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Sideronatrite and metasideronatrite
efflorescence formed in a coastal sea-spray environment
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ABSTRACT

Sideronatrite [NayFe(SO4),(OH)-3H,0] occurs as yellow botryoidal encrustations on low cliffs of
weathered pyrite-bearing mudstones at Barton-on-Sea, Hampshire, England. Extensive areas of the
cliffs, vp to ~100 m?>, are coated with sideronatrite and its low solubility in cold water secures its
longevity. Dry samples of sideronatrite convert readily to metasideronatrite [NaFe(SO4),(OH)-H;0],
the reaction to sideronatrite being reversible. Sideronatrite, it is suggested, forms as a result of
weathering of pyrite that is present in the argillaceous sediments and reaction with Na from the sea-salt

spray.
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Introduction Field relationships

WATER-SOLUBLE minerals, such as coquimbite
[Fes(SO4);:9H,0], tamarugite
[NaAl(SO4),6H,0], and alunogen
[A1,(SO4)3:17H,0], which are normally asso-
ciated with efflorescence in dry or arid environ-
ments, are reported as forming on rocks along the
sea-shore (Hutton, 1970; Segnit, 1976; King,
1998). For example, the tamarugite described
from a sea-shore environment is thought to have
formed as a result of pyrite decomposition, which
produced sulphuric acid that reacted with clays in
the host shales and the Na from the sea spray
(Segnit, 1976; King, 1998). Sideronatrite and
metasideronatrite are found in arid regions
together with other secondary sulphates (Bundy,
1938; Gaines et al., 1997). Metasideronatrite was
also reported on specimens that may have formed
in a sea-spray environment (Ryback and Tandy,
1992), although few details were given. In
addition, metasideronatrite and sideronatrite
have been recorded from pyrite oxidation in
coal fields (Randall and Jones, 1966; Zodrow et
al., 1979). In contrast, this paper reports on the
formation of sideronatrite and metasideronatrite
as a weathering product of pyrite-rich mudstones
in a sea-shore environment.
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A yellowish botryoidal crust is present on low
cliffs of bluish to greyish argillaceous siltstones of
the Upper Barton Beds, Upper Eocene, east of
Barton-on-Sea (Burton, 1933). The beds belong to
the H, I and J Horizons of the Upper Barton Beds.
The yellow crusts are patchy and are present on
arcas ranging from a few cm? to ~100 m%. When
wet the colour of the encrustation is light yellow to
orange-yellow, but when dry the colour lightens to
whitish yellow to light yellow and exhibits a silky
lustre. Thicker crusts have a dark brownish-orange
coating. Individual crystals are not evident in hand
specimen and under the optical microscope they
appeat as needles, typically 15 pym long and 1 pm
wide and laths up to 25 um long and 5 um wide.
Samples wete collected on a rainy August day with
strong onshore winds. As a consequence, the
yellow crusts were constantly bathed in sea
spray. Samples were collected and stored in their
‘wet’ state.

X-ray powder diffraction

X-ray powder diffraction patterns were acquired
using a Rigaku D/Max-IIB diffractometer
employing Cu-Ko radiation. Attempts were
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made to make random powder mounts by packing
the material into an Al holder but strong preferred
orientation was still evident in the powder
patterns. The powder pattern of the yellow
material is complex with more than 70 reflections
between 3 and 60°260 Cu-Ko. The pattern of the
wet material shows reflections dominantly from
sideronatrite, a few weak reflections of natrojar-
osite, and several weak unidentified reflections.
No reflections of tamarugite are present. After
drying in air, reflections of metasideronatrite are
present. The intensities of the metasideronatrite
reflections are dependent on the ambient relative
humidity and its reflections dominate over those
of sideronatrite on dry warm days. When heated
to slightly higher temperatures, e.g. when placed
in a sunny location, the sideronatrite changes
completely to metasideronatrite in <l h, In a
damp atmosphere the metasideronatrite reverts to
sideronatrite. The room temperature dehydration
shown by the sideronatrite is in accordance with
previous studies (Zodrow et al., 1979), which
showed formation of metasideronatrite from
sideronatrite exposed to atmospheric conditions
and when stored in a dry nitrogen atmosphere.
Other studies (Scordari and Milella, 1982,
Scordari et al., 1982) heated sideronatrite from
Sierra Gorda (Chile) at 130°C in order to obtain
metasideronatrite. The ease with which metasi-
deronatrite can rehydrate to sideronatrite was also
noted by Césbron (1964).

Formation

Pyrite oxidizes in several stages under atmo-
spheric conditions (Dent, 1986) to form sulphuric
acid and iron hydroxide, possibly through the
intervention of autotrophic bacteria such as
Thiobacillus ferrooxidans (Banfield and Nealson,
1997). Reaction to form sideronatrite from pyrite
in an oxidizing environment may be represented
as:

FeS, + 20, + 4H,0 +2Na" —
NayFe(SO4)2(OH)-3H,0 + H'

With analogy to acid sulphate soils (Dent,
1986), this reaction probably proceeds through
several stages of oxidation and the different stages
do not necessarily occur at the same point. In acid
sulphate soils there is spatial separation between
pyrite and its oxidation products: jarosite, iron
oxides, and gypsum (van Breemen, 1976).

The tamarugite that occurs in the sea-spray
environments is thought to form by the reaction

between sulphuric acid, from pyrite decomposi-
tion, and Al-rich clays in the sediments, and Na
from the sea spray (Segnit, 1976; King, 1998). It
is uncertain why the Barton-on-Sea efflorescence
should be Fe-rich whereas minerals formed in
nearly similar conditions are Al-rich. The
presence of extensive covering of sideronatrite
on cliffs at Barton-on-Sea may be attributed to its
low solubility in cold water and hence it may
survive for appreciable lengths of time.
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