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abStract

The previously published crystal structure study suggested that haiweeite is orthorhombic, Cmcm, 
with a = 7.125(1), b = 17.937(2), c = 18.342(2) Å, and V = 2344.3(7) Å3, and an ideal chemical for-
mula Ca[(UO2)2Si5O12(OH)2]⋅3H2O, with Z = 4. Using single-crystal X-ray diffraction and electron 
microprobe analysis we re-examined haiweeite from the Teofilo Otoni, Minas Gerais, Brazil. Our 
diffraction experiment provided weak reflections responsible for doubling of the b cell parameter (for 
the current space-group settings), leading finally to the choice of a different space group. Haiweeite is 
thus orthorhombic, the space group Pbcn, with the unit-cell parameters a = 18.3000(5), b = 14.2331(3), 
c = 17.9192(5) Å, V = 4667.3(2) Å3, and an ideal formula Ca[(UO2)2(SiO3OH)2(Si3O6)]⋅6H2O (6.25 
H2O inferred from the thermal analysis; 7.50 H2O from the structure model), with Z = 8. The structure 
refinement yielded R1 = 0.0512 for 2498 observed reflections [Iobs > 3σ(I)] and wR2 = 0.1286 for all 
6117 unique reflections. Structure solution confirmed by subsequent refinement provided a structure 
model with full occupancies for U, Si, and Ca atoms, contrasting to previous average structure model. 
Although the general topology of our structure resembles that reported previously, all Si and O sites 
in our structure are fully occupied, in contrast to the previous structure determination.
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introduction

Haiweeite was first found in 1959 at Coso Mountains, 
California, near the Haiwee Reservoir and described as a new 
mineral species by McBurney and Murdoch (1959). They as-
cribed a chemical formula Ca(UO2)2Si6O15⋅5H2O, Z = 2, to it. 
Based on Weissenberg photographs they inferred haiweeite to 
be probably monoclinic, with the space group P2/c, and unit-
cell parameters a = 15.4, b = 7.05, c = 7.10 Å, and β = 107.52°. 
Since that find, haiweeite has been found on many localities in 
the world. Namely, exceptional specimens of haiweeite originate 
from Brazil pegmatite localities, such as Minas Gerais or São 
Paulo. The first structure determination was done by Rastsvetae-
va et al. (1997) using X-ray single-crystal diffraction data on a 
twinned microcrystal. The reported crystal structure involved a 
new type of sheet of uranyl pentagonal bipyramids and silicate 
tetrahedra. However, their model could not be fully refined and 
resulted in an R-factor of 11.8% (using space group P212121) and 
unit-cell dimensions a = 14.263(3), b = 17.988(3), c = 18.395(3) 
Å. Later, Burns (2001) reported a full structure determination 
for a haiweeite crystal from Teofilo Otoni, Minas Gerais, Brazil. 
The crystal structure was refined to R1 = 4.2% for 1181 unique 
observed reflections [|Fo| ≤ 4σ(F)], for orthorhombic space 
group Cmcm, with a = 7.125(1), b = 17.937(2), c = 18.342(2) Å, 
and V = 2344.3(7) Å3 with Z = 4, and resulted in the structural 
formula Ca[(UO2)2Si5O12(OH)2](H2O)3. Despite of the lower 

R-factor and at the first glance reasonable structure solution, 
the crystal structure contains a few peculiar features similar to 
those reported by Jackson and Burns (2001) for weeksite, which 
has been later revisited by Fejfarová et al. (2012). The crystal 
structure of haiweeite provided by Burns (2001) contains a few 
Si and O sites, which are populated by 50 and 25%, respectively, 
indicating that the model is actually just a representation of an 
average structure. Also the coordination of the Ca atom yielded a 
strongly distorted octahedron, which is less usual in the oxysalts 
containing Ca2+. Our study presents a new determination of the 
haiweeite structure from single-crystal X-ray diffraction data. 
The refinement of the crystal structure of haiweeite was per-
formed for the orthorhombic space group Pbcn.

experimental methodS
The haiweeite sample used in this study originates from the Teofilo Ottoni, 

Minas Gerais, Brazil. Its chemical composition (Table 1) was analyzed using a 
Cameca SX100 electron microprobe at Masaryk University, Brno, with an operating 
voltage of 15 kV, 10 nA current, and 8 µm beam diameter. The following X-ray 
lines, crystals, and standards were selected to minimize line overlap: Kα lines: 
Si (TAP, titanite), Ca (PET, titanite), K (PET, sanidine); and Mβ lines: U (LPET, 
U metal). Peak counting times were 10–20 s for major elements and 40–60 s for 
minor or trace elements. Counting time on background was half of peak counting 
times. The measured intensities were converted to element concentrations using the 
“X-PHI” correction routine (Merlet 1994). Thermal analysis (TGA) of haiweeite 
was performed on a Stanton–Redcroft Thermobalance 750 using a 3.937 mg 
sample, a heating rate of 10 °C/min and a dynamic air atmosphere (10 mL/min).

The long prismatic, yellow haiweeite crystal with dimensions 0.352 × 0.049 
× 0.023 mm3 was selected and examined using an Oxford Diffraction Gemini 
single-crystal diffractometer equipped with the Atlas CCD detector and a mono-* E-mail: plasil@fzu.cz


