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Crystal chemistry of the natrojarosite-jarosite and natrojarosite-hydronium jarosite  

solid-solution series: A synthetic study with full Fe site occupancy

LAUREL C. BASCIANO* AND RONALD C. PETERSON

Department of Geological Sciences and Geological Engineering, Queen’s University, Kingston, Ontario, Canada

ABSTRACT

Members of the natrojarosite-hydronium jarosite [(Na,H3O)Fe3(SO4)2(OH)6] and jarosite-natrojarosite 
[(K,Na)Fe3(SO4)2(OH)6] solid-solution series were synthesized and investigated by Rietveld analysis of 
X-ray powder diffraction data. The synthesized samples have full Fe occupancy, where in many previous 
studies there were significant vacancies in the B site. Well-defined trends can be seen in the unit-cell 
parameters across the solid-solution series in the synthetic samples. The majority of the samples in this 
study were directly synthesized under hydrothermal conditions at 140 °C. End-member natrojarosite was 
synthesized using a two-step method, where the initial sample was heated in a 1.0 m H2SO4-0.5Na2SO4 
solution at 200 °C for 3 days, yielding a sample with 100% Na occupancy. Many of the samples were 
initially zoned and required grinding and re-heating in the reactant solution for homogenization. Sub-
stitution of H3O and K into natrojarosite changes unit-cell parameters in a linear fashion. The unit-cell 
parameters presented here are significantly different than the majority of previous studies on synthetic 
samples, as samples in the current study have full Fe occupancy and the Na-K jarosite series has no 
H3O substitution in the A site. Substitution in the A site mainly affects unit-cell parameter c with little 
change in a. As Na occupancy increases there is a decrease in A-O2 and A-O3 distances and a consequent 
increase in Fe-O2 and Fe-O3 distance leading to an overall decrease in unit-cell parameter c in both the 
Na-H3O and Na-K jarosite series. The synthetic samples are compared to natural samples from mine 
waste deposits in Rio Tinto (Huelva, Spain), Ely Mine (Vermont), and a mineral collecting locality near 
Sharbot Lake (Ontario), as well as natural and synthetic samples documented in the literature. Based on 
unit-cell parameters many of the natural samples appear to have full Fe occupancy and correlate well 
with the synthetic samples from this study. The infrared spectra of the samples were analyzed, and there 
is a gradual change in the spectral features across the solid-solution series between end-members. The 
results from this study will aid in the interpretation of the possible chemical compositions of natural 
jarosite group minerals in mine waste and on Mars.
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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 may be 
occupied by H3O+, Na+, K+, Rb+, Ag+, Tl+, NH4+, ½Ca2+, or ½Pb2+, 
B may be occupied by Fe3+ or Al3+ and TO4 may be 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 = K) 
and natrojarosite (A = Na) are the most prevalent naturally oc-
curring 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 in alkali-
deficient solutions, as alkali-rich jarosite forms preferentially. 
For the sake of clarity, jarosite, sensu stricto, will be referred to 
as K 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-processing 
industry as well as being a common supergene mineral in ore 
deposits, and its association with acid-mine waste. Minerals 
within the jarosite group are commonly found in acidic, high-
sulfate environments. In mine waste, metal-rich acidic waters 
originate from the oxidation of sulfide minerals, such as pyrite 
(FeS2). Jarosite is thought to exist on Mars, and its presence 
suggests that water existed on Mars in the past (Klingelhöfer et 
al. 2004; Madden et al. 2004; Papike et al. 2006a, 2006b). The 
position of Fe3+ ions in the jarosite structure may be described 
by a Kagomé lattice, and the magnetic properties have led to ad-
ditional research in this area (Wills and Harrison 1996; Greedan 
2001; Grohol et al. 2003; Harrison 2004; Nocera et al. 2004; 
Bartlett and Nocera 2005). The jarosite group is thought to be 
the principle model for studying spin frustration. The Kagomé 
layers are formed from the corner-sharing Fe3

3+-( -OH)3 triangles 
and are the most highly geometrically frustrated two-dimensional 
lattice (Bartlett and Nocera 2005).
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