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Abstract 26 

Single-crystal diffraction of jarosite, KFe3+
3(SO4)2(OH)6, has been undertaken at low 27 

temperatures that proxy for Martian surface conditions. Room temperature data is consistent 28 

with literature data (a = 7.2913(5), c = 17.1744(17) and V = 790.72(11) in R-3m), while the 29 

first low temperature data for the mineral is presented (at 253, 213, 173 and 133K). Data 30 

collections between 297 and 133 K show strongly anisotropic thermal expansion, with the c 31 

axis much more expandable than the a axis. Much of the anisotropy is due to strong distortion 32 

of the KO12 polyhedron, which increases by 8 % between 297 and 133 K. The datasets can 33 

aid in the identification of jarosite by X-ray diffraction of Martian soils using the Curiosity 34 

Rover’s CheMin instrument. 35 

 36 

Keywords: crystal structure, low temperature, jarosite, Mars, anisotropy, alunite supergroup. 37 

 38 

Introduction 39 

Jarosite, KFe3+
3(SO4)2(OH)6 (Mills et al. 2009a; Bayliss et al. 2010), has always been a 40 

mineral of great interest to mineral scientists, because of its relevance to many areas such as 41 

acid mine drainage (e.g., Nordstrom et al. 2000; Welch et al. 2007, 2008, 2009), the mobility 42 

of toxic elements (e.g., Kolitsch & Pring 2001) and metallurgical processing (e.g., Dutrizac & 43 

Jambor 2000). But it is its discovery on Mars (Klingelhöfer et al. 2004; Farrand et al. 2009) 44 

in particular, which has caused a renaissance in research about the formation and stability of 45 

the mineral (e.g., Navrotsky et al. 2005; Papike et al. 2006; Golden et al. 2008) and its 46 

structural analogues (e.g., Grey et al. 2008, 2009, 2011, 2013; Mills et al. 2010; Scarlett et al. 47 

2010, 2013). Despite this, very few single crystal refinements of jarosite have been made, and 48 

none at low temperature. The lack of low-temperature data for jarosite is important, in this 49 

case, because the CheMin (Chemistry & Mineralogy X-Ray Diffraction) instrument on the 50 
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Curiosity Rover is designed to identify minerals by X-ray diffraction and chemical analysis 51 

(Grotzinger et al. 2012), and the surface temperature on Mars is low enough to cause 52 

significant change in cell parameters from room-temperature values, or even to drive 53 

minerals through phase transitions. The global mean surface temperature is ~202 K (Haberle 54 

2013), while local temperatures may lie within the range of at least 143–273 K (Herri & 55 

Chassefière 2012). We note that the wide range of low temperatures on Mars may also have 56 

significant effects on other measurements (e.g. spectroscopic) used for detection and 57 

identification of minerals such as jarosite. 58 

 59 

Jarosite is a member of the large alunite supergroup of minerals (Mills et al. 2009a; Bayliss et 60 

al. 2010), and participates in a wide range of solid solutions where the K+ may be replaced by 61 

other species such as Na+ or H3O+, Fe3+ by Al3+, and S6+ by P5+ or As5+. Furthermore, 62 

members of the supergroup may deviate from the ideal AB3(TO4)2X6 stoichiometry. There 63 

may be vacancies on the large interlayer A sites (as in plumbojarosite, 64 

(Pb0.5□0.5)Fe3(SO4)2(OH)6 — Szymański, 1985; Mills et al. 2009b), interstitial small cations 65 

(kolitschite, PbZn0.5Fe3(AsO4)2(OH)6 — Mills et al. 2008; Grey et al. 2008) or, in material 66 

synthesised at low temperatures, vacancies on the octahedral B sites (Scarlett et al. 2010; 67 

Grey et al. 2011). In the latter two cases, ordering of the defects reduces the symmetry from 68 

rhombohedral to C-centred monoclinic. The unit cell parameters vary significantly with all of 69 

these substitutions, although the a-axis is more sensitive to the content of the B site and the c-70 

axis to the content of the interlayer A site (cf. Drouet et al. 2004).  71 

 72 

It is likely that some “jarosite” minerals present on Mars depart considerably from the end-73 

member jarosite studied here. Morris et al. (2006) indicate that for samples examined at 74 

