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Abstract

The formation of  acid drainage in the abandoned polymetallic sulfide ore mine of  Freiberg, Saxony contributes high concentrations
of  sulfate, arsenic, and heavy metals (Zn, Cd, and Pb) to the Mulde and Triebisch/Elbe Rivers. Former and current studies are
based on a more than 33 year long monitoring (5/1970-8/2003), which consists of  several investigations and time series. The main
goals of  the study were the examination and quantification of  the processes of  mobilisation, transport, and re-fixation of  these
pollutants, and their enrichment in mine water over several levels in the unflooded and flooded parts of  the mine. Quantity and
quality of  the input seepage water, ground water, and the mixed mine water at the outfall of  the flooded mine workings were
estimated and a flow model of  mine water in the shaft was developed. Mass and element balance calculations (e.g. sulfate, Zn, Na,
and Cl) suggest the influx of  tailings-influenced seepage water into the flooded part of  the mine along the upper levels. Water
quality at the outfall significantly improved after the mine was partly flooded in 1971, but the improvement has slowed down
considerably since the mid-1990s. Therefore, contaminant concentrations are not expected to decrease significantly during the next
decades. In contrast to 1982 and 1997, in 2001/2002, physico-chemical parameters and contaminant concentrations showed little
variations in all depths of  the flooded shaft. This implies fairly good mixing of  the chemically very different influx waters in the
flooded part of  the mine before the water enters the shaft. Flow measurements also suggest an upward flow along the entire shaft
and indicate lateral flow at distinct levels.

Zusammenfassung

Die Grubenwässer aus dem Zentralteil der stillgelegten polymetallischen Erzlagerstätte Freiberg sind eine signifikante Quelle für
die Sulfat, Arsen- und Schwermetallbelastung (Zn, Cd, und Pb) des Muldeflußsystems und des deutschen Abschnittes der Elbe.
Die Untersuchungen beruhen u. a. auf  einem über 33 Jahre laufenden Langzeit-Monitoring (5/1970-8/2003), das sich aus mehre-
ren Untersuchungen und Zeitreihen zusammensetzt. Die Hauptziele dieser Arbeit sind die Untersuchungen der wesentlichen
Vorgänge der Elementmobilisierung, des Transportes und der Refixierung dieser Kontaminanten und deren Anreicherung in
Grubenwässern in verschiedenen Teufenniveaus im ungefluteten und gefluteten Bereich der Grube. Hierfür wurden Wasser-
proben von Sicker- und Grundwasser sowie Mischwasser am Überlauf  des Grubensystems (Schacht Reiche Zeche) analysiert,
Wassermengen abgeschätzt sowie Messungen der Strömungsverhältnisse im Schacht durchgeführt. Massen- und Stoffbilanzen
(z. B. Zn, Na, and Cl) deuten auf  den Eintrag von tailings-beeinflussten Sickerwässern in dem gefluteten Teil der Grube entlang
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der oberen Sohlenniveaus hin. Die Wasserqualität am Überlauf  verbesserte sich nach Teilflutung der Grube 1971 signifikant. Die
Schwermetallgehalte nahmen ab. Seit Mitte der 90er Jahre sind nur noch geringfügige Veränderungen zu beobachten. Eine signifi-
kante Verbesserung der Wasserqualität ist in den nächsten Dekaden deshalb nicht zu erwarten. Bei Messungen im gefluteten
Reiche-Zeche-Schacht zeigten Messungen der physiko-chemischen Parameter und der Schwermetallbelastung im Gegensatz zu
1982 und 1997 in den Jahren 2001/2002 kaum teufenabhängige Schwankungen. Dies weist auf  eine intensive Mischung der in den
Flutungsraum eingetragenen chemisch sehr unterschiedlichen Wässer hin. Messungen von Fließrichtungen und -geschwindigkeiten
im Reiche-Zeche-Schacht weisen auf  ein Aufströmen im gesamten Schacht und auf  horizontale Zu- bzw. Abströme auf  bestimm-
ten Niveaus hin.

