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Abstract

Schwertmannite is a ubiquitous mineral formed from acid rock drainage (ARD), and plays a major role in controlling the water chem-
istry of many acid streams. The formation of schwertmannite was investigated in the acid discharge of the Monte Romero abandoned^
mine (Iberian Pyrite Belt, SW, Spain). Schwertmannite precipitated from supersaturated solutions mainly owing to the oxidation of'
Fe(II) to Fe(III) and transformed with time into goethite and jarosite. In a few hours, schwertmannite precipitation removed more than'-
half of the arsenic load from solution, whereas the concentration of divalent trace metals (Zn, Cu, Pb, Cd, Ni, and Co) remained almost •
unchanged. In the laboratory, natural schwertmannite was kept in contact with its coexisting acid water in a flask with a solid-liquid
mass ratio of 1:5 for 353 days. During this time, the pH of the solution dropped from 3.07 to 1.74 and the concentrations of sulfate
and Fe increased. During the first 164 days, schwertmannite transformed into goethite plus H3O-jarosite but, subsequently, goethite
was the only mineral to form. Some of the trace elements, such as Al, Cu, Pb, and As were depleted in solution during the first stage
as schwertmannite transformed into goethite plus H3O-jarosite. On the contrary, the transformation of schwertmannite to goethite (with
no jarosite) during the second stage released Al, Cu, and As to the solution. Despite the variation in their concentrations in solution,
approximately 80% of the total Al and Cu inventories and more than 99% As and Pb remained in the solid phase throughout the entire
aging process.
© 2006 Elsevier Inc. All rights reserved.

1. Introduction

The behavior of trace elements in acid rock drainage
(ARD) is controlled by several factors, such as mineralogy
of the primary ores and enclosing rocks, weathering condi-
tions and hydrological variability. Moreover, newly formed
precipitates from ARD, such as jarosite, schwertmannite,
and goethite may play a key role in the removal of trace
elements from solution (Bigham et al., 1994; Webster
et al., 1998).

Schwertmannite is a Fe(III)-oxyhydroysulfate that
forms commonly in waters with pH values between 3.0
and 4.5 and sulfate concentrations between 1000 and
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3000 mg L-1 (Bigham et al., 1994). It has been recognized •
in many ARD streams (Bigham et al., 1994, 1996; Yu-
et al., 1999); in the waters and sediments of lakes receiving
ARD (Schwertmann et al., 1995; Childs et al., 1998;';
Regenspurg et al., 2004) and in the substrates of wetlands
treating ARD (Gagliano et al., 2004). Schwertmannite |
has been reported to remove arsenic from waters in acid]
streams (Courtin-Nomade et al., 2003; Fukushi et al.,
2003) and in mine tailings (Dold and Fontbote, 2002).

Schwertmannite is a metastable phase, and has been I
found to transform into goethite over timescales of weeks
to months. During their laboratory experiment, Bigham
et al. (1996) placed a synthetic specimen of schwertmannite I
in contact with distilled water and observed that it trans-1
formed into goethite over a period of 543 days, releasing I
sulfate, Fe and H+ to the solution. The reaction proposed J
for the transformation by these authors was
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