Meridiani Planum, at least, Na+ > K+ > H3O+ with possible Al3+ substitution for Fe3+. This 75 
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implies that mineral is not jarosite sensu stricto but natrojarosite, with solid solution towards 76 

jarosite, hydroniumjarosite and natroalunite. Milliken et al. (2013) report infrared spectra 77 

from the region of Ius and Melas Chasmata that they interpret as from H3O-bearing, Fe-78 

deficient jarosite. The simulated Martian acid-sulfate alteration experiments of McCollom et 79 

al. (2013a,b) suggest that the alunite-supergroup phase formed by alteration of mafic 80 

pyroclastics should be Fe-rich natroalunite, rather than jarosite. Hence, a range of alunite-81 

supergroup solid solutions may be present on Mars. Physical properties, including 82 

temperature-dependent diffraction behaviour, can most easily be estimated for such 83 

compositionally intermediate phases by interpolation from good-quality data for the end-84 

members. This paper constitutes a first step in the assembly of a dataset suitable for such 85 

interpolation, where we have investigated the single crystal structure of a sample of natural 86 

jarosite between 297 and 133 K, covering the range of surface temperatures experienced by 87 

Mars.  88 

 89 

Experimental 90 

Sample 91 

Although an analysis corresponding to jarosite was first reported from lignite seams at 92 

Kolosuruk (Korozluky, Czech Republic) by Rammelsberg (1838), he referred to the mineral 93 

only as “gelbeisenerz” (yellow iron ore). The first use of the name ‘Jarosit’ for the mineral 94 

was by Breithaupt (1852) for material from the Jaroso Ravine, Sierra Almagrera, Andalusia, 95 

Almeria, Spain, which is therefore regarded as the type locality. The sample of endmember 96 

KFe3+
3(SO4)2(OH)6 jarosite used in the study (M20912) was from the type locality and was 97 

obtained by Museum Victoria from Dr August Krantz in the 1850s. Thus, this specimen 98 

would have not been collected long after the type description was published. The specimen 99 

consists of clusters of honey-brown crystals up to about 1 mm across, coating cavities in 100 
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massive hematite rock. Several crystals were selected then used for the single crystal study. 101 

The jarosite�hematite association is prevalent on Mars, the most notable example being that 102 

at Meridiani Planum (Klingelhöfer et al. 2004; Golden et al. 2008). 103 

 104 

 X-ray diffraction 105 

A prismatic brownish-transparent single-crystal (dimensions: 0.04 x 0.05 x 0.09 mm) of good 106 

optical quality when observed under a petrographic microscope was selected for the X-107 

diffraction experiments and mounted on the tip of a glass fibre using nail polish. X-ray 108 

diffraction data were acquired at five temperatures (297, 253, 213, 173 and 133 K) with an 109 

Oxford Diffraction Gemini-R Ultra diffractometer equipped with a Ruby CCD detector and 110 

graphite-monochromated MoKα radiation. For the low-temperature studies, the crystal was 111 

cooled using an Oxford Cryosystems 700 Plus open-flow nitrogen gas device. The absolute 112 

temperature uncertainty of this device, determined from a series of calibration experiments, is 113 

about 1.5 K. Temperature stability during the data collection was ± 0.2 K. Integration and 114 

data reduction, including Lorentz-polarization as well as a semi-empirical absorption 115 

correction, were performed with the CrysAlis software package. Over the whole temperature 116 

range, the crystal diffraction spots could be indexed on the R-centred trigonal unit cell typical 117 

for jarosite. No indications of a structural phase transformation were observed. A detailed 118 

summary of the data collection strategy can be found in Table 1. Fractional coordinates and 119 

atom displacement parameters are provided in Table 2, and selected interatomic distances in 120 

Table 3. 121 

 122 

Results 123 

Jarosite has a rhombohedral alunite-type structure (e.g. Blount, 1974), consisting of layers 124 

parallel to (0001) of corner-sharing FeO2(OH)4 octahedra and SO4 tetrahedra, stacked along 125 
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c. K atoms at the origin of the cell are in 12-fold coordination. The Fe(O,OH)6 octahedra each 126 

share corners with four neighbours via the OH- anions to form a planar kagomé network with 127 

