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Report:

Synchrotron-based X-ray study of iron oxide transformations in terraces from the
Tinto-Odiel river system: influence on arsenic mobility

Acid mine drainage (AMD) generated by sulphide oxidative dissolution is a major cause of water
contamination world-wide (Olias et al., 2006). The Iberian Pyrite Belt (IPB; SW Iberian Peninsula) is the
major reserve of massive pyrite deposits in the world, with more than one hundred abandoned mines (Séez et
al., 1999). Oxidation of pyrite and the lack of alkalinity-producing rocks in the region generates a huge
amount of AMD, which is drained via numerous mining effluents to the Tinto and Odiel rivers. Recent
studies have shown that these two rivers discharge an enormous amount of metal(loid)s into the Estuary of
Huelva (e.g. 36 t y of As; Olias et al., 2006). The contribution of pollutants by Tinto and Odiel rivers to the
Atlantic Ocean represents a significant percentage of the global gross flux of dissolved metals transported by
rivers into the oceans world-wide (e.g. up to 60% of Zn and 17% of Cu; Nieto et al., 2007). In mining
environments in the IPB, riverbeds are covered with several centimeters (up to 10 cm) of yellowish and
reddish loose and crusty Fe-rich precipitates, creating different terrace levels along the channel. These
terraces frequently define structures constituted by a sequence of different associations of iron phases.

Simultaneous analysis of micro-X-ray diffraction (u-XRD) and micro-X-ray fluorescence (u-XRF) based on
synchrotron light sources, and electron microprobe (EMP) analyses, were performed on iron terrace samples
taken from Tinto-Odiel river system from the IBP. Iron terraces are formed during the oxidation and
precipitation of dissolved iron along the riverbeds impacted by AMD. This work includes the study of
actively-forming current terraces and fossil terraces isolated from the stream courses due to the river
migration over time. The results of the study of current terrace samples from AMD-affected streams of two
IPB abandoned mines (Tinto Santa Rosa and Cueva de la Mora) showed that fresh precipitates at the surface



are composed primarily of metastable schwertmannite, which is gradually transformed at depth over short-
time scales into goethite (Fig. 1).
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Figure 1. Micro cross-section analyzed in TSR-1 sample by synchrotron-based (a) p-XRF: arsenic mapping and calibration spectrum
fitted with PyMCA software, and (b) g-XRD: 1D-XRD patterns of one cross-band line after integration of data with package Fit2D.

Sediments of ancient terraces are composed mainly of goethite, which most likely originated from the re-
crystallization of a precursor schwertmannite. However, at century-time scale, goethite partially re-
crystallizes to hematite due to diagenetic processes (Fig. 2).
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Figure 2. Micro cross-section analyzed in RTAM sample by synchrotron-based (a) g-XRF: arsenic mapping and calibration spectrum
fitted with PyMCA software, and (b) u-XRD: 1D-XRD patterns of one cross-band line after integration of data with package Fit2D.

The transformation rate of goethite into hematite is negatively correlated with grain size and the crystallinity
of goethite (Fig. 3). Moreover, this transformation is accompanied by an increase in grain size and a decrease
in surface area of hematite, and a concomitant decrease in arsenic trapped in the solid.
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Figure 3. Variation of the percentage of hematite and goethite and of the crystallinity of goethite along the RTAM sample. Grey areas
correspond to levels of goethite + hematite and white areas to levels of only goethite. Note that grey areas match levels of high arsenic
concentration as shown in Figure 2. Relationship between crystallinity of goethite and percentage of hematite.

This increase in the arsenic mobility during the diagenetic maturation should be considered in the
development of conceptual and analytical models describing long-term fate, transport and bioavailability of
arsenic in environmental systems.
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