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Unusual Al-Si ordering in calcic scapolite, Me79.6, with increasing temperature
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INTRODUCTION

The scapolite series is a common group of rock-form-
ing framework aluminosilicate minerals with formulae 
(Na,Ca,K)4[(Al,Si)3Al3Si6O24](Cl,CO3,SO4) that occur in a wide 
variety of metamorphic and altered igneous rocks (Deer et al. 
1992). Scapolites may also be storage sites for volatiles in the 
lower crust and upper mantle (Lovering and White 1969), and 
may be an indicator of the activities of the volatile components 
(Jiang et al. 1994; Kullerud and Erambert 1999; Moecher and 
Essene 1990, 1991).

Scapolite forms solid solutions between the end-members 
marialite, Na4(Al3Si9O24)Cl = Me0, meionite, Ca4(Al6Si6O24)CO3 
= Me100, and Ca4(Al6Si6O24)SO4 (= silvialite = Me100) (Deer et 
al. 1992; Teertstra et al. 1999). The meionite percentage [%Me 
= 100 Ca/(Na + Ca + K) = 25 Ca, as the M site is filled] may be 
used as a chemical index to indicate the compositions of scapolite 
(Shaw 1960). The scapolite composition varies by replacement 
of (Na4·Cl)Si2 for (NaCa3·CO3)Al2 from Me0-Me75 (series-1), 
whereas the meionite-rich end from Me75-Me100 (series-2) is 
governed by the replacement of (NaCa3·CO3)Si for (Ca4·CO3)
Al (Hassan and Buseck 1988). The cage clusters (Na4·Cl)3+ and 
(NaCa3·CO3)5+ are ordered, whereas the clusters (NaCa3·CO3)5+ 
and (Ca4·CO3)6+ are disordered (Hassan and Buseck 1988). The 
(Na4·Cl)3+ and (NaCa3·CO3)5+ clusters change from the ordered to 
the disordered state on heating (Antao and Hassan 2002); in par-
ticular, the Na-Ca atoms disorder with increasing temperature.

Seto et al. (2004) suggested that Me-rich scapolite is formed 
at high T with space group I4/m and, on rapid cooling, may not 
change to space group P42/n and remained metastable at room 
T, thereby implying that an I-P transition exists for scapolite. 
High-T studies may reveal such a transition, if present.

Detailed in situ high-T structural data are not available for 
scapolite-group minerals. In addition to the importance of high-T 
structural characterization of the scapolite series, such data are 
important for determining the stability of scapolite, Al-Si order-
ing, Na-Ca ordering, and for understanding the antiphase domain 
boundaries (APBs) that are commonly observed, particularly, in 
intermediate scapolite.

High-T studies also have petrologic implications for thermo-
dynamic and phase equilibria involving scapolite. For example, 
Moecher and Essene (1990) stated that Al-Si disorder in meionite 
has the greatest effect on derived phase relations. They also 
mentioned that available experimental data on meionite stability, 
XRD refinements, and nuclear magnetic resonance spectra for 
calcic scapolite do not uniquely constrain the Al-Si ordering state 
of synthetic meionite. However, the data are most consistent with 
a high degree of Al-Si disorder and inconsistent with long-range 
Al-Si order. Similar assumptions regarding Al-Si ordering were 
made by Goldsmith and Newton (1977) and Baker and Newton 
(1994). These assumptions need to be tested experimentally.

As a starting point for the high-T structural characteriza-
tion of the scapolite series, a sample with composition Me79.6 
was chosen for this study because differential thermal analysis 
(DTA), thermogravimetry (TG), and differential scanning calo-
rimetry (DSC) results for Me79.6 showed no changes to 900 °C 
(Antao and Hassan 2002). These thermal analyses indicate that 
scapolite is stable until 1150 °C with loss of volatiles (CO2 and 
NaCl) that occur around 1171 and 1232 °C. Therefore, Me79.6 
should be stable within the T range of the present study to 900 
°C. However, this sample has minor inclusions of clusters from 
series-1 scapolite that are ordered in a homogeneous framework 
and may also contain antiphase domain boundaries (APBs) that 
arise from ordering of clusters (Hassan and Buseck 1988), or 
from Al-Si ordering (Seto et al. 2004).* E-mail: sytle.antao@anl.gov

ABSTRACT

A scapolite sample, Me79.6, from Slyudyanka, Siberia, Russia, has been studied using in situ syn-
chrotron powder X-ray diffraction (XRD) and Rietveld structure refinements on heating from 26 to 
900 °C and on cooling to about 300 °C. The structure was modeled and refined in space group I4/m. 
An accurate room-temperature structure was also obtained by using synchrotron high-resolution 
powder X-ray diffraction (HRPXRD) data and Rietveld structure refinement. From HRPXRD, the cell 
parameters are a = 12.16711(2), c = 7.575466(5) Å, and V = 1121.461(3) Å3; <T1-O> and <T2-O> are 
1.643(1) and 1.672(1), respectively, so the T1 (Al0.25Si0.75) and T2 (Al0.46Si0.54) sites are partially ordered 
at room temperature. On heating, the <T-O> distances indicate that the T1 and T2 sites become more 
Si- and Al-rich, respectively, and therefore, ordering increases unusually with increasing temperature. 
This increase in Al-Si ordering occurs from 892 to 900 °C. At 900 °C, the T1 site becomes fully or-
dered with only Si atoms, while the T2 site contains Al0.51Si0.49 and therefore, is fully disordered. On 
cooling, the sample does not fully revert back to the original partially ordered state. At 300 °C, all the 
cell parameters are smaller because of the increased Al-Si ordering that is quenched in.
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