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The pollution

We have studied the oxidation of the tailings spilled when the retention walls of a pond containing the residues from a alkg alkg a/kg alkg a/kg
pyrite mine in Aznal cdllar (southern Spain) broke open, as well as the effects on the weathering and neo formation of S 397.0 Pb 11.0 Mg 6.4 Sh 0.8 Tl  0.06
mineralsin carbonated soils (CaCO; = 7.1%; pH =7.9). The dimate of this area is typically Mediterranean. Fe 364.0 Zn 9.6 Ca 41 Bi  0.08 Co 0.05

Al 16.2 As 7.2 Cu 2.6 Cr  0.06 Cd 0.03

Elemental composition of the tailings

The pollution evolution

Formationof theacidic pollutant solutioin the tailings

Initial contamination Soluble metals in the tailings over time.
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and metals dissolution

On spreading over the soilsurface the tailings
were saturated in wakr and therebre
reducing condions predominated and the
sulphide partides remain ed stable.

In the first sep, when drying took place (10
days after the spill), the soluble elements
flom the @ilings rose by capilary action to
the surface, predpitaing and forming a
white salty layer.

As a result of diying and consequenty
aeration of the tailings sulphides oxdized to
sulphates, the pH maikedly fell, due o the
formation of sulphufc acid, while the
pollutants solubilized

Infiltration of the acidic pollutant solution soil alteration

With therainwater, the acidi ¢ pol lutant solution
(1) andthe salts that had previoudy formedon
the surface of the tailings @) infitrated the
sail.
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As a result, in thefirst 12 mm of the soil,
areddish-yellow band formed, in which
the weathering of the cabonates, the
hydrolysis of the finest patticle s (silt and
clay) and the predpitation of part of the
pollutants took place.

reddis-

Soil not 2 months 15 months
contamin. after after

pH 79 6.0 35
CaCO; 78 33 0.0
Clay 18.4 5.9 3.8
Finesilt 12.8 n.d. 4.7
Coarse silt 12.1 n.d. 9.1

n.d. = not determined

soil

Twomonths atter the spill, the pH of the reddish-yellow
band was 6.0and the carbonate content di minished by
85% with respect to the underlying soil, while 15
months after the spill, the pH was 3.5 and the
weathering of the carbonates was mnplete. On this
former date, the mean clay content in the reddish-
yellow band was reduced by roughly 65%, fine silt by
60% and coarse silt by 30%, with resped to the
undelying soil.

Infiltration of theacidic pollutant solution mineralneoformation

The acidic solutions, when

The SOZ

ions in the acidic pollutant

penetrating the soils, produced solution precipitated in the reddish- of m ® complexes withZn, Fe andMn (2) ,aswell iron and potassum sulphates
the precipitaton of salts and yellowband, primarily as gypsum(G) ... (elanterite?) ... as raised scaly formatons of aluminum  (arosite = J).
theneofomation of minerals. sulphate (probably alunite=A) ...
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.. also, as needle-like crystals

reddis-yellow band

. projecting from a mass of sulphate

The concentration of metals in the soluble
phase greatly increased with time. The
oxidation of the sulphides bonded to Zn and
Cu (such as sphalerite or chalcopyrite) was
very rapid and intense. Other sulphurs present
in te tlings, such as arsenopyrite and

galene, oxdized nore slowly and less

intensely (As and Pb).

The intense acidity produced in the reddish-
yellow band originated the mineral hydrolysis,
revealed by sgnificant losses of SiO, and

ALO3.

.. and aggregated microcrystals of

100 100 100

The Al which had dissolved in the acidic solution,
athough precipitated partially in te form of
auminium sulphate in the first 12 mm, almost
precipitated as anomphous hydrous Al-oxides
between 12 and 14 nm ...

Anmorphous hydrous Fe-oxides also predpitated in the reddish-yellow band
(orange colour in pidure), adsorbing As, Pb, Tl and Sb dissolved in the acid
solution.

. in depth (PH =6.0) adsorbing the Cu
dissolved in the acidic solution. The Zn and
Cd also accumulated mainly at pH =6.8
(12-20 mmiin depth).



