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INTRODUCTION

There is still controversy concerning the true nature of three
of the natrolite group minerals: paranatrolite, tetranatrolite, and
gonnardite. The present paper: (1) presents a new crystal struc-
ture analysis of tetranatrolite from Mont Saint-Hilaire, Canada,
(2) compares the Mont Saint-Hilaire tetranatrolite structure to
three previous structure studies of tetranatrolite and one study
of gonnardite, (3) establishes that tetranatrolite is a dehydra-
tion product of paranatrolite, (4) presents chemical, morpho-
logic, and petrologic data to show that dehydrated paranatrolite
(tetranatrolite) is chemically distinct from gonnardite, and (5)
makes additional interpretations on the paragenetic, chemical,
and structural relationships of tetranatrolite, gonnardite, and
paranatrolite.

MINERALOGICAL REVIEW

Tetranatrolite and paranatrolite

Tetranatrolite was first described by Anderson et al. (1969),
occurring as prismatic crystals in hydrothermal veins within

the Ilimaussaq alkaline massif of Greenland. They found the
mineral to be tetragonal, I4–2d, a = 13.043(1), c = 6.619(1) Å,
with the composition (based on Al + Si = 40) Na14.28K0.01

Ca0.37Al15.37Si24.63O80·16.30H2O.
Chen and Chao (1980) reported a second occurrence of

tetranatrolite from an alkaline gabbro-syenite complex at Mont
Saint-Hilaire, Québec, Canada. This tetranatrolite appears as
epitactic overgrowths on natrolite. Single-crystal X-ray photo-
graphs of a composite natrolite-tetranatrolite crystal showed
that this tetranatrolite has tetragonal symmetry, I4

–
2d or I41md,

with a = 13.098(2), c = 6.635(2) Å. Recalculation of the chemi-
cal composition of tetranatrolite from previous electron micro-
probe (EPMA) chemical analysis (Chen and Chao 1980, Table
3) gives the chemical composition as: Na14.09K0.74Ca0.83

(Fe,Ti)0.07Al15.66Si24.34O80.51·16.58H2O. They also suggested that
tetranatrolite is a dehydration product of another phase.

Further understanding of the paragenesis of tetranatrolite
was given by Chao (1980). He found that the overgrowths on
some of the Mont Saint-Hilaire natrolite crystals were not
tetranatrolite but rather a more hydrated form which he named
paranatrolite, having the composition Na14.00Ca0.80K0.72Fe0.08

Al15.60Si24.16O80·24H2O and pseudo-orthorhombic symmetry with
a = 19.07(1), b = 19.13(1), c = 6.580(3) Å. These Mont Saint-
Hilaire specimens were collected from a very moist environ-
ment and preserved in water, thus preventing dehydration of
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ABSTRACT

The structure of tetranatrolite from Mont Saint-Hilaire, Québec (U.S. National Museum sample
R1830) with a = 13.197(7) Å, c = 6.630(9) Å, and space group I4–2d, was refined using single-crystal
X-ray data. A representative formula of tetranatrolite determined from electron microprobe analysis
is Na12.50K0.01Ca2.93Sr0.11Al19.09Si20.91O79.74·nH2O. The structure has the basic natrolite Si-Al-O frame-
work configuration with Na, Ca, Sr, and K residing within inter-framework cages. Aluminum is
disordered over the T1 and T2 tetrahedral sites, with T2 > T1. Water molecules O4 and O5 coordi-
nate the intercage atoms and have high displacement parameters, indicating disorder within the
cages. The Mont Saint-Hilaire tetranatrolite structure is compared to four previously determined
structures, two tetranatrolite samples from Khibiny and Lovozero, Russia and two “gonnardite”
samples from Tvedalen, Norway and Gignat, France. Observations are given to indicate that the
Norwegian sample deduced to be tetranatrolite rather than gonnardite. Although the crystal struc-
tures of tetranatrolite and gonnardite are very similar, it is shown that the tetranatrolite compositions
differ significantly from those of gonnardite. The tetranatrolite composition series varies along the
join Na16Al16Si24O80–Na12Ca4Al20Si20O80, and is represented by the formula Na16–xCaxAl16+xSi24–x

O80·nH2O, where x extends from approximately 2.4 to 3.9. In contrast, gonnardites from Arkansas
and Austria have compositions that vary along the join Na16Al16Si24O80–Na4Ca8Al20Si20O80, which are
represented by the formula ��xNa16–3xCa2xAl16+xSi24–xO80·nH2O and where �� indicates vacant intercage
cation sites and x varies from approximately 0.3 to 3.2. Tetranatrolite is a dehydration product of
paranatrolite and probably does not have a true stability field.
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