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Iron-rich precipitates in a mine drainage environment: Influence of pH on mineralogy
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ABSTRACT
Ochreous precipitates deposited by waters draining a sulfide-rich lignite seam exposed in an abandoned mine in the Czech Republic show marked variations in color and mineralogy as a function of
effluent pH. When initially formed under acidic (pH 3.7) conditions, the precipitates are orange in
color and their mineralogy is dominated by schwertmannite. Following confluence with alkaline (pH
8.3) waters that have not been affected by mine drainage, the effluent pH rises to 7.3, the color changes
abruptly to reddish-brown, and the principal precipitate mineral is a two-line ferrihydrite. This change
in mineralogy and the associated variation in color can thus serve as direct indicators of the genetic
environments under which the minerals were formed.

INTRODUCTION
Pyrite and marcasite are common ancillary minerals in lignites, coals, and associated rocks. Their proportions can vary
widely. When pyrite and marcasite are exposed to the ambient
atmosphere, both iron and sulfur will eventually oxidize. Bulk
reactions such as 4FeS2 + 15O2 + 10H2O Æ 4FeOOH + 8H2SO4
indicate that this process ultimately leads to a prolific release
of sulfuric acid and the formation of ochreous Fe3+-bearing precipitates. Pyrite and marcasite associated with lignites and coals
commonly exist as small particles or framboids that have large
surface areas and are therefore particularly susceptible to weathering. Even then the abiotic oxidation of Fe2+ under acid (pH £
4.5) conditions is extremely slow, but acidophilic bacteria such
as Acidithiobacillus (previously Thiobacillus; Kelly and Wood
2000) ferrooxidans, which are often present in acid drainage
environments, can speed this process up by several orders of
magnitude. Precipitation of Fe3+ oxides and related minerals
from Fe2+-bearing solutions can also take place in near-neutral
or even alkaline environments if the acid generated by the oxidation of pyrite is significantly diluted or neutralized.
Identification of some of the most common secondary minerals produced by mine drainage is complicated by their inherently poor crystallinity. Examples of such minerals that
invariably occur in particles close to or below 10 nm in size
are ferrihydrite, Fe 5 HO 8 ·4H 2 O, and schwertmannite,
Fe8O8(OH)6SO4 (Bigham et al. 1990, 1992, 1994; Murad et al.
1994). Because these minerals have variable compositions and
poor crystallinity, they are difficult to identify and have commonly been labeled with simplistic to erroneous designations
such as “amorphous iron oxide,” “ferric hydroxide,” or
“Fe(OH)3.” The yellow to reddish-brown colors of the ochreous precipitates can serve to indicate the presence of oxidation
products of pyrite and other iron sulfides in the field, but instrumental techniques such as Mössbauer spectroscopy or Xray diffraction using slow step-scanning (Murad et al. 1994)
* E-mail: enver.murad@gla.bayern.de
0003-004X/03/1112–1915$05.00

are necessary for an unequivocal identification of the mineral
species.

GEOLOGICAL SETTING
The Sokolov Basin (Czech Republic) is part of the Eger
Rift that was strongly rifted into numerous horsts and grabens
(Rojík et al. 1998). The development of the Sokolov Basin was
accompanied by extensive alkaline volcanism and hydrothermal activity. The Tertiary volcanosedimentary complex of the
Sokolov Basin is up to 350 m thick and contains three extractable lignite seams: Josef, of Oligocene age, and Anežka and
Antonín, of Miocene age. The basement of the basin consists
of a crystalline complex and granites of a Hercynian mountain
belt that has undergone major denudation since the Permian,
with kaolinitic weathering during the Cretaceous and Paleogene.
In the Sokolov Basin, mining for bituminous slates at the
rims of lignite seams, which are extremely rich in pyrite and
marcasite, was initiated in 1642 for the production of vitriol,
alum, and sulfuric acid. Extraction of lignite for combustion
began in 1793. From 1870 large-scale underground and surface mining operations attracted numerous industries and economic development, but eventually led to considerable
environmental problems in the region. Lignite presently mined
from the Antonín seam in the deeper part of the basin has significantly less sulfur. Its mean sulfur concentration is less than
1% (Fraus 1999), so that carbonate-rich country rocks largely
neutralize the acidity generated by sulfide oxidation.
The abandoned Lomnice pit, which was mined from 1983
to 1994, is situated in a shallow fault block in the marginal part
of the lignite-bearing basin. During the Pliocene to Pleistocene
compression phase, the Lomnice area was strongly folded and
faulted, and the uplifted rocks have consequently undergone
intensive fracturing and weathering (Fig. 1). The mean sulfur
content of the Antonín lignite seam is 5.6% at this locality.
Sulfide oxidation and acid leaching of lignite have led to an
increased mobility of ions and precipitation of humboldtine,
FeC2O2·2H2O (Rezek et al. 1988) and younger generations of
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