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abstraCt

Acid mine drainage remediation is an unresolved matter in abandoned mining districts around the 
world. Development and implementation of passive treatment systems in these areas are commonly 
focused on engineering and water quality aspects. Neoformed mineral phases precipitated within the 
reactive material of these passive treatments account for the removal of pollutants but also can cause 
clogging and passivation of the reactive substrate. After 20 months of operation and monitoring, the 
limestone-based passive treatment system implemented in Mina Esperanza (SW Spain) was sampled 
to study the relationship between water chemistry, mineral composition of the neoformed precipitates, 
and treatment performance. Water chemical profiles show the existence of three precipitation zones 
controlled by Fe, Al, and Zn hydrochemistry and also a migration with time of precipitation zones 
downward into the reactive material. These precipitation zones were also confirmed by a mineral study 
performed on the solid samples where either schwertmannite and goethite or hydrobasaluminite and 
Zn-rich green rust were the mineral phases that controlled the metal removal in the three precipation 
(Fe, Al, or Zn) zones. Iron and Al precipitates were observed to play a critical role in the time evolution 
of the reactive material hydraulic conductivity. Furthermore, Al precipitates passivated to some extent 
the limestone grains by armoring, although migration of the Fe precipitation zone and Al redissolu-
tion later activated the limestone grains. A higher proportion of limestone in the reactive mixture and 
the addition of new reagents to the bottom section of the reactive material (to enhance the reducing 
environment and to promote divalent metal removal) are proposed on the basis of this hydrochemical 
and mineralogical study for a future design for the Mina Esperanza passive treatment system.
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introDuCtion

Acid mine drainage (AMD) is a widespread environmental 
problem that has resulted in one of the most extreme and unique 
environments on Earth. Polluted waters in mining areas typically 
exhibit low pH and high metal contents as a result of sulfide 
dissolution that occurred after the exposure of these minerals to 
oxic conditions (Bigham and Nordstrom 2000).

The Iberian Pyrite Belt (IPB) in the southwest Iberian 
Peninsula is one of the largest massive sulfide provinces in the 
world with original estimated reserves on the order of 1700 Mt 
of sulfide ore (Sáez et al. 1999). The region is also known as a 
world-class example of AMD pollution where the long-term ef-
fects are dated back to before Roman times (Nocete et al. 2005). 
The extensive exposure of sulfide rich residues and the lack of 
carbonate rocks in this region create a ubiquitous problem of 
AMD with very high metal content (Sarmiento et al. 2009a).

AMD at abandoned mine districts is typically remediated by 
the implementation of passive treatment technologies (Younger 
et al. 2002). Remediation techniques such as permeable reactive 

barriers, vertical flow wetlands, or aerobic wetlands have been 
successfully used to improve water quality in coal mining areas 
affected by AMD (Caraballo et al. 2010b; Jarvis et al. 2006; 
Johnson and Hallberg 2005). However, the high metal content 
observed in the AMD from the IPB severely reduces the applica-
bility of conventional passive treatment systems such as anoxic 
limestone drainages (ALD) (Hedin et al. 1994), or reducing 
and alkalinity producing systems (RAPS) (Jage et al. 2001). 
To address clogging and passivation problems resulting from 
the treatment of AMD with high metal contents by traditional 
reactive substrates, a novel reactive mixture known as dispersed 
alkaline substrate (DAS) was successfully tested in both labora-
tory (Rötting et al. 2008c) and field experiments (Caraballo et al. 
2009a; Rötting et al. 2008b). Limestone DAS is a high-porosity, 
high-reactivity substrate comprised of a mixture of 80% v/v pine 
wood shavings and 20% v/v limestone sand.

Passive treatment studies are commonly focused on water 
chemistry improvement and metal removal, obviating the 
important role exerted by mineral precipitates in AMD water 
chemistry and passive treatment performance. Specifically, iron 
and aluminum precipitates play a key role in buffering water 
pH (Bigham and Nordstrom 2000), inducing reactive material * E-mail: manuel.caraballo@dgeo.uhu.es


