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abstract
In many natural and anthropogenically affected environments, alteration of galena produces thermodynamically more stable secondary lead phases. These secondary minerals control the mobility
of the toxic heavy metal lead in water. These textural, paragenetic, and stability relations have not
been investigated in detail in the literature yet. An extensive petrographic study of 41 thin sections
of weathered, zoned galena and adjacent country rock from the Schwarzwald mining area, southwest
and sequences of stable secondary mineral assemblages were predicted.
The most common secondary (supergene) lead minerals of interest here are cerussite, anglesite,
and pyromorphite group minerals (PyGM; pyromorphite, mimetite, and vanadinite). These lead phases
show a spatially well-ordered zoned texture around the preexisting/relic galena. Cerussite and anglesite
commonly occur either as in situ replacement of galena and/or as euhedral crystals in cavities of former,
partially dissolved galena. The PyGM are present either as crusts around the margin of the former/relic
persist as a perimorphose. Hence, a spatially and temporally zoning texture is formed.
temperature, pH, variable PCO2, phosphorous contents and/or different mineral reactions on the sequence
of formation and stability of the secondary lead phases. Already small changes in one or more of these
parameters can lead to different mineral assemblages or sequences of secondary lead minerals. Over
almost the whole relevant pH range, PyGM are the most stable lead phases, precipitating at very low
ion activities explaining their textural position. Whether cerussite or anglesite forms, depends mainly
-

As a further step, the time span for the formation of a natural millimeter-thick pyromorphite crust
millimeter-thick pyromorphite crusts can be formed in few tens to about hundred years, which is in
agreement with observations in the nature.
In this study, a framework for predicting stable secondary lead mineral assemblages and textures
and mobilization of lead in systems around contaminated sites or natural ore deposits.
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introduction
In lead-bearing ore deposits galena (PbS) is the most common
sulfide mineral (e.g., Huff and Lovering 1976; Acero et al. 2007).
If galena is exposed to near-surface oxidizing conditions, supergene weathering leads to the formation of thermodynamically
more stable secondary lead phases (Park and MacDiarmid 1975;
Ruby et al. 1994; Reichert 2007). Depending on the fluid chemistry, anglesite (PbSO4), cerussite (PbCO3), the pyromorphite
group minerals [PyGM; pyromorphite (Pb5(PO4)3Cl) mimetite
(Pb5(AsO4)3Cl),vanadinite (Pb5(VO4)3Cl)] or other, more rare
* E-mail: maximilian-felix.keim@uni-tuebingen.de
0003-004X/15/0007–1584$05.00/DOI: http://dx.doi.org/10.2138/am-2015-5183

secondary minerals, are formed (Ruby et al. 1994).
The release of the toxic heavy metal lead into a fluid is controlled by the stability of galena and the secondary lead minerals
that are formed during its decomposition (Basta and McGowen
2004). Much is known about galena weathering mechanisms
under different chemical conditions (e.g., Zhang and Ryan 1999;
Gerson and O’Dea 2003; Mikhlin et al. 2006; Acero et al. 2007;
Lara et al. 2011). Experiments from Cama et al. (2005) and De
Giudici et al. (2005) show that dissolution rates are highest at
low-pH conditions. Other studies report the enhanced rates of
galena dissolution and secondary mineral formation caused by
bacterial activity (Bang et al. 1995; Garcia et al. 1995). Anglesite
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