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Direnzoite, [NaK6MgCa2(Al13Si47O120)·36H2O], a new zeolite from Massif Central (France):
Description and crystal structure
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ABSTRACT
The crystal structure of direnzoite, a new natural zeolite found in the cavities of a xenolitic rock
from the Massif Central (France) is reported. Apparently, direnzoite was formed throughout a process
of hydrothermal crystallization within the vugs of a highly porphyric basalt. The determination of the
crystal structure of this new zeolite was at the limits of the existing experimental techniques because of
the paucity of available specimen, mainly composed of three tiny aggregates of fibrous microcrystals.
The structure of direnzoite, solved by powder methods, was shown to be the K-dominant equivalent of
the synthetic zeolite ECR-1 with a framework composed of layers of mordenite (MOR) and mazzite
(MAZ) connected in a regular 1:1 stacking sequence with assigned framework topology EON. The
chemical composition of direnzoite determined from the structure refinement is (Na0.94K6.62Mg1.42
Ca2.24)(Si,Al)60O120·36.8H2O. The unit cell determined from the Rietveld structure refinement is a =
7.57887(18) Å, b = 18.20098(57) Å, c = 26.15387(83) Å, and the space group is Pmmn.
Six extra-framework sites and 14 water molecules were identified within the zeolite micropores.
Three extra-framework sites are occupied by K+ ions. The others are occupied by Na+, Ca++, and Mg++.
Although direnzoite and ECR-1 share the same framework, the distribution of their extra-framework
cations is rather different. In direnzoite, there are no equivalent positions to C1, C2, and C4 positions found in ECR-1. Only sites C3 and C3b correspond respectively to K3 and Ca in direnzoite. In
direnzoite, K1, K2, and Na correspond to water molecules sites (H2O1, H2O11, and H2O8, respectively) in ECR-1.
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INTRODUCTION

to find other specimens of this apparently new mineral species.
Unfortunately, all the attempts were unsuccessful.
In the meantime, the experimental techniques for the chemical
and structural characterization of micro-volume materials have
rapidly developed with the advent and development of synchrotron radiation (structure determination from powders is now more
or less a routine analysis). Thus, a chance was given to disclose
the crystal chemistry of this species and reveal its structure.
The discovery of a new species is a rare event as about a
hundred natural zeolites are known to date (Armbruster and
Gunter 2001). Thus, the discovery of a new natural zeolite is
very important for the mineralogy community. Moreover, it is
very useful for the understanding of the chemical stability, formation conditions, and properties of the synthetic counterparts
(Gottardi and Galli 1985). Besides the scientific interest, zeolites
have unique physical chemical properties (such as molecular
sieving, cation exchange, dehydration/rehydration, etc.), which
can be used for a nearly infinite number of technological/industrial applications (catalysis, molecular sieving for gas and
liquid separation, animal feeding, agriculture, and others). The
paramount interest in their technological properties is certainly
the impetus to create zeolites in the laboratory. Zeolite synthesis
has now become a viable routine practice in many laboratories all

More than 30 years ago, during a field trip to Massif Central
(France) in search for zeolite minerals, Glauco Gottardi and
Ermanno Galli collected a sub-spherical xenolith of nearly 20
cm in diameter, having an extremely curious and distinctive appearance. Later, a preliminary optical inspection revealed that
the piece of rock contained many cavities filled with crystals of
almost certainly newly formed minerals. The mineralogical characterization (mainly qualitative X-ray diffraction using Gandolfi
camera) confirmed the initial guess. Beside well-known mineral
species such as zeolites, carbonates, and silicates, the diffraction
pattern of small aggregates or a micro-crystalline phase with an
apparently fibrous habit appeared to be different from that of
all the mineral phases reported in the updated JCPDS crystallographic databases. Since the amount of available material
was indeed very small (only three small spherical aggregates of
fibrous micro-crystals were available and no single crystals could
be separated for the determination of the structure), one of the
authors (E.G.) organized three further field trips in the attempt
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