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ABSTRACT

The crystal structure of normandite from Amdrup Fjord, Greenland and from Mont Saint-Hilaire, Quebec, was solved and
refined to a residual R1 of 0.033 and 0.047, respectively. Normandite is a member of the cuspidine group and, more precisely, the
Ca—Ti-dominant analogue of l�venite. Consequently, its structure can be described in terms of ÒwallsÓ of octahedra, intercon-
nected by corner-sharing and through disilicate groups. These structural ÒmodulesÓ are arranged with the same topology as in
cuspidine, hiortdahlite-II, janhaugite and niocalite. EPMA and SEM studies of the Amdrup Fjord material show distinct chemical
zoning due to a wide variation of the major elements Na, Ca, Mn, Zr, and Ti, such that a Òl�veniticÓ core gives way to a
ÒnormanditicÓ margin. From these data, the following ideal crystal-chemical formulae are derived: NaCaMnTiSi 2O7OF for
normandite and NaNaMZrSi2O7F2 (M = Mn, Fe, Ca, Ti) for l�venite.
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SOMMAIRE

Nous avons r�solu et affin� la structure cristalline de la normandite provenant du fiord Amdrup, au Gro µnland, et du Mont
Saint-Hilaire, au Qu�bec, jusquÕ� un r�sidu R1 de 0.033 et 0.047, respectivement. La normandite fait partie du groupe de la
cuspidine; plus pr�cis�ment, il sÕagit de lÕanalogue de la l�venite avec dominance de Ca et de Ti. Par cons�quent, on peut d�cr ire
sa structure en termes de parois dÕocta�dres, li�s entre eux par partage de coins et par lÕinterm�diaire de groupes disilicat�s . Ces
ÒmodulesÓ structuraux partagent la m�me topologie que la cuspidine, la hiortdahlite-II, la janhaugite et la niocalite. LÕ�chant illon
du fiord Amdrup fait preuve de zonation impliquant une variation importante des �l�ments majeurs Na, Ca, Mn, Zr, et Ti (donn�es
de microsonde �lectronique et de microscopie �lectronique � balayage), de sorte que le noyau est Òl�venitiqueÓ et la bordure,
ÒnormanditiqueÓ. DÕapr�s ces donn�es, nous proposons les formules cristallochimiques id�ales suivantes: NaCaMnTiSi 2O7OF
pour la normandite et NaNaMZrSi2O7F2 (M = Mn, Fe, Ca, Ti) pour la l�venite.

(Traduit par la R�daction)

Mots-cl�s : normandite, l�venite, groupe de la cuspidine, structure cristalline, zonation Zr—Ti.
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INTRODUCTION

Highly alkaline igneous intrusions such as those
found at Mont Saint-Hilaire (Quebec), Kangerdlugssuaq
(East Greenland) and the Kola Peninsula (Russia) are
characterized by a preponderance of alkali niobo-,
titano- and zirconosilicates belonging to the astro-
phyllite, eudialyte and cuspidine groups. The newest
member of the latter group is normandite, with an ideal
formula NaCa(Mn,Fe)(Ti,Nb,Zr)Si2O7OF; it was
recently described from the type locality at Mont Saint-
Hilaire, Quebec (Chao & Gault 1997), and subsequently
found at Khibina Massif, Kola Peninsula (MenÕshikov
et al. 1998). Reports of a phase with similar properties
and chemical composition have been noted previously
in the literature [e.g., Kola Peninsula: Vlasov (1966),
Tenerife, Canary Islands: Ferguson (1978), Tamazeght,
Haut Atlas, Morocco: Khadem Allah (1993)]. On the
basis of preliminary studies (Chao & Gault 1997), it was
proposed that normandite might form a solid solution
with its potential Zr-dominant analogue, l�venite.

During a recent examination of specimens con-
taining the newly recognized eudialyte-group mineral
kentbrooksite (Johnsen et al. 1998) from the Kanger-
dlugssuaq intrusion at Amdrup Fjord, East Greenland,
a new occurrence of normandite was identified. A study
was initiated to resolve the crystal-structure of the min-
eral and to investigate its crystal-chemical relationship
with l�venite and other members of the cuspidine group.
Concurrently, a similar study had been initiated with
normandite from Mont Saint-Hilaire. Therefore we de-
cided to join our efforts, and the results are provided
herein.

OCCURRENCE

Normandite and l�venite from Amdrup Fjord are
macroscopically indistinguishable, both occurring as
yellow-brown crystals, platy on {100}, elongate on
[001], and ranging in length from 0.1 to 1 cm. The min-
eral occurs with other titano- and zirconosilicates such
as catapleiite, eudialyte, hiortdahlite, kentbrooksite and
kupletskite in pegmatitic bodies of variable grain-size.
The pegmatites are interpreted to have crystallized from
late-stage melts injected into already consolidated
plutonic rocks (Kempe & Deer 1970). At Mont Saint-
Hilaire, normandite is found as aggregates of orange-
brown, acicular crystals up to 1 cm in length and as
patches of yellow, fibrous crystals occurring both as
phenocrysts in nepheline syenite and free-standing crys-
tals in miarolitic cavities in nepheline syenite (Chao &
Gault 1997).

