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abstract

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

that proxy for martian surface conditions. Room-temperature data are consistent with literature data 

[a = 7.2913(5), c = 17.1744(17), and V = 790.72(11) in R3m], while the first low-temperature data 

for the mineral is presented (at 253, 213, 173, and 133 K). Data collections between 297 and 133 K 

show strongly anisotropic thermal expansion, with the c axis much more expandable than the a axis. 

Much of the anisotropy is due to strong distortion of the KO12 polyhedron, which increases by 8% 

between 297 and 133 K. The data sets can aid in the identification of jarosite by X-ray diffraction of 

martian soils using the Curiosity Rover’s CheMin instrument.
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introduction

Jarosite, KFe3
3+(SO4)2(OH)6 (Mills et al. 2009a; Bayliss et al. 

2010), has always been a mineral of great interest to mineral sci-

entists, because of its relevance to many areas such as acid mine 

drainage (e.g., Nordstrom et al. 2000; Welch et al. 2007, 2008, 

2009), the mobility of toxic elements (e.g., Kolitsch and Pring 

2001), and metallurgical processing (e.g., Dutrizac and Jambor 

2000). But it is the discovery of jarosite on Mars (Klingelhöfer 

et al. 2004; Farrand et al. 2009) in particular that has caused a 

renaissance in research about the formation and stability of the 

mineral (e.g., Navrotsky et al. 2005; Papike et al. 2006; Golden et 

al. 2008) and its structural analogues (e.g., Grey et al. 2008, 2009, 

2011, 2013; Mills et al. 2010; Scarlett et al. 2010, 2013). Despite 

this, very few single-crystal refinements of jarosite have been 

made, and none at low temperature. The lack of low-temperature 

data for jarosite is important, in this case, because the chemistry 

and mineralogy X-ray diffraction instrument (CheMin) on the 

Curiosity Rover is designed to identify minerals by X-ray dif-

fraction and chemical analysis (Grotzinger et al. 2012), and the 

surface temperature on Mars is low enough to cause significant 

change in cell parameters from room-temperature values, or 

even to drive minerals through phase transitions. The global 

mean surface temperature is c202 K (Haberle 2013), while lo-

cal temperatures may lie within the range of at least 143–273 

K (Herri and Chassefière 2012). We note that the wide range of 

low temperatures on Mars may also have significant effects on 

other measurements (e.g., spectroscopic) used for detection and 

identification of minerals such as jarosite.

Jarosite is a member of the large alunite supergroup of miner-

als (Mills et al. 2009a; Bayliss et al. 2010), and participates in a 

wide range of solid solutions where the K+ may be replaced by 

other species such as Na+ or H3O
+, Fe3+ by Al3+, and S6+ by P5+ or 

As5+. Furthermore, members of the supergroup may deviate from 

the ideal AB3(TO4)2X6 stoichiometry. There may be vacancies 

on the large interlayer A sites [as in plumbojarosite, (Pb0.5�0.5)

Fe3(SO4)2(OH)6� �6]\PDĔVNL���������0LOOV�HW�DO�������E�@��LQWHU-
stitial small cations [kolitschite, PbZn0.5Fe3(AsO4)2(OH)6 = Mills 

et al. (2008); Grey et al. (2008)] or, in material synthesized at low 

temperatures, vacancies on the octahedral B sites (Scarlett et al. 

2010; Grey et al. 2011). In the latter two cases, ordering of the 

defects reduces the symmetry from rhombohedral to C-centered 

monoclinic. The unit-cell parameters vary significantly with all 

of these substitutions, although the a-axis is more sensitive to the 

content of the B site and the c-axis to the content of the interlayer 

A site (cf. Drouet et al. 2004).

It is likely that some “jarosite” minerals present on Mars 

depart considerably from the end-member jarosite studied 

here. Morris et al. (2006) indicate that for samples examined at 

Meridiani Planum, at least, Na+ > K+ > H3O
+ with possible Al3+ 

substitution for Fe3+. This implies that mineral is not jarosite 

sensu stricto but natrojarosite, with solid solution toward jarosite, 

hydroniumjarosite, and natroalunite. Milliken et al. (2013) report 

infrared spectra from the region of Ius and Melas Chasmata that 

they interpret as from H3O-bearing, Fe-deficient jarosite. The 

simulated martian acid-sulfate alteration experiments of McCol-

lom et al. (2013; in review) suggest that the alunite-supergroup 

phase formed by alteration of mafic pyroclastics should be 

Fe-rich natroalunite, rather than jarosite. Hence, a range of 
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