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ABSTRACT

We have made new chemical analyses of a large number of samples of meliphanite from Norway and of leucophanite from
both Norway and Mont Saint-Hilaire, Quebec. Infrared spectra were collected on a sample of each mineral to confirm the lack of
(OH) groups, inferred on the basis of absence of any absorption bands in the OH-stretch region. Four samples were chosen for
crystal-structure analyses, two crystals of meliphanite from localities in Norway and two leucophanite samples (one REE-rich)
from Mont Saint-Hilaire, Quebec. The anomalous biaxial character of tetragonal meliphanite is likely due to stress within the
crystal structure as a result of twinning. The crystal structure of meliphanite from Arøy, Norway is presented in detail, as this
represents material used in the early description of this mineral. It is tetragonal I4̄, a 10.5257(3), c 9.8868(4) Å, V 1095.37(8) Å3

and Z = 2. The structure refined to R = 0.025 using 1578 observed (>4� Fo) reflections. The crystal-structure analysis established
the simplified formula Ca4(Na,Ca)4Be4AlSi7O24(F,O)4; the essential Al orders in the layer of tetrahedra, which differentiates it
from leucophanite, Ca4Na4Be4Si8O24F4. Meliphanite is structurally related to the melilite group of minerals, in which the topology
of the layer of tetrahedra defines a two-dimensional net (53)(54). The expansion of this series of structures from melilite to
leucophanite to meliphanite requires subtle modifications in this net to accommodate cation order, both among the larger cations
and the small tetrahedrally coordinated cations. This ordering is dictated by local bond-valence requirements.
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SOMMAIRE

Nous avons effectué de nouvelles analyses chimiques d’un grand nombre d’échantillons de méliphanite de Norvège et de
leucophanite de Norvège et du Mont Saint-Hilaire, Québec. Chaque échantillon a été analysé par spectroscopie infrarouge afin de
confirmer l’absence de bandes d’aborption dans la région de l’étirement des groupes OH. Nous avons choisi quatre échantillons
pour une ébauche de la structure cristalline, deux de méliphanite de localités norvégiennes et deux de leucophanite (dont un
enrichi en terres rares) du Mont Saint-Hilaire. Le caractère biaxe anomale de la méliphanite tétragonale serait dû aux contraintes
à cause des macles. Nous décrivons en détail la structure de la méliphanite provenant d’Arøy, en Norvège, parce que c’est ce
matériau qui a été utilisé dans les premières descriptions de cette espèce. Elle est tétragonale, I4̄, a 10.5257(3), c 9.8868(4) Å, V
1095.37(8) Å3, avec Z = 2. La structure a été affinée jusqu’à un résidu R de 0.025 en utilisant 1578 réflexions observées (>4� Fo).
Nos résultats établissent la formule simplifiée de cette espèce: Ca4(Na,Ca)4Be4AlSi7O24(F,O)4; l’aluminium, essentiel, est ordonné
dans la couche de tétraèdres, ce qui distingue la méliphanite de la leucophanite, Ca4Na4Be4Si8O24F4. La méliphanite est
structuralement apparentée au groupe de la mélilite, dans lequel la topologie de la couche de tétraèdres définit un réseau
bidimensionnel (53)(54). L’expansion de cette série de structures, de la mélilite à la leucophanite et ensuite à la méliphanite,
requiert des modifications subtiles du réseau afin d’accommoder la mise en ordre des cations, à la fois les plus gros et ceux qui
possèdent une coordinence tétraédrique. Cette mise en ordre serait régie par les exigeances locales des valences de liaison.

(Traduit par la Rédaction)

Mots-clés: méliphanite, Arøy, Norvège, Al essentiel, structure, maclage, mise en ordre des cations, réseaux.
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INTRODUCTION

Meliphanite was first described by Scheerer (1852)
from Fredriksvärn (now Stavern), Norway. The origi-
nal name, “melinophan”, from Greek meli, honey,
phainomai, to appear, alluded to its characteristic honey-
yellow color. In the original description, Scheerer
(1852) mentioned that the mineral also was found at
Brevig (now Brevik) on the Langesundsfjord. Prior to
this, Erdmann (1840) described in detail the mineral
“leucophan” (now leucophanite) from Brevig. This
name also alludes to the mineral’s appearance, from the
Greek, leucos, white.

The crystal structure of each mineral was described
in 1967, leucophanite by Cannillo et al. (1967) and
meliphanite by Dal Negro et al. (1967). Both structures
were determined and refined using X-ray diffraction
intensities measured by film techniques. The R indices
were 0.094 for leucophanite and 0.104 for meliphanite.
We refined the structure of leucophanite as part of an-
other project (Grice & Hawthorne 1989), but the struc-

ture refinement of meliphanite would not refine to an
acceptable level of confidence.

We have investigated about 50 specimens of leuco-
phanite and meliphanite. Many of these were studied
optically to check the indicatrix, and many were chemi-
cally analyzed with an electron microprobe. In total, four
crystal-structure refinements were done: two on
leucophanite (one reported in Grice & Hawthorne 1989)
and two on meliphanite. Although good structure refine-
ments were readily attained for leucophanite, initially
those for meliphanite were unacceptable. The structure
refinement of the sample from Stokkøy, Vestfold
County, Norway (specimen CMNMC 46861), was our
first indication of a problem. Several grains of this speci-
men were checked optically, and they are uniaxial. Fur-
ther investigation of the sample showed areas in the
crystal that are biaxial (Fig. 1).

