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Structural adjustments induced by heat treatment in ilvaite
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ABSTRACT
To verify the oxidation-dehydrogenation reaction induced by heat treatment of ilvaite in air, a
crystal from Elba Island, Italy, was selected for annealing experiments and crystal chemical study. Xray intensity data were collected and structure refinement was performed after each heat treatment
(temperatures ranged from 400 to 700 °C). Oxidation of Fe2+ as well as loss of H atoms were deduced
from examination of the structural changes occurring as the heating temperature was increased.

INTRODUCTION
Ilvaite is a mixed-valence Fe-bearing sorosilicate, typically
occurring as a late forming mineral in Ca-Fe-Si skarn deposits
(Burt 1971). Its chemical composition does not differ significantly from the ideal end-member, Ca Fe22+Fe3+ (Si2O7)O(OH),
except for a considerable amount of Mn, mainly substituting
for Fe2+ and, to a lesser extent, Ca (Carrozzini 1994); minor
replacement of Fe2+ and Fe3+ by Mg and Al respectively were
also observed (Naslund et al. 1983; Finger and Hazen 1987;
Carrozzini 1994).
Ilvaite was considered to be orthorhombic (Belov and
Mokeeva 1954; Beran and Bittner 1974; Haga and Takéuchi
1976), until Bartholomé et al. (1968) pointed out the existence
of a monoclinic phase (space group P21/a). In the orthorhombic phase, Fe occupies two distinct octahedral positions: (1)
the eightfold Wyckoff position 8d (labeled M1) and (2) the
fourfold Wyckoff position 4c (labeled M2). The M1 site is randomly occupied by Fe2+ and Fe3+, whereas M2 is completely
filled by Fe2+ and Mn2+, if any is present (Haga and Takéuchi
1976). At room temperature, ordering of Fe2+ and Fe3+ cations
occurs, thus causing a small deviation from orthorhombic Pnam
symmetry: as the mirror plane normal to the c axis is lost, the
eightfold M1 site splits up into two independent crystallographic sites, M11 (4e) and M12 (4e), which mainly accommodate Fe2+ and Fe3+ respectively. This crystallographic phase
transition occurs within the range 60–70 °C (Ghose et al. 1984a;
Ghose et al. 1985; Robie et al. 1988). In the chemically pure
synthetic ilvaite it occurs at 117 °C (Ghazi-Bayat et al. 1992).
Complete ordering between Fe2+ and Fe3+ should result in a
β angle value of 90.45°, whereas complete disordering leads
to β = 90.00° (Takéuchi et al. 1983). Ilvaites with β angle values ranging from 90.00° to ca. 90.35° are observed in nature
(Takéuchi et al. 1993) and the degree of disorder is considered
to vary accordingly. However, as Takéuchi et al. (1983) pointed
out, different factors can combine to simulate disorder greater
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than actuality, such as polysynthetic twinning or c/2 displacement along the cation array of the octahedral chains. The value
of the β angle is also affected by Mn content (Ghazi-Bayat et
al. 1989). Intrinsically orthorhombic ilvaite may not exist in
nature (Takéuchi et al. 1993). Variation of β angle or coexistence of different degrees of monoclinicity in the same crystal
are apparently related to variation in mode and scale of
twinnings incorporated with mainly inhomogeneous distribution of Mn (Takéuchi et al. 1994).
Several monoclinic structure refinements have been performed using both X-ray single crystal intensities (Finger et
al. 1982; Takèuchi et al. 1983; Ghose et al. 1985; Finger and
Hazen 1987; Ghose et al. 1989; Takéuchi et al. 1993; Carrozzini
1994; Takéuchi et al. 1994) and neutron powder diffraction
data (Ghose et al. 1984b). Accurate structural data determined
over a wide temperature range have been correlated with
thermophysical, magnetic, and electrical properties (Yamanaka
and Takéuchi 1979; Nolet and Burns 1979; Litterst and
Amthauer 1984; Ghazi-Bayat et al. 1987; Robie et al. 1988;
Xuemin et al. 1988; Ghazi-Bayat et al. 1989; Ghazi-Bayat et
al. 1992). The role of pressure (Evans and Amthauer 1980;
Finger and Hazen 1987; Ghazi-Bayat et al. 1993) as well as
the effect of the Mn2+ ↔ Fe2+ and Al ↔ Fe3+ substitutions has
been also examined (Ghazi-Bayat et al. 1989; Ghazi-Bayat et
al. 1992; Amthauer et al. 1997). However, no structural data
have been published concerning the behavior of ilvaite structure above 147 °C, except for the paper published by Robie et
al. (1988), which measured the unit-cell dimensions of an ilvaite
crystal within the temperature range 25–800 °C.
According to these authors, in this range, in addition to ordinary thermal expansion, three changes were observed: (1) monoclinic to orthorhombic phase at 70 °C; (2) orthorhombic to “a
substantially different orthorhombic phase” at about 600 °C;
(3) decomposition at about 750 °C. They also pointed out a
dramatic change, not reversible in vacuum, near 430 °C, where
a and c parameters deviate from their linear trend. This behavior, according to Robie et al. (1988), is probably related to a
chemical reaction involving iron oxidation and hydrogen loss:
Ca Fe22+Fe3+(Si2O7)O(OH) → Ca Fe2+Fe23+(Si2O7)O2 + 1/2H2.
This also accounts for the loss in weight (up to 0.5 wt%) ob1604