To test for the possible presence of other phases of
the cuspidine group in Amdrup Fjord material, seven
crystals from two specimens were examined by single-
crystal Weissenberg techniques. As stressed by Merlino
& Perchiazzi (1988), this is the most appropriate
technique to unambiguously identify the various mem-

bers of this group; moreover, possible twinning, struc-
tural disorder, and presence of more than one phase in
the same crystal can also be revealed. Such a Weissen-
berg study indicated the presence of a single l�venite-
like phase with cell type I and space-group symmetry
P21/a (Merlino & Perchiazzi 1988; see following dis-
cussion). A similar study was not performed on the
Mont Saint-Hilaire material.

STRUCTURE DETERMINATION

The structure of normandite was determined inde-
pendently using crystals from Amdrup Fjord and Mont
Saint-Hilaire. A crystal from Amdrup Fjord was
selected from those studied by Weissenberg techniques
and mounted on a Siemens four-circle diffractometer.
Intensity data were collected under the following
operating conditions: 50 kV and 40 mA, graphite-
monochromatized MoKa radiation. A v—2u scan mode
was employed, with a scan width (in u) of 0.8° and a
scan speed of 2°/min. An absorption correction was per-
formed using the method of North et al. (1968), on the
basis of C-scan measurements on a set of 15 reflections.
The measured intensities were corrected for Lorentz and
polarization effects to give a set of 1884 independent
squared structure amplitudes (Rint = 0.0241). Informa-
tion pertinent to the data collection is provided in
Table 1.

A crystal from Mont Saint-Hilaire was mounted on
a Siemens three-circle diffractometer (University of
Notre Dame) equipped with a SMART CCD detector
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and a crystal-to-detector distance of 5 cm. Intensity data
were collected using monochromatic MoKa radiation
and frame widths of 0.2° in v, with 30 s used to acquire
each frame. More than a hemisphere of data was
collected; the data were then analyzed for peaks used in
the determination of unit-cell dimensions. The latter data
were subsequently refined by least-squares techniques
to produce the values given in Table 1. The data were
reduced and corrected for Lorentz, polarization and
background effects using the Siemens program SAINT.
Additional information related to the data collection is
given in Table 1.

The structure solution using the Amdrup Fjord
material employed the atomic coordinates of l�venite
(Mellini 1981) as a starting model, including the
assumption that the four independent ÒoctahedralÓ sites
are each occupied by Zr, Fe, Ca and Na. Refinement of
the structure was carried out using the SHELXL—93
(Sheldrick 1993) program. In five cycles of isotropic
refinement, R converged to 0.09, thus validating the
initial structural model. To complete the structure
refinement, we took into account the displacement
parameters, the peak heights in the Fourier maps, bond
lengths and angles, and calculations of bond-valence
sums. The latter made it possible to identify the site
occupied predominantly by F and to assess the occu-
pancies of the octahedrally coordinated cations, as
reported in Table 2.

The structure of the Mont Saint-Hilaire material was
solved through direct methods using the program
SHELX—90 (Sheldrick 1990) and refined by means of
the SHELXL—93 package (Sheldrick 1993). Scattering
curves for neutral atoms and anomalous dispersion
corrections were taken from Cromer & Mann (1968) and
Cromer & Liberman (1970), respectively.

Table 2 includes the final positional coordinates and
equivalent isotropic-displacement parameters for
normandite from both Mont Saint-Hilaire and Amdrup
Fjord.

DESCRIPTION AND DISCUSSION OF THE STRUCTURE

The crystal structure of normandite is represented in
Figure 1, in terms of octahedra and tetrahedra (the actual
coordination of Ca cations, which present two additional
long bond distances, will be discussed later). The heights
in c/8 with respect to the plane normal to the [001]
direction and passing through the origin are reported for
both the cations and the bridging oxygen atoms of the
diorthosilicate groups.

As discussed by Merlino & Perchiazzi (1988), the
crystal structures of minerals belonging to the cuspidine
group can be most easily described in terms of two
ÒmodulesÓ: first, ÒwallsÓ of edge-sharing octahedra four
columns wide and running along c, and second,
diorthosilicate groups, which are corner-linked to the
walls. Each wall is connected by corner-sharing to four
other walls, and each Si2O7 group to three walls. Ten

topological types exist, corresponding to ten distinct
ways in which the silicate groups can be connected to
the framework of octahedra, and they can be distributed
among four types of unit cells (Table 2 in Merlino &
Perchiazzi 1988).

Normandite, along with cuspidine, l�venite,
niocalite, hiortdahlite-II and janhaugite, exhibits cell
type I and structure type 1, with topological symmetry
P21/a (Merlino & Perchiazzi 1988). The distribution of
the cations in the walls of octahedra leads to the different
topochemical symmetry (following the terminology of
P.B. Moore, in Smith 1970) achieved in each phase. In
particular, the topochemical symmetry coincides with
the topological one in cuspidine, l�venite and norman-
dite, whereas it is reduced to Pa in niocalite, and to Pł1
in hiortdahlite-II; in janhaugite, the ordering of the cat-
ions results in a doubling of the c parameter and in a
space-group symmetry P21/n.

With the exception of cuspidine, which contains only
calcium cations in the walls of octahedra, all the above-
mentioned minerals have in the outer columns of
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