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aBstract

A new type of Al-rich hydroxylian pseudorutile (HPR), containing 64.6 wt% TiO2, 12.1 wt% Al2O3, 
10.9 wt% Fe2O3, and 12.4 wt% H2O, has been identified in detrital heavy mineral concentrates from 
Central Kalimantan, Indonesia. The unusual translucent orange-colored grains have been character-
ized using electron microprobe analyses, thermal analyses, 27Al MAS NMR, and synchrotron XRD 
studies including the use of differential pair distribution function analysis, to determine how the Al 
is incorporated. The results support a model in which diaspore-form AlOOH is incorporated into 
nanopores in the solid hydrogel-like mineral. The HPR matrix structure comprises disordered unit-cell 
scale intergrowths of diaspore-type and rutile-type structure elements, which have a close dimensional 
match to the diaspore structure, thus providing a suitable template for epitactic nucleation and growth 
of the diaspore. The average composition of the grains is [FeTi6O10.8(OH)5.4]·1.8AlOOH·H2O, where 
the formula within the square brackets represents the HPR matrix, and the AlOOH and H2O occupy 
the intragrain pore volume. 
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IntroductIon

The supergene alteration of ilmenite, Fe2+TiO3, to high titania 
products in placer and sedimentary deposits proceeds through the 
formation of an intermediate oxidized titanate phase called pseu-
dorutile. The original characterization of pseudorutile (Teufer 
and Temple 1966) gave its composition as Fe3+

2 Ti3O9, suggesting 
that it forms by oxidation and leaching of Fe. Studies by Russian 
workers, however, emphasized the importance of hydration in 
the weathering process. Dyadchenko and Khatuntseva (1960) 
demonstrated that ilmenite alteration involves simultaneous and 
interdependent oxidation and hydration reactions, and that the 
intermediate alteration phase has an extended range of homoge-
neity, expressed as Fe2O3·nTiO2·mH2O, with 1 < m < 2 and 3 < n 
< 5 (range of TiO2 ~60–70 wt%). Most of the water is strongly 
held with a dehydration temperature > 450 °C (Dyadchenko and 
Khatuntseva 1960), suggesting that it is structural, most likely 
as hydroxyl ions. 

The important role of hydration in pseudorutile formation was 
confirmed by the hydrothermal preparation of pseudorutile-type 
synthetic phases and their characterization as oxyhydroxides, 
with structures based on atomic-scale intergrowths of rutile-
type and goethite-type (FeOOH) components as in the mineral 
tivanite, VTiO3OH (Grey et al. 1983; Grey and Nickel 1981). 
The alteration of ilmenite to pseudorutile can thus be considered 
in terms of proton exchange for Fe coupled with oxidation (Frost 
et al. 1983; Grey and Li 2001), with the mean pseudorutile 

composition being FeTi2O5(OH) (Ignatiev 1999). 
Alteration beyond the pseudorutile phase field is accompa-

nied by a progressive decrease in the water and Fe content and 
eventual crystallization of TiO2 polymorphs, principally rutile. 
This phase field is referred to commonly as leucoxene. In the 
early stages of leucoxenization (70–80 wt% TiO2), amorphous 
or nanocrystalline alteration products are obtained, referred to 
as a solid hydrogel of titania (Dyadchenko and Khatuntseva 
1960) or as microcrystalline rutile, with a typical crystallite size 
of 10 nm (Ignatiev 1999).

We have recently reported the characterization of a new 
ilmenite alteration phase from Murray Basin placer deposits in 
southeastern Australia that has a pseudorutile-like X-ray diffrac-
tion pattern, but with a much higher (Ti)/(Ti+Fe) atomic ratio 
range, 0.85 to 0.9, than that for pseudorutile, 0.6 to 0.7 (Grey 
and Li 2003). The higher Ti atomic fractions correspond to the 
leucoxene phase field. However, the mineral has over 10 wt% of 
strongly bound water, whereas leucoxene typically has less than 
4 wt% water (Dyadchenko and Khatuntseva 1960). A mineral 
with similar compositional features has been found in Tertiary 
sands in southern Germany (Bautsch et al. 1978). Based on the 
high structural water content and pseudorutile diffraction pattern, 
the phase can be described as hydroxylian pseudorutile (HPR). 
The average composition for HPR in the Murray basin deposits 
is [FeTi6O11.5(OH)4]·2.5H2O, where the water is considered to be 
distributed throughout the nanopores of the HPR grains. 

Individual HPR grains in the Murray Basin deposits com-
monly contain residual unaltered picroilmenite cores having * E-mail: ian.grey@csiro.au


