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INTRODUCTION

The jarosite group of minerals is part of the alunite super-
group, which consists of 40 mineral species that have the general 
formula AB3(TO4)2(OH)6. There is extensive solid solution in 
the A, B, and T sites within the alunite supergroup, where A is 
H3O+, Na+, K+, Rb+, Ag+, Tl+, NH4+, ½Ca2+, or ½Pb2+; B is Fe3+ 
or Al3+; and TO4 is SO4

2�, PO4
3�, or AsO4

3� (Scott 1987; Stoffregen 
and Alpers 1987). The jarosite group is characterized by B = 
Fe3+ and T = S. Jarosite (A = potassium) and natrojarosite (A 
= sodium) are the most prevalent naturally occurring jarosite 
group minerals and hydronium jarosite is rare, though most 
jarosite group minerals contain some hydronium in the A site 
(Ripmeester et al. 1986; Drouet and Navrotsky 2003; Majzlan et 
al. 2004). Hydronium jarosite will only form from alkali-deÞ cient 
solutions, as alkali-rich jarosite forms preferentially. For the sake 
of clarity, jarosite, sensu stricto, will be referred to as potassium 

jarosite throughout this paper.
The jarosite group of minerals has been extensively studied 

as a result of its importance as a by-product of the metal-pro-
cessing industry as well as being very common in acid-mine 
waste. Minerals within the jarosite group are commonly found in 
acidic, high-sulfate environments associated with mine tailings. 
Metal-rich acidic sulfate containing waters originate from the 
oxidation of sulÞ de minerals, such as pyrite (FeS2). This natu-
ral process is ampliÞ ed by human activities relating to mining 
and mineral processing, which exposes these minerals to water 
and air. Oxidation of sulÞ de minerals leads to the formation of 
soluble and insoluble metal-bearing sulfates, hydroxysulfates, 
and hydrous oxides. The formation of these secondary phases 
typically leads to the generation of acidic solutions. The mineral 
group jarosite commonly forms after ferrous iron in the acidic 
sulfate waters oxidizes to ferric iron. As jarosite is a sink for iron, 
it is used in the zinc industry as a means of eliminating iron that 
is commonly present in Zn-Fe solution concentrates. Annually, 
125 000 tons of jarosite containing 25�36 wt% Fe is produced * E-mail: basciano@students.geol.queensu.ca
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ABSTRACT

Structural changes within the jarosite�hydronium jarosite solid-solution series, (K,H3O)Fe3(SO4)2(OH)6, 
were investigated by X-ray Rietveld analysis of powder diffraction data collected from synthetic 
samples. All previous studies of jarosite solid solution consisted of samples that were non-stoichio-
metric with respect to iron. In this study, stoichiometric samples in the series were synthesized under 
hydrothermal conditions at 140 °C using starting materials of Fe2(SO4)3·5H2O + K2SO4 + H2O in hy-
drothermal conditions. End-member potassium jarosite was also synthesized under similar conditions 
from a stoichiometric mixture of FeCl3 + KCl + LiCl + Fe(SO4)3·5H2O + H2O. Crystals were initially 
zoned with potassium-rich cores and hydronium-rich rims. Samples were homogenized by grinding and 
re-heating in the reactant solution. One iron deÞ cient sample was synthesized to determine the effect 
of non-stoichiometry. Substitution of H3O by K changes the unit-cell parameters in a linear fashion; 
c increases signiÞ cantly and a decreases to a lesser degree. Unit-cell parameters from stoichiometric 
samples determined in this study are larger than synthetic samples analyzed in previous studies as a 
result of full iron occupancy. Potassium substitution in the alkali site (A site) mainly affects the A-
O2 bond length, which causes the Fe-O2 and Fe-O3 bonds to lengthen and shorten, respectively. As 
potassium substitutes into the structure, there is an overall increase in the c axis. Iron deÞ ciency leads 
to a signiÞ cant decrease in unit-cell volume (large in c, minor in a), which is caused by bond length 
Fe-O3, which is markedly shorter than stoichiometric samples with similar potassium occupancy. 
The synthetic samples are compared with natural samples of jarosite and hydronium jarosite collected 
from mine waste deposits in Rio Tinto, Huelva, Spain. The natural samples have close to full iron 
occupancy, resulting from high iron content in solution and correlate well to the synthetic samples. 
Samples were also analyzed using short-wave infrared spectroscopy (SWIR). It was found that there 
is a subtle difference in spectra between end-members hydronium jarosite and potassium jarosite that 
can be tracked across the solid-solution series.
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