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Metanatroautunite, Na[(UO2)(PO4)](H2O)3, from the Lake Boga granite, Victoria, Australia, has 
tetragonal symmetry, space group P4/ncc, with the unit-cell parameters: a = 6.9935(7), c = 17.5101(12) 
Å, V = 856.40(13) Å3, and Z = 4. The crystal structure has been solved and refined to R1 = 0.0398 
for 368 unique reflections [F > 4σ(F)] and 0.0456 for all 496 unique reflections. Metanatroautunite 
has an almost identical corrugated polyhedral sheet to meta-autunite-group minerals, consisting of 
corner-sharing uranyl square pyramids and phosphate tetrahedra. Hydrogen bonds (and cation-oxygen 
bonds) link the water molecules in the interlayer into square-planar sets, which are connected together 
creating 8-membered arrays. Metanatroautunite is identical to synthetic Na[(UO2)(PO4)](H2O)3.
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introduction

Minerals of the autunite and meta-autunite groups, as well 
as synthetic variants, have been well studied (e.g., Smith 1984; 
Finch and Murakami 1999; Burns 1999; Locock and Burns 
2003; Locock et al. 2004). These minerals are fairly common 
in various environments and may control U concentration 
in many groundwater systems (Finch and Murakami 1999). 
Granitic rocks commonly release small amounts of uranium 
during the weathering process (e.g., Dill et al. 2010; Korzeb et 
al. 1997), and in combination with the weathering of other min-
erals, particularly fluorapatite, can create diverse assemblages 
of uranium phosphate secondary minerals. An example of this 
process and occurrence is the Devonian Lake Boga Granite, 
which is a highly fractionated, S-type intrusion, and one of the 
largest in the southern part of the Palaeozoic Lachlan Fold Belt 
of eastern Australia (Mills 2003; Mills et al. 2008a; Birch et al. 
2011). Uranium contents in the granite range from 3 to 64 ppm 
(mean ∼20 ppm) in samples from the only accessible outcrop. 
Assuming that these are representative of the entire intrusion, 
the Lake Boga Granite, at least in part, can be interpreted as a 
disseminated, low-grade uranium reservoir containing acces-
sory magmatic uraninite and monazite–cheralite series phases 
(with up to 7.9 wt% UO2), as well as hydrothermal fluorapatite 
crystals exhibiting U-enriched zones (up to 400 ppm) (Mills 
et al. 2008a). Weathering of these primary phases (especially 
uraninite and fluorapatite) has given rise to a suite of secondary 
uranium phosphates, two of which (ulrichite and lakebogaite) are 
new species (Birch et al. 1988; Mills 2004; Mills et al. 2008b; 
Mills and Birch 2010). Other uranyl phosphate species present 
at Lake Boga include saléeite, torbernite, and metanatroautunite, 
the subject of this manuscript.

Metanatroautunite was first described from Lake Boga by 
Mills (2004) and its complicated history, nomenclature, and 
naming were discussed therein. Originally described as “sodium 

meta-autunite” by Chernikov et al. (1957) and Chernikov and 
Organova (1994) from the Kuruk U deposit, Tajikistan, meta-
natroautunite formed there by rapid dehydration of natroautunite 
upon exposure to air (Chernikov 1981). Metanatroautunite 
was thought to be tetragonal, with the space group P4/nmm 
(by analogy with meta-autunite—Frondel 1958); however, 
crystal-structure analysis was not performed by Chernikov and 
Organova (1994).

An exceptional cluster (Fig. 1) of transparent lemon yellow 
metanatroautunite crystals up to 0.7 mm across, were discovered 
in a small miarolitic cavity within vuggy granite (registered 
specimen M51559, Museum Victoria). One of these crystals 
was selected for single-crystal analysis and herein we report 
the results.

ExpEriMEntal MEthodS
Single-crystal X-ray data were obtained on a Rigaku R-Axis Rapid II curved 

imaging plate microdiffractometer utilizing monochromatized MoKα radiation. 
The Rigaku CrystalClear software package was used for processing the structure 
data, including the application of an empirical absorption correction. As described 
by Locock et al. (2004), careful examination of the data for all meta-autunite-
group minerals needs to be undertaken. Initially, a good fit to the diffraction data 
was found by using the unit cell: a = 6.9916(4) and c = 8.7529(6) Å; in fact, the 
data can be refined, with an Rmerg of 0.0539, to R1 = 0.0475. However, further 
examination of the data showed that the correct unit cell for metanatroautunite 
is, in fact, a = 6.9935(7) and c = 17.5101(12) Å. Reflections corresponding to 
the doubled c axis are weak and can easily be overlooked. The doubled c dimen-
sion is corroborated by examining the effect of halving c in the full data set by 
using the matrix [100/010/00½]. The result is that about half of the reflections 
violate primitive symmetry and a significant portion of these violations have an 
intensity greater than 3σ.

The structure was solved by direct methods using SHELXS-97 (Sheldrick 
2008) and the location of the U and O atoms in the polyhedral sheet was straight-
forward. The Na/O atom was located upon inspection of the difference-Fourier 
map and its occupancy was fixed during refinement to a ratio of 0.75O:0.25Na, 
consistent with the chemistry. SHELXL-97 software (Sheldrick 2008) was used, 
with neutral atom scattering factors, for the refinement of the structure. During 
the refinement, the structure of synthetic Na[(UO2)(PO4)](H2O)3, denoted as 
NaUP by Locock et al. (2004), was used as a guide to determine the correct 
atom placements in the structure. Refining the atoms of the polyhedral sheet 
with anisotropic displacement parameters except for the Na/O site, yielded R1 = * E-mail: smills@museum.vic.gov.au


