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aBstraCt

The mineralogical composition of mining wastes deposited in voluminous tailing impoundments 
around the world is the key factor that controls retention and release of pollutants. Here we report a 
detailed mineralogical, geochemical, and microbiological investigation of two tailing impoundments 
near the town of Pezinok, Slovakia. The primary objective of this study was the mineralogy that 
formed in the impoundment after the deposition of the tailings (so-called tertiary minerals). Tertiary 
minerals include oxyhydroxides of Fe, Sb, As, Ca and are present as grains and as rims on primary ore 
minerals. X-ray microdiffraction data show that the iron oxyhydroxides with abundant As are X-ray 
amorphous. The limiting (lowest) Fe/As (wt/wt%) ratio in this material is 1.5; beyond this ratio, the 
hydrous ferric oxide does not retain arsenic. The grains with less As and little to moderate amounts 
of Sb are goethite; the grains where Sb dominates over Fe are poorly crystalline tripuhyite (FeSbO4). 
Even the most heavily contaminated samples (up to 29 wt% As2O5) are populated with diverse com-
munities of microorganisms including typical arsenic-resistant heterotrophic species as well as iron 
reducers and sulfur oxidizers. Several recovered clones cluster within phylogenetic groups that are 
solely based on environmental sequences and do not contain a single cultivated species, thus calling 
for more work on such extreme environments.
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introduCtion

The mineralogical composition of mining wastes deposited 
in voluminous tailing impoundments around the world is the key 
factor that controls retention and release of pollutants. Waste 
with small amounts of pollutant stored in labile species is of 
more concern than a waste reservoir with higher amounts of 
inert pollutants. Assessments of waste behavior by bulk chemi-
cal analysis (Filippi et al. 2004), sequential extraction (Goh and 
Lim 2005), or spectroscopy (Paktunc et al. 2003; Cances et al. 
2005) address this point but are not specific enough to define 
the phase(s) that control pollutant mobility. Detailed studies of 
the mineralogical composition of mine waste (e.g., Walker et al. 
2005) document the mineralogical richness of these materials 
and may not only help in designing better remediation strate-
gies, but also in explaining the results of bulk studies. Although 
minerals are mostly considered as the products of inorganic 
processes, the role of microorganisms in the destruction and 
creation of minerals in weathering processes is now widely 
recognized (Kornhauser 2007). The competition, interplay, and 
consonance of the inorganic and biological pathways of mineral 

transformations should be examined and tested to determine 
which process is dominant.

Antimony is mined mostly from hydrothermal ores where the 
mineral stibnite (Sb2S3) usually dominates (Fowler and Goering 
1991). Other primary Sb sulfides, such as berthierite (FeSb2S4), 
gudmundite (FeSbS), or sulfosalts may be present in smaller 
amounts. In hydrothermal ores, antimony may be present in 
appreciable amounts even if it is not targeted as the element of 
interest (e.g., in tetrahedrite) and, therefore, will be included in 
ore processing and disposal of waste. If exposed to the ambient 
atmosphere, the primary Sb sulfides give way to a limited number 
of Sb-bearing secondary minerals stibiconite [Sb3+Sb5+

2 O6(OH)], 
kermesite (Sb2S2O), valentinite and senarmontite (Sb2O3), and 
cervantite (Sb3+Sb5+O4). In tailing impoundments, the primary or 
secondary minerals can be converted to tertiary minerals typical 
for these settings.

Secondary Sb oxidic minerals are known from several locali-
ties (Aral 1989; Meden et al. 1993; Szakall et al. 2000; Wilson 
et al. 2004; Filella et al. 2009b). These secondary minerals are 
usually identified by the means of optical microscopy, X-ray 
diffraction (XRD), or electron microprobe analyses (EMPA). 
Environmental mobility of Sb at these sites has been evaluated 
using various sequential leaching protocols or dissolution studies * E-mail: Juraj.Majzlan@uni-jena.de