3- and 6-fold rings, which can also be described as hexagonal tungsten bronze (HTB)-type 128 

layers (Fig. 1). The O2- anions of the Fe(O,OH)6 octahedra in each 3-ring link to a sulfur 129 

either above or below the plane of the Fe layer. Successive layers are interconnected via 130 

hydrogen bonds from H to sulfate O1 of an adjacent layer, as well as through weak K�O 131 

bonds. The room temperature dataset (297 K) is consistent with those reported for 132 

refinements of jarosite with a similar composition: <K�O> is 2.896, <Fe�O> is 2.006 and 133 

<S�O> is 1.477 Å, compared to 2.876, 2.004 and 1.498 Å, respectively for 134 

K0.953H3O0.047Fe3+
3(SO4)2(OH)6 (Basciano & Peterson 2007). Note that the long S�O bond 135 

length in K0.953H3O0.047Fe3+
3(SO4)2(OH)6 may be an artefact due to refining powder data 136 

using the Rietveld method.  137 

 138 

The low-temperature investigation performed in this study reveals a very strong anisotropy in 139 

the thermal expansion of jarosite, with the c-axis being much more expandable than the a-140 

axis. Table 4 shows the variation of the two cell parameters as a function of temperature. The 141 

a-axis length remains practically unchanged over the temperature range investigated (0.0024 142 

Å = 0.03% relative variation between maximum and minimum values), although what 143 

variation there is appears to be non-montonic, with positive expansivity at low temperature 144 

up to a maximum a parameter near 253 K, and then negative expansivity to 297 K (Table 4). 145 

The changes are small, but the possible change in sign of expansivity merits further study. 146 

The c-axis however, decreases in length with decreasing temperature by about 0.072 Å, 147 

monotonically but with distinct curvature. Figure 2a shows the evolution with temperature of 148 

the two axes. The y scale is the same for the two axes, in order to emphasise the difference in 149 

absolute expansivity along the two axes. In Figure 2b, the unit cell volume is plotted against 150 
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temperature, showing a decrease by about 4.0 Å3 (~0.5 %) from 297 to 133 K that is almost 151 

linear with temperature, due to the curvatures of a-T and c-T trends compensating for each 152 

other.  153 

 154 

A linear approximation to the volume thermal expansion can be calculated as αV = [(V - V0) / 155 

V0]/ΔT (e.g. Cameron et al. 1973). For our sample and a ΔT calculated between 297 and 133 156 

K we obtain αV = 3.10(5)×10-5 K-1.  157 

 158 

The cell parameters of this study extrapolate to significantly smaller values at very low 159 

temperatures than those obtained by Inami et al. (2000) using powder neutron diffraction at 160 

10 K (a = 7.2999(3) Å and c = 7.3013(8) Å) and on deuterated material at 7 K (a = 7.3013(8) 161 

Å and c = 17.097(1) Å). However, they note that there is a transition into a long-range 162 

ordered antiferromagnetic state at 65 K, and associated structural relaxation may account for 163 

the discrepancy. Conversely, our 297 K data are in good agreement with the 298 K data from 164 

the powder neutron diffraction study of Xu et al. (2010), and our plots of c and V against 165 

temperature (Figure 2a,b) extrapolate into theirs for the range T = 298–575 K with only slight 166 

breaks in slope. Our a-axis at 297 K is also close to that of Xu et al. (2010), however, our 167 

data do not lie on their trend for T ≥ 350 K of a increasing nonlinearly with T. The a-axis of 168 

Xu et al. (2010) increases by only 0.09 % over 350–575 K, while c increases an order of 169 

magnitude more (0.91 %), so the extreme anisotropy in expansion is maintained to high 170 

temperatures. In combination, the datasets of Inami et al. (2000), Xu et al. (2010) and this 171 

study, suggest that the jarosite a-axis reaches a minimum value near 300 K, varies by only a 172 

small amount, but possibly in a complex fashion, over the temperature range of our study, 173 

and increases again below the magnetic transition at 65 K. 174 

 175 
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In order to explain the strong axial anisotropy, and, generally, the behaviour as a function of 176 

temperature, a careful analysis of the evolution of the jarosite crystal structure is necessary. 177 

