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Abstract
Sideronatrite, Na2Fe(SO4)2(OH)·3H2O, is a secondary hydrated sulfate occurring in desert areas as
the result of pyrite alteration. It is one of the environmental indicators of soil-water processes operating
in specific landscapes, and, as a consequence, an important marker of acid mine drainage pollution.
Sideronatrite has been demonstrated from its peculiar diffraction pattern to belong to a family of OD
structures formed by equivalent layers.
In this work, a crystal with weak diffuse streaks proved to be suitable for a single-crystal X-ray
diffraction study. The crystal structure was solved by direct methods and refined by full matrix leastsquares (R = 7.4% and RW = 8.0%) in the space group P212121 with a = 7.265(2), b = 20.522(6), c =
7.120(2) Å, V = 1061.5(5) Å3, and Z = 4, using 798 reflections with I > 3.0 σ(I).
Sideronatrite is characterized by infinite [Fe3+(SO4)2(OH)]2– octahedral-tetrahedral chains of the
type [M(TO4)2φ] running parallel to the c axis. These chains are cross-linked by a columnar system of
corner-sharing, Na-distorted octahedra along c to form corrugated sheets parallel to the (010) plane.
Adjacent sheets are hydrogen-bonded through water molecules coordinated by Na atoms. The present
results allow a complete description of the OD character of the structure, with the derivation of the
OD groupoid and MDO polytypes.
Finally, chemical and structural relationships are taken into account to explain the possible paragenetic sequence concerning several sulfates associated with sideronatrite.
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Introduction
Sideronatrite is a hydrated sulfate of Na and Fe occurring
in very arid regions and generally associated with other secondary sulfates (Palache et al. 1951). Sideronatrite was originally
described by Raimondi (1878), although bartholomite, previously
discovered by Cleve (1870), is likely the same mineral. In the
past, it was also confused with urusite (or uruzite, urisite, urizite),
a mineral from Tscheleken Island (Russia), reported by Frenzel
(1879), who deduced optically the orthorhombic symmetry.
Chemical analyses performed by different authors (Frenzel 1879;
Van Tassel 1956; Césbron 1964) converge to the ideal formula:
Na2Fe(SO4)2(OH)·3H2O.
This mineral is thought to have been formed as the result
of pyrite alteration or as the weathering product of pyrite
(Garvie 1999). It changes into ferrinatrite, Na3Fe(SO4)3·3H2O,
by contact with sulfuric acid and into metasideronatrite
Na2Fe(SO4)2(OH)·H2O by partial dehydration (Palache et al.
1951). For these reasons, it is one of the environmental indicators of soil-water processes operating in specific landscapes,
and, as such, an important marker of acid mine drainage pollution. Césbron (1964) investigated a sideronatrite specimen from
Sierra Gorda (Chile) as part of a general study dealing with
sulfate minerals discovered in the Chilean desert areas. This
author determined, by means of X-ray rotation photographs the
3+
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lattice parameters [a = 7.27(2), b = 20.50(3), c = 7.15(2) Å] and
assigned, on the basis of systematic absences, the space group
Pbnm. Moreover, from the results of thermogravimetric analysis,
Césbron (1964) deduced that the three water molecules present
in the compound have different structural roles. Scordari (1981a)
stated, on the basis of a careful analysis of the diffraction patterns,
that the structure of sideronatrite is not fully ordered and should
be classified as an OD structure. Additionally, this author argued,
from crystallographic, chemical, and physical considerations,
that the structure should be based on ferric-sulfate chains of
7 Å periodicity.
The extensive disorder displayed has hampered to date a
complete structural determination of this mineral. Fortunately
during new systematic investigations via single-crystal X-ray
diffraction, we found a crystal showing only a few weak diffuse streaks in the diffraction pattern, thus being suitable for a
complete structural study.
The present paper gives a detailed description of the solved
and refined crystal structure of the orthorhombic polytype of
sideronatrite, and, on the basis of the structural model obtained,
a complete description of its OD character.

Experimental and structure determination
The crystals examined in this study were hand picked from a sample originating from Sierra Gorda (Chile). Sideronatrite forms minute needles elongated on
[001], having vitreous luster and lemon-yellow color. The mineral exhibits good
{010} and imperfect {100} cleavage and is associated with jarosite. Quantitative
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