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Abstract

Åkermanite (Ca2MgSi2O7) and gehlenite (Ca2Al2SiO7) have been studied at high pressure by 
synchrotron radiation powder and single-crystal diffraction up to 30 GPa. At about 2 GPa, the incom-
mensurately modulated structure (IC) transforms to a normal structure (N). The bulk modulus for the 
N structure, fitted with a Birch Murnhagan EoS on powder data, is 93.5(5) GPa. The compressibility 
is anisotropic, and it is greater along the c axis, in the direction perpendicular to the tetrahedral lay-
ers of the structure. Above 15 GPa, a phase transition is observed, marked by a discontinuity in the 
elastic behavior and a small change in intensity and in the full-width at half maximum (FWHM) of the 
powder diffraction peaks. The diffraction patterns are indexed with respect to tetragonal cell of the N-
melilite structure up to 30 GPa. A hysteresis in the elastic behavior is observed during decompression. 
In contrast, single-crystal data show a new monoclinic phase appearing above 15 GPa. The unit-cell 
parameters are a = 8.82(1) Å, b = 7.34(1) Å, c = 9.13(1) Å, β = 115.1(2)°. This unit cell is similar to 
that of Ca2ZnGe1.25Si0.75O7 reported in the literature. A refinement using the corresponding model in 
space group P21/n fits the single-crystal data with a reasonable RBragg = 15%, considering that the crystal 
is twinned and the mosaicity is large. Gehlenite has a higher bulk modulus, 106.1(4) GPa, than does 
åkermanite. The compressibility is anisotropic, and the behavior is similar to that of åkermanite, but 
the presence of Al in tetrahedral sites decreases the compressibility parallel to the (001) plane. The 
structure of gehlenite is stable up to 25 GPa, when a phase transition occurs. 
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Introduction

The melilites constitute an interesting mineral group. They 
are among the most primitive materials in the Ca-Al-rich inclu-
sions in chondritic meteorites. They are also present in contact 
metamorphic and in magmatic rocks. Melilites are also present 
in industrial slags and cements. Åkermanite, Ca2MgSi2O7, has 
been studied extensively (e.g., Hagiya et al. 1993; McConnell 
et al. 2000; Kusaka et al. 2001 and references therein), because 
it exhibits unique features, in particular the presence of a 2D 
incommensurately modulated structure (IC) at ambient condi-
tions. At ambient pressure and 80 °C, a phase transition from 
the IC structure to the normal (N) one is observed (Hemingway 
et al. 1986; Rothlisberger et al. 1990). At ambient temperature, 
the increase of pressure promotes the transition to the N phase 
at about 1.7 GPa (Yang et al. 1997; McConnell et al. 2000). The 
stability of the IC structure is hence restricted to low-T and low-
P conditions. The gehlenite substitution in åkermanite lowers 
the temperature of the IC/N transition (Merlini et al. 2005), and 
for gehlenite content higher than 20%, the N structure is stable 
at ambient conditions. In this paper, we report the results of 
high-pressure X-ray diffraction studies to investigate the elastic 
behavior of melilites and to define the high-pressure stability 
of the N-åkermanite structure. We have studied synthetic åk-

ermanite and gehlenite samples. Melilite is tetragonal, and the 
structure is composed of layers of (Si,Al) and (Mg,Al) tetrahedra 
connected by Ca in eightfold coordination between the layers. 
The IC structure can be described as the result of a rotation of 
the (Si,Al) tetrahedra with respect to the average position (with 
a non-commensurate periodicity), and consequently as a slight 
distortion of the (Mg,Al) tetrahedra. In the IC structure, the Ca 
sites are non-equivalent and Ca sites with 6-, 7-, and 8-coordina-
tion are present. The relative number of 6-, 7-, and 8-coordinated 
sites and their distribution in the structure is a function of P, T, 
and composition.

Experimental methods
Synthesis of åkermanite and gehlenite is described elsewhere (Merlini et al. 

2005). The high-pressure diffraction experiments were performed at the beamline 
ID09A, at ESRF (Grenoble, France). We used a membrane-type diamond-anvil cell 
(DAC), with He as pressure-transmitting medium. The pressure was measured by 
the ruby fluorescence method (Forman et al. 1972). X-ray wavelength was 0.413 Å. 
The detector used was a Mar345 imaging plate. Powder data were collected during 
DAC ω-oscillations of about 20°. Single-crystal data collections were performed 
with 60° ω scans with 2° step size. The experiments were performed up to 30 GPa, 
and some points were been collected during decompression. The powder IP data 
were integrated with the Fit2D software (Hammersley et al. 1996), masking all the 
diffraction peaks of diamond and solid He. The data have been analyzed with the Ri-
etveld method using the GSAS software (Larson and Von Dreele 1988). Background 
was previously subtracted using the software DatLab (K. Syassen, pers. comm.). 
Single-crystal data have been reduced with the CrysAlis software package (Oxford 
diffraction 2006) and analyzed with the Jana2006 software package (Petricek et al. 
2006). The pressure-volume data have been fit to a third-order Birch-Murnagham * E-mail: merlini@esrf.fr