Examination of the bond lengths indicates that <K�O> shows the largest variation (a 178 

decrease by about 0.4%, Table 3), while <Fe�O> remains practically constant and <S�O> 179 

shows an increase with decreasing T (by about 0.3 %). The analysis of the site polyhedron 180 

volumes (calculated using the software IVTON by Balić-Žunić and Vickovic 1996) confirm 181 

the trends shown by the bond lengths. Over the range 297�133 K, the KO12 polyhedron 182 

decreases in volume by about 1 %, the FeO6 polyhedron does not show significant variation, 183 

and the SO4 tetrahedron increases its volume by about 0.8 %. Figure 3 shows the evolution 184 

of KO12, FeO6 and SO4 volumes with T.  185 

 186 

We also consider the temperature evolution of distortion for these polyhedra. The volume 187 

distortion parameter used here quantifies the volume deficit of the polyhedron as compared to 188 

an ideal equivalent. First, a sphere of best fit is found for the real polyhedron and the ratio of 189 

sphere volume to polyhedron volume Vs/Vr calculated (Balić-Žunić and Makovicky 1996; 190 

Balić-Žunić 2007). Ideal polyhedra are chosen for reference, which in this case are the 191 

regular tetrahedron, regular octahedron and regular cuboctahedron for S, Fe and K 192 

respectively. The volume ratios Vs/Vi are calculated for these shapes inscribed in a sphere, 193 

and the distortion υ = 1 – (Vs/Vi)/(Vs/Vr) (Makovicky and Balić-Žunić 1998; Nestola et al. 194 

2008). The advantage of this parameter is that it measures only distortions due to the 195 

arrangement of atoms forming the vertices of the polyhedron alone, and decouples these from 196 

distortion due to the relative position of the central atom and surrounding atoms. As a result, 197 

the volume distortion can even be calculated for structural voids when necessary. 198 

 199 
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An analysis of the polyhedron volume of the KO12 polyhedron shows that it is extremely 200 

distorted (distortion at 297 K = 0.0168, Table 3) and that its distortion decreases with 201 

decreasing the temperature by about 8 % (Figure 4a). The distortion of the KO12 polyhedron 202 

is strongly related to the polyhedron volume behaviour (Figure 4b). Plotting the KO12 203 

volume against the c-axis (the most compressible one) shows a strong relation (Figure 4c) 204 

and that the contraction along the c-axis is governed not only by the volume decrease of the 205 

KO12 polyhedron but also by its volume distortion. 206 

 207 

The FeO6 octahedron is much more regular than KO12, distortion of the FeO6 being an order 208 

of magnitude lower: 0.0014 at 297 K (Table 3). More importantly, it does not show any 209 

variation over the temperature range investigated (Table 3). The SO4 tetrahedron shows 210 

negligible volume distortion at all temperatures. 211 

 212 

Implications 213 

 214 

Given the significant change in the jarosite unit cell over the temperature range of this study, 215 

this dataset can aid in the identification of the mineral via X-ray diffraction of Martian soils 216 

using the Curiosity Rover’s CheMin instrument. It is important to note, however, that 217 

extensive solid solutions occur between members of the alunite supergroup, so further studies 218 

on natrojarosite, natroalunite, alunite and hydroniumjarosite at low temperature will be 219 

required to generate a broad crystallographic dataset which will cover the range of 220 

compositions likely to be present, and to allow correct mineral assignment of Martian 221 

“jarosites”. Furthermore, elemental analysis will be desirable to confirm such identifications, 222 

and spectroscopic methods are required to identify the H3O+ ion, which readily substitutes for 223 

