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ABSTRACT

The results of a new single-crystal structure refinement and of a Raman spectroscopy investigation 
on melanophlogite, a clathrate structure of SiO2, are reported. The studied sample comes from a new 
finding at Varano Marchesi (Parma, Italy), and occurs in small veins and pockets along fractures in 
a siliceous marl from a chaotic complex. Melanophlogite is invariably separated from the host rock 
by a thin crust of opal-CT. 

Raman spectroscopy was done to investigate the guest molecules that are hosted in the cages of 
the structure. In the Varano Marchesi melanophlogite, only CH4 is present in the clathrate structure. 
During a comparative investigation of melanophlogite from different geological setting (Racalmuto, 
Sicily, Italy), H2S also was found, together with CH4, in the cavities of the structure.

A single-crystal X-ray refinement of the Varano Marchesi sample was done using the Pm3n sym-
metry of -melanophlogite [a = 13.399(2), R4  = 4.7%]. According to the site refinement from X-ray 
diffraction results, CH4 occupies 71 and 91% of the 512 and 51262 site cavities, respectively.

The Varano Marchesi melanophlogite formed as a result of low-temperature hydrothermal activity. 
The mineral growth occurred at the expense of opal, in connection with CH4 flux through the porous 
material. 
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INTRODUCTION

Melanophlogite is a clathrate phase of silica. It is a tecto-
silicate belonging to the clathrasil series of phases structurally 
related to zeolite, with a framework consisting of interconnected 
SiO4 tetrahedra with small isolated cages in between (Liebau 
1988). In these cages, guest molecules, like CH4, N2, and CO2, 
can be present (Gies 1983; Kolesov and Geiger 2003). 

There is recent and growing interest in melanophlogite as 
a possible host for greenhouse gases (Navrotsky et al. 2003), 
although in nature melanophlogite is a rare mineral. In fact, 
melanophlogite is found at only a few localities, related to low-
temperature hydrothermal processes in connection with gaseous 
activity. The enthalpy of formation of melanophlogite is very 
close to that of amorphous silica (Navrotsky et al. 2003) and its 
crystallization is likely due to the templating action of the guest 
gaseous phases, which enables the nucleation of melanophlogite 
(Gies et al. 1982; Navrotsky et al. 2003).

X-ray structural analysis (Gies 1983; Nakagawa et al. 2001, 
2005; Nakagawa and Kihara 2006) has shown that a tetragonal 

 cubic (P42/nbc  Pm3n) phase transition occurs between 

- and the -melanophlogite at 63 °C in the case of the material 
from Mt. Hamilton (Nakagawa et al. 2005). Due to the phase 
transition, a cell doubling along the a and b axes, and a distortion 
from cubic symmetry, are observed. The transition temperature 
is apparently related to the nature of the guest molecules: and 
it was found to vary between 30 and 60 °C (Gies 1983). The 
nature of the interactions of the guest molecules with the silica 
framework was studied using Raman spectroscopy by Kolesov 
and Geiger (2003). They found that Raman-active modes of the 
enclathrated gaseous molecules occurred at significantly lower 
wavenumber than in the case of the free-gaseous molecules. 
Moreover, at least for CH4, two symmetric stretching modes were 
present. This result is consistent with the occurrence of molecules 
in two cavities: the larger 51262 (136 Å3) and the relatively small 
512 (97 Å3) cavity (Gies 1983). Those previously reported struc-
tural and Raman studies were done on melanophlogite from Mt. 
Hamilton (California, U.S.A.), which has N2, CH4, and CO2 guest 
molecules. A combined Raman and single-crystal analysis was 
not performed in samples from other locations, and the effect 
of different gaseous species on the structure of the mineral has 
not yet been investigated.

This paper reports a combined single-crystal X-ray diffraction 
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