as the brass industry. The lack of
copper in the background samples and also its increase in the young sediments could
be explained by the import of copper for the brass industry. The concentrations of
lead, zinc, and copper in Section 1 were high compared to those in Section 2 (geo-
logic concentrations, not anthropogenically influenced) as well as in Section 3
(medieval sediments). Due to mining during the high and late Middle Ages (ca. A.D.
1200 onward), an anthropogenic enrichment was apparent in the corresponding
deposits. Based on the higher concentrations in Section 1, it is suggested that these
sediments must be younger than the medieval sediments. It is likely that these sed-
iments were deposited around the beginning of the blossoming brass industry in the
Inde catchment, as reflected by the degree of contamination. Nevertheless, the con-
centrations in Section 1 did not reach the values of the highly contaminated sediments
of the 20th century in Section 4 (Table I). Thus, the main sedimentation in Section 1
probably stopped before the middle of the 19th century. Due to the technical inno-
vation in zinc mining and processing, a concomitant detectable increase in envi-
ronmental pollution by zinc would be expected from this time. However, a rapid rise
of the zinc values was not visible in Section 1.
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Figure 9. Box plot of zinc concentrations in the four sections. Within these time spans, three main
changes in mining history led to increasing zinc values with diminishing age: (1) Medieval extension of
mining; (2) heydays of mining and brass industry due to strengthened settlement of moved copper millers
from Aachen; and (3) technological change and industrialization. Symbols are as in Figure 4.

The comparison of the heavy metal content in the overbank deposits of different
ages gaves an estimation of the degree of contamination during the individual min-
ing phases in the Lower Inde Valley. The historical written accounts helped to fit the
deposits into a chronology. Changes in lead, zinc, and copper contents reflected
the pollution caused by mining in the catchment area. The Roman Period was not rec-
ognizable within the floodplain sediments investigated. However, the medieval and
following mining periods were active enough to leave individual stamps in the over-
bank deposits. Figure 9 summarizes, as an example, three main phases of calamine
and zinc mining,.

Land-Use Interpretation

To understand more about the land-use consequences of the mining history, the
pollen record was used to reconstruct the former vegetation cover and land use for
the early Modern Period. The pollen record (Figure 8) in Section 1 was dominated
by NAP, species characteristic of meadows and water plants. The high amount of
Potamogeton, in particular in the lower half of the analyzed samples, pointed to the fact
that the water was stagnant or slowly moving, as also seen in the sedimentology. It is
quite likely that Section 1 represents a former channel (oxbow lake) silting up.

Species such as Nymphaea alba and Myriophyllum verticillatum indicate the
eutrophication of the stretch of water. The increased nutritient content could
be explained by the practice of husbandry in the surroundings, as reflected also by the
high amount of dung spores in the section. Both grass and cereal pollen were indica-
tive of a landscape similar to that which is documented on the Tranchot and Miiffling
map of 1801-1807: pasture land was dominant within the floodplain zone, and arable
land was situated on the elevated loess areas (Figure 10). The loess-covered areas
in the lower catchment of the Inde River were almost free of forest. The recorded
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Figure 10. Reconstruction of land use at the lower Inde valley. The drawing partly follows the map of
Tranchot and Miiffling (1810). The elevated loess sites as well as drier parts of the floodplain were used
for farming. Within the floodplain, animal husbandry dominated.

arboreal pollen was mainly transported by the Inde tributaries or by wind from the
Eifel Mountains and their foothills.

Although the composition of the pollen record is influenced by diverse factors
such as transport, sedimentation, and overrepresentation of the local vegetation
(Lechterbeck, Kalis, & Meurers-Balke, 2009), the low proportion of arboreal pollen
reflects the open land in the catchment area. Low values of AP also provide a chronos-
tratigraphical classification of the deposits. The openness of the landscape could
be linked to the historically described overutilization of the forests in the Eifel
Mountains. Even by the 16th century, the requirement for charcoal caused an intense
use of the forest. Due to the neglect of the forest, Duke Wilhelm V investigated the
state of the forests through a commission in 1556 (Schreiber & Schreiber, 1998).
Before the first half of the 18th century, there was forest in the neighborhood of
the mine sites, and its wood was sufficient as fuel for the smelters, especially for
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the smelting and processing of the ores. After this time, the population of trees, espe-
cially beech trees, was exhausted. Moreover, the intense use and rapid deforestation
caused a bitter conflict between several mine owners, and there was a possibility that
smelting would stop because of the lack of charcoal (Kohlhaas, 1965; Mathar & Voigt,
1969; Schreiber & Schreiber, 1998). The historical tradition could be correlated to the
decreasing amounts of beech trees in the pollen record, which decrease to as little
as 1% in some parts of the profile.

The pollen record also supports the theory that the sedimentation in Section 1
ceased before the middle of the 19th century. At this time, the Prussian forestation
of the Eifel Mountains began (Schwickerath, 1954). However, no phase of foresta-
tion was discernible within the pollen data in this section. Both pollen data and
heavy metal concentrations reflected different parts of the former land use and its
influence on the environment. To some extent, individual land uses were connected.
For example, mining activities affected the natural resources, such the decreasing
spread of forests.

CONCLUSION

Since the high and late Middle Ages (ca. A.D. 1200 onward), there was a profound
increase in the contamination of fluvial sediments with zinc, lead, and copper.
Moreover, the intense deforestation in the early Modern Period, as supported by the
aforementioned archaeobotanical data, was attributed to ore processing, for which
considerable amounts of wood were needed to fire the smelters. Furthermore, the
archaeobotanical results of our study indicate that husbandry and farming were
the most important historical human activities in the Lower Inde Valley.

As taken from written accounts, the increasing zinc pollution of the fluvial sedi-
ments can be categorized into three main mining phases:

1. Arecovering mining period during the Middle Ages,
2. Amigratory period during which brass makers from Aachen moved to Stolberg, and
3. A technical phase when zinc smelting was possible.

Consequently, our study indicates that all the three interdisciplinary approaches
used—that is, empirical chemical analysis of sediments, archaeobotanical analysis,
and literary analysis—can be interlinked to generate a comprehensive understand-
ing of historical land use.

In addition, we were able to show that the use of portable field X-ray fluorescence
spectrometer is not only useful for assessing the contamination degrees of contami-
nated sediment deposits for remediation measures (Piorek, 1994; Kalnicky & Singhvi,
2001; Vanhoof, Corthouts, & Tirez, 2004), but also is a useful application to answer and
address geoarchaeological and montanarchaeological questions and issues.
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