K+.  224 
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Figure Captions 403 
 404 
Figure 1. (a) Structural layer of jarosite viewed down c axis, showing FeO2(OH)4 octahedra 405 
corner-linked to form kagomé net, and triangles of octahedra linked to SO4 tetrahedra above 406 
or below the plane of the layer. Hydrogen atoms indicated by small spheres; outlines of unit 407 
cells are dashed. (b) Unit cell of jarosite viewed approximately down [110], showing portions 408 
of three layers of the type shown in (a). SO4 tetrahedra point up into the hexagonal holes in 409 
the layer above, or down into the hexagonal holes of the layer below. O-H vectors are 410 
directed at apical sulfate oxygens of adjacent layers. Large spheres are 12-coordinated 411 
interlayer K+ ions.  412 
 413 
Figure 2. (a) Temperature evolution of a and c parameters of jarosite. Estimated errors are 414 
smaller than symbols used. (b) Variation of unit cell volume with temperature for jarosite. 415 
 416 
Figure 3. Variation with temperature of (a) KO12 polyhedral volume, (b) FeO6 polyhedral 417 
volume, (c) SO4 polyhedral volume. 418 
 419 
Figure 4. (a) Variation of KO12 polyhedral distortion parameter with temperature. (b) Linear 420 
correlation between KO12 polyhedral volume and distortion parameter. (c) Linear correlation 421 
between KO12 polyhedral volume and unit cell c parameter. 422 
 423 
 424 
 425 

This is a preprint, the final version is subject to change, of the American Mineralogist (MSA) 
Cite as Authors (Year) Title. American Mineralogist, in press. 

(DOI will not work until issue is live.) DOI: http://dx.doi.org/10.2138/am.2013.4587
 

7/10

 
Always consult and cite the final, published document. See http://www.minsocam.org or GeoscienceWorld



Table 1: Data collection and structure refinement details for jarosite. 426 
 427 

  297 K 253 K 213 K 173 K 133 K 
Structural Formula KFe2.77Al0.23(SO4)2(OH)6 

Space group R-3m 
Unit cell dimensions (Å)      

a 7.2913(5) 7.2931(3) 7.2918(3) 7.2918(3) 7.2907(3) 
c 17.1744(17)  17.1456(10) 17.1235(9) 17.1026(10) 17.0900(8) 

V (Å3) 790.72(11) 789.78(7) 788.48(6) 787.52(6) 786.70(6) 
Z 3 3 3 3 3 

Absorption coefficient 4.957 mm-1 4.957 mm-2 4.965 mm-3 4.971 mm-3 4.977 mm-3 
F(000) 742 742 742 742 742 
q range 3.44 to 29.29° 3.44 to 29.29° 3.44 to 29.20° 3.44 to 29.21° 3.44 to 29.21° 

Index ranges      
h –5 ≤ h ≤ 9 –9 ≤ h ≤ 7 –9 ≤ h ≤ 7 –9 ≤ h ≤ 7 –9 ≤ h ≤ 7 
k –9 ≤ k ≤ 7 –6 ≤ k ≤ 9 –6 ≤ k ≤ 9 –9 ≤ k ≤ 9 –9 ≤ k ≤ 9 
l –21 ≤ l ≤ 21 –21 ≤ l ≤ 21 –21 ≤ l ≤ 21 –21 ≤ l ≤ 21 –21 ≤ l ≤ 21 

Reflections 
collected/unique 1737 / 281 1741 / 278 1737 / 278 1733 / 277 1724 / 277 

Reflections with F > 
4σ(F) 260 257 259 257 256 

Refinement method Full-matrix least-squares on F2 
Parameters refined 29 29 29 29 29 

GoF 1.076 1.118 1.124 1.139 1.138 
Final R indices [Fo > 

4σ(F)] 
R1 = 0.0215, wR2 = 

0.0246 
R1 = 0.0179, wR2 = 

0.0219 
R1 = 0.0196, wR2 = 

0.0235 
R1 = 0.0191, wR2 = 

0.0220 
R1 = 0.0179, wR2 = 

0.0213 

R indices (all data) R1 = 0.0434, wR2 = 
0.0442 

R1 = 0.0367, wR2 = 
0.0376 

R1 = 0.0403, wR2 = 
0.0418 

R1 = 0.0398, wR2 = 
0.0406 

R1 = 0.0400, wR2 = 
0.0414 

Extinction coefficient 0.0000(3) 0.0002(3) 0.0005(3) 0.0004(3) 0.0005(3) 
Largest diff. peak / hole  0.726 / –0.580 e Å-3  0.343 / –0.673 e Å-3  0.464 / –0.668 e Å-3  0.406 / –0.868 e Å-3  0.429 / –0.629 e Å-3 
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Table 2: Fractional coordinates and atomic displacement parameters for jarosite. 428 
 429 

