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INTRODUCTION. 
 
Acid brines are frequently generated in 
the pore spaces of mine tailings due to 
the oxidation of sulphide minerals and 
to the dissolution of other accompanying 
mineral phases. This situation is 
especially accused in abandoned mine 
tailings exposed to weathering in areas 
with arid or sub-arid climate, in which 
amounts of dissolved solids of several 
hundreds of grams have been frequently 
measured (Moncur et al., 2005; Acero et 
al., 2008). These extremely high 
concentrations represent a major 
difficulty during the geochemical 
modelling of these acid waters, since 
they prevent from using the usual Ion 
Association models for the calculation of 
the activity coefficients of dissolved 
species.  
 
A usual strategy in this situation is using 
the Pitzer ion interaction model (Pitzer, 
1973), which requires the previous 
estimation of ion interaction coefficients 
among the target elements in the 
modelled case. Unfortunately, many of 
the most important ion-ion interactions 
in hypersaline acid waters, involving 
Fe2+, Fe3+, Al3+, Zn2+, Cu2+, SO42- and 
other ions, are poorly included in the 
hydrogeochemical databases. 
 
In this study, a thermodynamic database 
for the hydrogeochemical modelling of 
acid mine brines using the Pitzer ion 
interaction approach was compiled and  
a test of its thermodynamic consistency 
was carried out.  
 
METHODOLOGY. 
 
The extensive set of data on ion 
interaction coefficients compiled by 
Tosca et al. (2005) for the 
hydrogeochemical modelling of Martian 

brines was used as a starting point, and 
the interaction coefficients for iron, 
aluminium, copper and zinc (Reardon 
and Beckie, 1987; Reardon, 1988) were 
added. For the equilibrium constants of 
mineral phases, the thermodynamic 
database WATEQ4f.dat (Ball and 
Nordstrom, 1991) was used as the main 
data source and it was expanded to 
include several hydrated and non-
hydrated sulphates and oxy-hydroxy-
sulphate mineral phases. 
 
Apart from the gathering of literature 
data for the thermodynamic database, a 
compilation of calculated and 
experimental solubility values for several 
single and binary salt systems was 

carried out. Especial emphasis was put 
on including relevant data for the most 
usual mineral phases in acid mine 
environments, such as melanterite, 
halotrichite, alunogen, chalcantite, 
pickeringite, jarosite or epsomite. The 
aim of this compilation is to serve as a 
base for checking the apparent 
thermodynamic consistency of the 
resulting thermodynamic database. 
These testing exercised were carried out 
using the PHREEQC geochemical code 
(Parkhurst and Appelo, 1999). 
 
RESULTS AND DISCUSSION. 
 
As depicted in Fig. 1 for some of the test 
cases run, the performance of the 
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fig 1. Comparison of some of the experimental and simulated results of mineral solubility using the 
thermodynamic database for specific ion interactions in acid mine brines, used as a check for the apparent 
thermodynamic consistency of the whole set of compiled data. 
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resulting thermodynamic database for 
reproducing the experimental and 
calculated solubility data for several 
single and binary mineral systems found 
in the literature was very good. As a 
general trend, simulated solubilities 
matched almost perfectly the 
corresponding data obtained in 
experiments, which indicates that the   
database developed in this study is 
apparently thermodynamically 
consistent. 
 
Real-Case Application of the Developed 
Database. 
 
Once the thermodynamic database was 
compiled and its apparent consistency 
tested, it was used to reproduce the 
main geochemical features and 
processes observed during several 
column experiments carried out using 
mine tailings. For these experiments, ten 
columns were filled with fresh and 
water-saturated mine waste from a 
tailings impoundment. Each column was 
placed under an infrared bulb, which 
acted as a constant heat source 
throughout the 125-day experiment. The 
crust formed on top of the columns was 
sampled and studied at different stages 
of increasing dryness and ionic strength 
of the pore water solutions. Pore water 
compositions obtained by squeezing of 
portions of columns at different depths 
and at different stages of evaporation 
 
Speciation-solubility calculations carried 
out with the enhanced database and 
with the assistance of the PHREEQC 
code provided with results fully 
consistent with the mineralogical and 
hydrochemical evolution observed 
during the column experiments. 
Furthermore, a reactive transport model 
using the database and the RETRASO-
CODE_BRIGHT code (Saaltink et al., 
2004) reproduced the same mineral 
association and the time sequence of 
minerals precipitating on top of the 
columns throughout the experiment, as 
well as the evolution of pore water 
compositions at different column depths 
and times. 
 
CONCLUSIONS. 
 
The database for specific ion 
interactions developed in this study has 
been proven to be thermodynamically 
sound and to adequately reproduce by 
numerical simulations not only the 
experimental data obtained for many 
binary and ternary systems in earlier 
works but also the data obtained in 

evaporative column experiments 
specifically designed to study the 
behaviour of acid mine brines (Ionic 
Strength even above 15 m). 
 
The enhanced database will allow 
simulating hypersaline and complex acid 
water systems and to account for many 
water-mineral interactions not taken into 
consideration in earlier scientific and 
technical studies. 
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