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absTraCT

Iron and Al precipitates play very important hydrochemical and environmental roles in aquatic 
environments affected by acid mine drainage. Despite their great importance, reliable characteriza-
tion of these precipitates is problematic due to the high proportion of amorphous or poorly ordered 
mineral phases comprising these precipitates and because of their coexistence with intermediate to 
highly crystalline phases. To facilitate and improve the characterization of poorly ordered Fe and Al 
phases, a coupled differential X-ray diffraction (DXRD) and sequential extraction (SE) study was 
performed on a set of samples from an acid mine water passive treatment system. The results of these 
techniques indicate the presence of schwertmannite and goethite in the upper 5 cm of the passive treat-
ment reactive material. Furthermore, a progressive decrease of the SO4

2– adsorbed to the schwertman-
nite surface is suggested by one of the SE steps. The presence of hydrobasaluminite and amorphous 
Al(OH)3 is suggested on the basis of SE and thermodynamic modeling analysis. These techniques 
also allow a quantitative estimation of the proportion of each mineral present. As a result, a complete 
study of the distribution of each mineral throughout the reactive material profile and the role of each 
phase in removing metals from the mine water can be obtained. This information is useful, not only 
to improve the reactive material design, but also to understand the natural processes taking place in 
aquatic systems affected by mining. 
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inTroduCTion

The hydrochemistry and mineralogy of waters affected by 
acid mine drainage (AMD) are mainly controlled by SO4-Fe and 
SO4-Al systems at pH ranging between 1–5 and 5–6, respectively 
(Bigham and Nordstrom 2000). Fe3+ hydrolysis tends to buffer 
AMD pH to around 3.5 by the precipitation of schwertmannite 
according to the reaction:

8Fe3+ + xSO= + (16 – 2x)H2O ↔ Fe8O8(OH)8–2x(SO4)x + (24 – 2x)H+ (1)

where 1 ≤ x ≤ 1.86, as shown by after Bigham et al. (1996) and 
Yu et al. (1999).

Similarly, Al hydrolysis, with a pK1 = 5 and subsequent pre-
cipitation of hydrobasaluminite, Al4(SO4)(OH)10·15H2O, buffers 
AMD pH around a value of 5 (Bigham and Nordstrom 2000). 
This hydrolysis reaction can be written as follows: 

4Al3+
(aq) + SO4

2–
(aq) + 25H2O(l) ↔ Al4(SO4)(OH)10·15H2O(s) + 10H+

(aq) (2)

The mineralogical control that both phases have on AMD 
hydrochemistry is not only restricted to pH buffering but also to 
some metal adsorption and coprecipitation processes. Accord-
ingly, schwertmannite plays an essential role in the adsorption 

of As (Acero et al. 2006; Fukushi et al. 2004; Regenspurg and 
Peiffer 2005) as well as in the adsorption of Pb and Cu (Lee et al. 
2002; Webster et al. 1998). Furthermore, an important decrease 
in dissolved Cu and Cd has been reported in the presence of 
hydrobasaluminate (Sánchez-España et al. 2006).

Many studies have been developed using synthetic schwert-
mannite (Eskandarpour et al. 2008; Loan et al. 2004) or pure 
natural schwertmannite collected from specific AMD precipitates 
(Bigham et al. 1996; Kawano and Tomita 2001; Yu et al. 1999). 
However, the occurrence of isolated schwertmannite in natural 
precipitates (Regenspurg et al. 2004) or in passive treatment sys-
tems (Gagliano et al. 2004; Rötting et al. 2008) is quite uncom-
mon. Metastable schwertmannite tends to transform over time to 
goethite (Bigham et al. 1996; Burton et al. 2007; Jönsson et al. 
2005; Knorr and Blodau 2007), jarosite (Wang et al. 2006), or a 
combination of the two (Acero et al. 2006). This implies that all of 
these minerals may coexist in mixed precipitates. The distribution 
and higher intensity of jarosite and goethite diffractogram peaks 
compared to those of schwertmannite leads to a serious problem 
when a mixture of these minerals is characterized by X-ray dif-
fraction (XRD) because schwertmannite peaks are hidden by 
those of jarosite and goethite. To solve this problem, DXRD can 
be used (Dold 2003b; Schulze 1981; Singh et al. 1999). Never-
theless, this technique is not completely reliable for examining 
very poorly crystalline schwertmannite and needs to be further * E-mail: manuel.caraballo@dgeo.uhu.es