297 K x y z Ueq U11 U22 U33 U23 U13 U12 
K 0 0 0 0.0160(4) 0.0185(5) 0.0185(5) 0.0112(8) 0 0 0.0092(3) 
Fe 0.5 0 0.5 0.0056(2) 0.0036(3) 0.0018(3) 0.0108(3) -0.0002(2) -0.00010(11) 0.00088(15) 
S 0 0 0.30862(7) 0.0074(3) 0.0059(4) 0.0059(4) 0.0102(6) 0 0 0.00297(18) 

O1 0 0 0.6065(2) 0.0127(8) 0.0143(11) 0.0143(11) 0.0095(18) 0 0 0.0072(6) 
O2 0.22287(15) -0.22287(15) -0.05403(12) 0.0114(5) 0.0131(8) 0.0131(8) 0.0122(10) 0.0006(4) -0.0006(4) 0.0096(9) 
O3 0.12713(16) -0.12713(16) 0.13553(12) 0.0102(4) 0.0062(7) 0.0062(7) 0.0176(11) -0.0021(4) 0.0021(4) 0.0026(8) 
H1 0.188(2) -0.188(2) 0.112(2) 0.044(13)       

253 K           
K 0 0 0 0.0137(3) 0.0151(4) 0.0151(4) 0.0108(7) 0 0 0.0076(2) 
Fe 0.5 0 0.5 0.00447(19) 0.0026(2) 0.0013(3) 0.0091(3) 0.00007(19) 0.00003(9) 0.00065(13) 
S 0 0 0.30880(6) 0.0066(2) 0.0054(3) 0.0054(3) 0.0091(5) 0 0 0.00270(16) 

O1 0 0 0.60621(18) 0.0102(6) 0.0107(9) 0.0107(9) 0.0090(15) 0 0 0.0054(5) 
O2 0.22272(13) -0.22272(13) -0.05393(10) 0.0106(4) 0.0115(7) 0.0115(7) 0.0127(10) 0.0007(3) -0.0007(3) 0.0087(7) 
O3 0.12679(14) -0.12679(14) 0.13548(11) 0.0090(4) 0.0056(6) 0.0056(6) 0.0149(9) -0.0013(3) 0.0013(3) 0.0021(7) 
H1 0.186(2) -0.186(2) 0.113(2) 0.030(10)       

213 K           
K 0 0 0 0.0117(3) 0.0127(5) 0.0127(5) 0.0098(7) 0 0 0.0063(2) 
Fe 0.5 0 0.5 0.0038(2) 0.0020(2) 0.0009(3) 0.0081(3) -0.0001(2) -0.00005(10) 0.00044(15) 
S 0 0 0.30890(7) 0.0057(3) 0.0044(4) 0.0044(4) 0.0085(6) 0 0 0.00219(18) 

O1 0 0 0.6059(2) 0.0100(7) 0.0105(10) 0.0105(10) 0.0090(17) 0 0 0.0053(5) 
O2 0.22258(15) -0.22258(15) -0.05377(11) 0.0088(4) 0.0098(7) 0.0098(7) 0.0101(10) -0.0001(4) 0.0001(4) 0.0072(8) 
O3 0.12696(16) -0.12696(16) 0.13539(12) 0.0082(4) 0.0053(6) 0.0053(6) 0.0135(10) -0.0011(4) 0.0011(4) 0.0022(8) 
H1 0.188(2) -0.188(2) 0.113(2) 0.032(11)       

