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Kalsilite, KAlSiO4, is an end-member of the ternary system,
NaAlSiO4 (nepheline)-KAlSiO4-SiO2, which includes many
important rock-forming minerals. Previous studies have provided
several space groups for kalsilite: P6322 (Bannister and Hey,
1942), P63 (Perrotta et al., 1965), P63mc (Dollase and Freeborn,
1977), and P31c (Cellai et al., 1997). In this study, a natural
kalsilite, (K0.92Na0.07)(Al0. 93Fe3+0.04Si1. 03)O4, from San
Venanzo, Italy, was investigated with a Bruker X8 Apex CCD
single-crystal X-ray diﬀractometer. The crystal is hexagonal with
a = 5.1589(2) Å, c = 8.6682(3) Å, and V = 199.79(13) Å3. Weak
diﬀuse scattering was observed along some strong reﬂections,
but no twinning was detected. Observed systematic absences
suggest possible space group P63 or P6322, but the intensity data
point to P6322. The structure reﬁnements based on P6322 symmetry (25 variables, 585 reﬂections) with SHELX97 produced an R1
factor of 0.0260, compared to that of 0.0271 based on P63 (43
variables, 1057 reﬂections). This study provides the ﬁrst substantiated structure of kalsilite with its originally reported symmetry
P6322.
The P6322 structure of kalsilite is characterized by the disordering of both O1 and O2 atoms, with O1 on the 6h (1/3 occupancy) and O2 on the 12i (1/2 occupancy) positions, as a consequence
of the rigid-body motion of the (Si,Al)O4 group. While the small
amount of Na occupies a site that is 0.3 Å away from the K
position, the Al and Si atoms occupy the same 4f site. This observation agrees with the measured Raman spectrum, which exhibits
a single strong Si–O–Si stretching peak at 350 cm 1.
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The equation of state (EOS) of crustal ﬂuids (H2O–CO2–
NaCl) over the wide range of P and T is the most important for
understanding geochemical processes. However, in the region
P < 100 MPa and 350 °C < T < 600 °C, SUPCRT92 (Johnson
et al., 1992) which is most available calculation program cannot
estimate the thermodynamic properties of high salinity solution
with high CO2 concentrations because of the eﬀects of charged
species. The EOS that is speciﬁed for high saline H2O–CO2–NaCl
(>25 wt%) systems has not been also established yet, because
experiments have not been done successfully around the critical
point.
Now we have developed a new apparatus; a mini-piston/cylinder system set in the pressure vessel of our tri-axial deformation
apparatus. V is measured by monitoring the motion of the
mini-piston, and T is measured by a thermocouple continuously
and synchronously. This apparatus serves for the experiments
on high saline crustal ﬂuids with high CO2 concentrations under
the conditions up to 200 MPa and 600 °C. We veriﬁed the performance of our apparatus by comparing our experimental data for
pure water and H2O–10 or 20 mol% CO2 with the calculated values from the preexisting EOS (Duan et al., 1995) over the P–T
conditions attainable. Our experimental data are consistent with
preexisting EOS within accuracy of about 1%. Our innovative
experimental technique will establish the EOS of any kind of
crustal ﬂuids in the near future.
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