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abstraCt
Crystals of laihunite from Xiaolaihe of Liaoning Province, northeast China, were studied using
selected-area electron diffraction (SAED), high-resolution transmission electron microscopy (HRTEM),
and Z-contrast imaging. Z-contrast images directly reveal ordered vacancies in M1 sites. The results
M) with ideal stoichiometry of
2+
3+
0.5Fe 0.5Fe SiO4. 2-layer laihunite and 3-layer laihunite are found to be chemically different from
laihunite-1M. The 2-layer laihunite can be viewed as a periodic intergrowth of laihunite and fayalite
in the 1:1 ratio. The 3-layer laihunite can be considered to be a periodic intergrowth of laihunite and
fayalite in the 1:0.5 ratio along the c-axis. Ideal stoichiometries for the 2-layer structure and the 3-layer
3+
2+
3+
structure are 0.5Fe2+
2.5Fe [SiO4]2 and
1.0Fe 3.0Fe 2.0[SiO4]3, respectively. The structural intergrowth
of the 3-layer laihunite and the 1-layer lahunite results in chemical compositions falling within the
3+
range between the two aforementioned structures, such as the chemical formula of 0.4Fe2+
0.8Fe 0.8SiO4,
reported earlier in the literature.
The crystal structures of the 1-layer laihunite (1M), the 2-layer laihunite (2M), and the 3-layer laihunite (3Or) determined from Z-contrast images and ab initio calculations using the density functional
theory (DFT) have space groups of P21/b, P21/b, and Pbnm, respectively. The previously reported
monoclinic symmetry for the 3-layer laihunite may be an artifact due to overlapping diffraction spots
from both, the laihunite-3Or and the laihunite-1M. Our study demonstrates that the method of combining Z-contrast imaging and ab initio calculation can be effectively used for identifying structures
of nano-phases in host crystals. Perhaps more importantly, Z-contrast imaging provides a powerful
means for direct observation of vacancies and other defects, and may be utilized to map vacancies in
Fe3+-bearing olivines, the alignments of which can greatly affect anisotropic diffusion in such structures.
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introduCtion
Laihunite that has a distorted olivine-type structure with
ferric and ferrous irons and ordered distribution of vacancies
was first discovered in a high-grade metamorphosed banded
iron formation (BIF) (Laihunite Research Group 1976; Fu et al.
1982). The occurrence of laihunite is not limited to metamorphosed BIFs. Laihunite was also found in certain black fayalite
(Schaefer 1983, 1985), martian meteorite (Noguchi et al. 2009),
some ferric-fayalite from granite, and Fe-bearing olivine from
volcanic and intrusive rocks (Sueno et al. 1985; Banfield et al.
1990, 1992; Janney and Banfield 1998; Putnis 1979; Xu et al.
1992; Konishi and Xu 2012). The laihunite, which coexists
with fayalite, magnetite, quartz, ferrosilite, almandine, and
hedenbergite, was formed in the process of oxidation of fayalite
during metamorphism (Fu et al. 1982; Wang 1982; Kitamura
et al. 1984). The structure refinement of the 1-layer laihunite
shows P21/b symmetry and ordered arrangement of vacancies
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in half of the M1 sites of a fayalite structure (Fu et al. 1982).
A proposed ideal structural formula for the 1-layer laihunite is
2+
3+
0.5Fe 0.5Fe SiO4 (Fu et al. 1982). However, structural details
regarding symmetry and the number of vacancies in the structures are still a matter of controversy (Fu et al. 1982; Tamada et
al. 1983; Ferrifayalite Research Group 1976). To address these
questions, it was proposed that the 1-layer structure is an average
of the 3-layer laihunite that has a tripled periodicity along the
c-axis with respect to fayalite structure (Shen et al. 1984; Tamada
et al. 1983). A recent ab initio calculation result even suggested
that 1-layer laihunite structure may have a triclinic symmetry
(Chatterjee and Saha-Dasgupta 2010).
Transmission electron microscopy (TEM) and some X-ray
studies have shown that there are also domains of fayalite, the
3-layer, and the 2-layer structures that are intergrown with
laihunite (Li et al. 1981; Fu et al. 1982; Kitamura et al. 1984;
Sueno et al. 1985; Chou 1985; Kondoh et al. 1985). Singlecrystal structure refinement of a 3-layer laihunite was carried
out based on P21/b symmetry (Shen et al. 1982, 1984). It was
found that a 3-layer laihunite synthesized by oxidizing fayalite

