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Leucite at high pressure: Elastic behavior, phase stability, and petrological implications
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Abstract

Elastic and structural behavior of a natural tetragonal leucite from the volcanic Lazium district 
(Italy) were investigated at high pressure by in situ single-crystal X-ray diffraction with a diamond 
anvil cell under hydrostatic conditions. A first-order phase transition, never reported in the literature, 
was observed at P = 2.4 ± 0.2 GPa from tetragonal (I41/a) to triclinic symmetry (analysis of diffraction 
intensities suggests the space group P1), accompanied by a drastic increase in density of about 4.7%. 
The transition pressure was bracketed by several measurements in compression and decompression. 
No further phase-transition has been observed up to 7 GPa. Fitting a second-order Birch-Murnaghan 
equation of state (BM-EoS) to the pressure-volume data of the tetragonal polymorph, we obtain K0 = 
41.9(6) GPa and K′ = 4 (fixed). In the case of the triclinic polymorph, a second-order BM-EoS gives 
K0 = 33.2(5) GPa. The eulerian finite strain (fe) vs. normalized stress (Fe) curves were calculated for the 
low- and high-P polymorphs, providing Fe(0) = 42(1) and Fe(0) = 33.2(4) GPa, respectively. The axial 
bulk modulus values of the tetragonal polymorph, calculated with a linearized BM-EoS, are K0(a) = 
34.5(5) and K0(c) = 78(1) GPa. For the triclinic polymorph, we obtain K0(a) = 35.9(5), K0(b) = 34.9(7), 
and K0(c) = 35.5(7) GPa. The elastic behavior of the low-P polymorph appears to be more anisotropic 
than that of the high-P polymorph. The HP-crystal structure evolution of the tetragonal polymorph of 
leucite was studied on the basis of six structural refinements at different pressures between 0.0001 and 
1.8 GPa. The main deformation mechanisms at high-pressure are due to tetrahedral tilting, giving rise 
to an increase of the ellipticity of the four- and six-membered rings of the tetrahedral framework. The 
T-O bond distances are practically invariant within the stability field of the tetragonal polymorph. The 
complex P-induced twinning, due to the tetragonal → triclinic phase-transition, and the low quality of 
the diffraction data at pressure above the phase-transition, did not allow the refinement of the crystal 
structure of the triclinic polymorph.
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Introduction

Leucite is commonly defined as a feldspathoid, with ideal 
formula K16Al16Si32O96, although the Commission of the Interna-
tional Mineralogical Association attributed leucite to the zeolite 
group (Coombs et al. 1997), mainly because of the structural 
homologies with analcime. Leucite occurs as a primary mineral 
in volcanic rocks, especially potassium-rich mafic and ultra-
mafic rocks [e.g., leucite-basanites, leucite-tephrites, leucite-
phonolites, leucite-melilite basalts, ugandites, and katungites 
(Peccerillo 1998, 2003, 2005; Deer et al. 2004)].

Leucite is isotypic with analcime (Gottardi and Galli 1985; 
Armbruster and Gunter 2001; Baerlocher et al. 2001). The crystal 
structure of open-framework silicates belonging to the “analcime 
group” [analcime Na16Al16Si32O96·16H2O, leucite, wairakite 
Ca8Al16Si32O96·16H2O, pollucite Cs12Na4Al16Si32O96·12H2O, and 
hsianghualite Li16Ca24Be24Si24O96F16 (Armbruster and Gunter 
2001)] results from the combination of two “secondary build-
ing units” (SBU), consisting of four- and six-membered rings 

of tetrahedra, as shown in Figure 1 (Baerlocher et al. 2001). 
The framework topology of this group of minerals (i.e., ANA 
topology) shows the maximum symmetry (Ia3d, Baerlocher et 
al. 2001). In leucite, the extra-framework content is represented 
only by K, which is located at the same site occupied by H2O in 
the analcime structure, forming a distorted polyhedron with six 
K-O bond distances between 2.96 and 3.14 Å and six distances 
between 3.50 and 3.76 Å (Mazzi et al. 1976). 

All crystals of natural leucite grow as cubic crystals at natural 
conditions (T > 900 °C), with space group Ia3d and a ≈ 13.54 Å 
(Faust 1963; Peacor 1968; Taylor and Henderson 1968; Mazzi 
et al. 1976; Palmer et al. 1989, 1990, 1997). With decreasing 
temperature, leucite undergoes two phase transitions between 
600 and 700 °C with a reduction of symmetry from cubic to 
tetragonal (high-T: Ia3d → I41/acd; low-T: I41/acd → I41/a). The 
two phase transitions are displacive and lead to large spontaneous 
strains (Palmer et al. 1989, 1997). A recent calorimetric study 
performed by Newton et al. (2008), interpreted with Landau 
theory, showed that the thermodynamic character of both the 
aforementioned T-induced phase-transitions in leucite is near-
tricritical, with TTR-1 ≈ 646 °C (and TC1 ≈ 644.9 °C) and TTR-2 ≈ * E-mail: diego.gatta@unimi.it