1. Introduction

The Freiberg polymetallic sulfide ore deposit is situated
between Dresden and Chemnitz in Saxony, Germany. It
is one of  the largest vein ore deposits in the world, with
more than 30 km N–S extension and more than 1,100
known ore veins. Mining was focused on sulfides such as
sphalerite, galena, chalcopyrite, and pyrite, primarily pro-
ducing Zn, Pb, As, Cu, Ag, and sulfuric acid. The ore
mineralisation formed during the Late-variscian and the
Post-variscian phase occurs in steeply dipping ore veins
of  variable orientations, bedded into gneissic wall rock
(BAUMANN et al. 2000). The Freiberg mine can be con-
sidered as a typical abandoned sulfide mine.

In the central part of  the Freiberg deposit (Fig. 1), 800
years of  nearly continuous mining to maximum depths of
740 m have created cavities of  more than 3.5 million m3.
Between 1968 and 1971, 2.6 million m3 of  mine workings
were flooded up to the level of  the deepest main adit, the
Rothschönberger Stolln, at a depth of  about 225 m below
the surface. After emerging in the Reiche Zeche shaft at
the level of  the Rothschönberger Stolln, the mine water
mixes with other drainage water and discharges via the
Triebisch River into the Elbe River. Another 3.6 m3/min
of  mine water drains from the upper unflooded part of
the mine via several smaller upper adits into the Mulde
River without entering the flooded workings (Fig. 2). Via
its three major adits (Rothschönberger Stolln, Hauptstolln
Umbruch, Verträgliche Gesellschaft Stolln), the central
Freiberg deposit alone yields annually approximately 71 t
of  Zn, 0.53 t of  Cd, 0.19 t of  As, and 0.17 t of  Pb to the
Mulde (BEUGE et al. 1999) and Triebisch/Elbe Rivers.
The Freiberg deposit contributes 37 % of  the Zn and 5 %
of  the Cd contamination of  the Elbe River (MARTIN et al.
1994).

This study continues a long-term monitoring of  more
than 33 years (in total) starting in 1970 with data on water
chemistry of  the flooding water in the shaft and ending
one year after the flood in August 2002. In the course of
about 8 years (1995-2003) an extensive hydroche-
mical monitoring at the outfall of  the central Freiberg
mine together with depth profile and hydraulic measure-
ments in the flooded shaft were carried out. In the past,
numerous papers have been published, mainly on various

small-scale geochemical processes in water, rock and sedi-
ment in the flooded and unflooded part of  the mine. On
this basis, the major objective of  this paper is to show
the interaction of  such micro- and macro-processes and
their importance for the long-lasting high level con-
taminant output in a typical abandoned sulfide vein ore
mine. These processes include contaminant mobilisation,
transport, mixing, and re-fixation within the mine, as well
as the final discharge of  the contaminants via adits and
tributaries into the Elbe River. Data interpretation in
connection with the results of  water quality measurements
in the unflooded part of  the mine suggest possible
hydraulic connections to other contaminant sources and
lead to an evaluation of  the contaminant potential of  this
abandoned sulfide ore mine. Due to the complexity of
the objective, this paper intensively interlocks already
published data (KATZWEDEL 1982, PETER 1983, BAACKE
2000, BAACKE & DEGNER 2000) with new results leading
to a new description of  the processes in the Freiberg
mine.

2. Geological and hydrogeological back-
ground: water types and mass balance

The central Freiberg deposit covers an area of  23.7 km2

(Fig. 1) with a corresponding catchment area of  about
34 km2 without the Morgenstern mine. The average
ground water recharge rate can be calculated to be
3.2 L/(s·km2) with the methods and data of KRAFT
& SCHRÄBER (1982), RÖSNER (1987), and BERRIOS
(1995), providing ground water formation rates in the
range between 2.1 and 3.5 L/(s*km2) (KOLITSCH 1997).
The potential ground water volumes for the catchment
area of  the central Freiberg mine are 6.6 m3/min
(4.3–7.2 m3/min). Measurements in the mine and at the
outfall (the only discharge point of  water from the
flooded workings) as well as historical data from the time
of  mining (CHRONIK 1973) suggest an input and
corresponding output of  about 2 m3/min of  ground and
seepage water each.

Based on a hydrogeological analysis of  the mining area
and mass balance calculations, water types can be dis-
tinguished according to water genesis and migration paths,