173 K           
K 0 0 0 0.0097(3) 0.0106(4) 0.0106(4) 0.0079(7) 0 0 0.0053(2) 
Fe 0.5 0 0.5 0.0031(2) 0.0014(2) 0.0004(3) 0.0072(3) -0.00001(19) -0.00001(10) 0.00021(14) 
S 0 0 0.30903(6) 0.0052(3) 0.0040(3) 0.0040(3) 0.0076(5) 0 0 0.00200(17) 
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O1 0 0 0.60547(19) 0.0089(7) 0.0085(10) 0.0085(10) 0.0098(17) 0 0 0.0043(5) 
O2 0.22269(14) -0.22269(14) -0.05367(11) 0.0080(4) 0.0083(7) 0.0083(7) 0.0105(10) 0.0002(3) -0.0002(3) 0.0065(7) 
O3 0.12696(15) -0.12696(15) 0.13533(11) 0.0073(4) 0.0041(6) 0.0041(6) 0.0133(10) -0.0012(4) 0.0012(4) 0.0017(7) 
H1 0.189(2) -0.189(2) 0.113(2) 0.036(12)       

133 K           
K 0 0 0 0.0076(3) 0.0080(4) 0.0080(4) 0.0066(6) 0 0 0.0040(2) 
Fe 0.5 0 0.5 0.00252(19) 0.0008(2) 0.0000(3) 0.0065(3) -0.00011(18) -0.00006(9) 0.00001(13) 
S 0 0 0.30918(6) 0.0046(2) 0.0032(3) 0.0032(3) 0.0075(5) 0 0 0.00158(16) 

O1 0 0 0.60530(19) 0.0078(6) 0.0070(9) 0.0070(9) 0.0093(16) 0 0 0.0035(5) 
O2 0.22253(13) -0.22253(13) -0.05352(10) 0.0069(4) 0.0062(6) 0.0062(6) 0.0098(9) 0.0000(3) 0.0000(3) 0.0041(7) 
O3 0.12697(14) -0.12697(14) 0.13524(11) 0.0064(4) 0.0041(6) 0.0041(6) 0.0115(9) -0.0012(3) 0.0012(3) 0.0024(7) 
H1 0.188(2) -0.188(2) 0.114(2) 0.018(9)             

 430 
 431 
 432 
 433 
 434 
 435 
 436 
 437 
 438 
 439 
 440 
 441 
 442 
 443 
 444 
 445 
 446 
 447 
 448 
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Table 3: Selected bond lengths (Å), volume (Å3) and distortion parameters in jarosite. 449 
 450 

    297 K 253 K 213 K 173 K 133 K 
K�O3 x6 2.828(2) 2.8215(18) 2.819(2) 2.8157(19) 2.8129(18) 
K�O2 x6 2.964(2) 2.9615(17) 2.9581(18) 2.9585(17) 2.9552(17) 

<K�O>  2.896 2.892 2.889 2.887 2.884 
Vol.  60.544(71) 60.298(61) 60.133(68) 60.07(64) 59.895(61) 

Distortion  0.0168(1) 0.0165(1) 0.0161(1) 0.0158(1) 0.0155(1) 
       

Fe�O3 x4 1.9785(8) 1.9778(7) 1.9783(8) 1.9784(7) 1.9784(7) 
Fe�O2 x2 2.060(2) 2.0585(17) 2.0580(19) 2.0579(18) 2.0582(17) 

<Fe�O>  2.006 2.005 2.005 2.005 2.005 
Vol.  10.747(17) 10.727(14) 10.730(15) 10.731(15) 10.732(14) 

Distortion  0.0014(1) 0.0014(1) 0.0014(1) 0.0014(1) 0.0015(1) 
       

S�O1  1.457(4) 1.457(3) 1.460(4) 1.462(4) 1.462(3) 
S�O2 x3 1.483(2) 1.4854(17) 1.4862(19) 1.4849(18) 1.4865(17) 

<S�O>  1.477 1.478 1.480 1.479 1.480 
Vol.  1.653(5) 1.658(4) 1.662(5) 1.661(5) 1.665(4) 

       
O3�H1   0.87(3) 0.85(2) 0.87(3) 0.86(3) 0.86(2) 

 451 
 452 
Table 4: Single crystal unit-cell parameters (Å) of jarosite.  453 
 454 

  297 K 253 K 213 K 173 K 133 K 
a 7.2913(5) 7.2931(3) 7.2918(3) 7.2918(3) 7.2907(3) 
c 17.1744(17) 17.1456(10) 17.1235(9) 17.1026(10) 17.0900(8)
V 790.72(11) 789.78(7) 788.48(6) 787.52(6) 786.70(6) 
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