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abstract

In the present study, experiments in non-saturated leaching columns were conducted to char-
acterize the neoformed phases that precipitate at the interface between two waste residues having 
different chemical characteristics: an acid mine drainage producer residue (i.e., pyritic sludge) and 
an acidity neutralizer residue (i.e., coal combustion fly ash). A heating source was placed on top of 
one of the columns to accelerate oxidation and precipitation of newly formed phases, and thus, to 
observe longer-scale processes. When both residues are deposited together, the resulting leachates 
are characterized by alkaline pH, and low sulfate and metal concentrations. Two mechanisms help to 
improve the quality of the leachates. Over short-time scales, the leaching of pyrite at high pH (as a 
consequence of fly ash addition) favors the precipitation of ferrihydrite, encapsulating the pyrite grains 
and attenuating the oxidation process. Over longer time scales, a hardpan is promoted at the interface 
between both residues due to the precipitation of ferrihydrite, jarosite, and a Ca phase—gypsum or 
aragonite, depending on carbonate ion activity. Geochemical modeling of leachates using PHREEQC 
software predicted supersaturation in the observed minerals. The development of a relatively rigid 
crust at the interface favors the isolation of the mining waste from weathering processes, helped by 
the cementation of fly ash owing to aragonite precipitation, which ensures total isolation and neutral-
ization of the mine residues.
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IntroductIon

The mining industry is one of the largest anthropogenic pro-
ducers of waste residues (ICOLD 1996). Mining wastes from 
sulfide ore are potentially hazardous as they cause landscape 
deterioration, and their oxidation generates an extremely acidic 
drainage that contains high concentrations of sulfate, metals, 
and metalloids, known as acid mine drainage (AMD) (Lowson 
1982; Parker and Robertson 1999; Younger et al. 2002). The 
Iberian Pyrite Belt (IPB), located in the southwestern part of the 
Iberian Peninsula, is one of the largest metallogenic provinces 
of massive sulfides in the world with original reserves of over 
1700 Mt (Sáez et al. 1999) and represents a clear example of an 
AMD-affected landscape.

The continuous mining-metallurgical activity in the IPB dates 
back to the calcolithic period and has been especially intense 
since the industrial revolution (Nocete et al. 2005). Despite the 
current European legislation concerning the management of min-
ing wastes, the huge amount of sulfide waste from IPB mining 
activity, which today has almost completely ceased, has not yet 
been regulated. The acid leachates, rich in metals, are drained 

by the fluvial system of the region (i.e., the Tinto and Odiel 
rivers), causing its total pollution. The pollutant load is carried 
to the Estuary of Huelva, where a significant part settles. The 
rest is distributed along the Gulf of Cádiz in the Atlantic Ocean 
(Elbaz-Poulichet et al. 2001; Olías et al. 2006; Cánovas et al. 
2007; Nieto et al. 2007). This pollution has caused the extinction 
of the aquatic life of these rivers, with the exception of some 
acidophilic microorganisms, and is producing serious biologic 
imbalances in fish and bivalve molluscs from the estuarine en-
vironment (Rodríguez-Ariza et al. 1992, 1993; Sarasquete et al. 
1997; Funes et al. 2006).

During the last decades numerous techniques have been 
developed for treating AMD-generating residues. The main 
strategies followed are either chemical or physical treatments. 
The chemical treatment consists of the homogeneous addition 
of an alkaline substance to the mining wastes, thus causing 
AMD neutralization, the decrease of metal solubility, and the 
consequent retention of metals in solid precipitates. Alternatively, 
the physical treatment consists of the application of sealants 
containing cement compounds or natural resins to isolate the 
mining wastes from weathering processes (Farah et al. 1997). 
Both types of sealants form a cap whose main function is to 
protect the residues from the oxidation process and hence retard * E-mail: rafael.perez@dgeo.uhu.es