Examination of the crystal-structure data of Dal
Negro et al. (1967) revealed that the atom coordinates
of meliphanite may be transformed into those of
leucophanite using the relation [x, y, z] → [x – y + ¾,
x + y, z + ¼]. The relation between the two structures is
discussed later. This relation suggested the possibility
that meliphanite is merely twinned leucophanite and
thus not a valid species. The accurate crystal-structure
of meliphanite, criteria for its differentiation from
leucophanite, and its geochemical significance have
now been determined.

EXPERIMENTAL

Samples studied

Samples were selected from several collections:
Canadian Museum of Nature (CMNMC), Ottawa,
Canada; Geological Survey of Canada, Ottawa, Canada;
Geological Museum (GM), Copenhagen, Denmark;
Royal Ontario Museum, Toronto, Canada; Swedish
Museum of Natural History (SMNH), Stockholm, Swe-
den and the Mineralogisk-Geologisk Museum (MGM),
Oslo, Norway. We have not been successful in finding
any of the meliphanite from the original description of
Scheerer (1852). Initially, we believed that some of this
“type material” was at Bergsakademie, Freiberg, but that
is incorrect (A. Massanek, pers. commun.). The Swedish
Museum of Natural History provided some of the
material studied by Brögger (1890) and Bäckström
(1890) for new chemical analyses and an investigation
of optical properties. This is as close to “type” material
as we could obtain, and it is the best standard for a defi-
nition of the species.

Optical properties

Although meliphanite is often cited in textbooks as
having uniaxial optical properties, it has been known
for some time that it can also display biaxial character
(Vlasov 1966). In the samples we studied, we found both

FIG. 1. A crystal fragment of meliphanite from Stokkøy,
Norway (sample CMNMC 46861) oriented approximately
on (001). In partially crossed nicols, the areas of uniaxial
(dark shade) and biaxial character (lighter shade) can be
readily seen. Width of field of view: 3 mm.
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uniaxial and biaxial meliphanite, but only biaxial
leucophanite. Figure 1 shows a good example of
meliphanite with both uniaxial and biaxial character
(shades of grey indicate differing degrees of biaxial
character).

Chemical analysis

To date, we have analyzed 34 samples of meliphanite
and leucophanite with an electron microprobe. Table 1
gives average results of the chemical analyses of
meliphanite from Norway (10 samples) and of leuco-
phanite from both Norway (8 samples) and Mont Saint-
Hilaire (16 samples, denoted MSH). Also in Table 1 are
chemical data for specific samples used for crystal-
structure analyses or X-ray powder diffraction. In all
cases, we assumed Be to be present in stoichiometric
amounts. Chemical analyses were done in wavelength-
dispersion (WD) mode on a JEOL 733 electron micro-
probe using Tracor Northern 5500 and 5600 automation.
Data reduction was done with a PAP routine in
XMAQNT (C. Davidson, CSIRO, pers. commun.). The

operating voltage of the electron probe was 15 kV, and
the beam current was 20 nA, with a beam diameter of
40 �m. Data for all elements in the samples were col-
lected for 25 s or 0.50% precision, whichever was at-
tained first. A 100 s energy-dispersion scan indicated
no elements with Z > 8 other than those reported here.
The following standards were used in the electron-mi-
croprobe analyses: bytownite (SiK�), tephroite (MnK�),
albite (NaK�), diopside (CaK�), phlogopite (FK�), al-
mandine (FeK�), chrysoberyl (AlK�), zincite (ZnL�),
synthetic yttrium iron garnet (YIG) (YK�), and a set of
synthetic REE phosphates (CeL�, NdL�, LaL�, SmL�,
EuL�, GdL�, TbL�, DyL�, HoL�, ErL�, TmL�, YbL�,
LuL�). Data for standards were collected for 50 s or
0.25% precision, whichever was attained first. The REE
raw data were corrected for overlaps.

Infrared spectroscopy

The infrared-absorption spectra of meliphanite
(Fig. 2a, sample SMNH 531225 from Arøy, Norway)
and leucophanite (Fig. 2b, sample MGM 28481 from
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FIG. 2. Infrared-absorption spectra for (a) meliphanite and (b) leucophanite.

Eikaholmen, Norway) were obtained using a Bomen
Michelson MB–120 Fourier-transform infrared spec-
trometer. Of particular interest was the lack of any ab-
sorption bands in the 3000 cm–1 range indicative of
presence of (OH). These two samples were chosen for
their low F content; thus any substitution within this
atomic site must be attributed to O2– and not (OH)–. The
absorption bands in the range 1200 to 700 cm–1 may be
attributed to stretching modes of the tetrahedral groups.
With meliphanite having the greater number of distinct
cation sites with tetrahedral coordination, one might

have expected the spectrum for meliphanite to be more
complicated (more splitting of bands) than that for
leucophanite within this region, but the converse is ob-
served.

X-ray powder diffraction

Powder X-ray-diffraction (XRPD) results were ob-
tained using a Philips PW1729 diffractometer with
CuK� radiation (� = 1.54056 Å) and a scan rate of 0.02°
2�/s for the 2� range 10 to 120° 2� (Table 2). Compari-
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son of the XRPD spectra for meliphanite (sample
SMNH 531225 from Arøy, Norway) and leucophanite
(sample CMNMC 28560 from Låven, Norway) shows
small but significant differences in d-values that distin-
guish the two species: for meliphanite 7.213, 4.250,
2.7999, 2.6996 Å, and for leucophanite, 5.933, 4.624,
3.466, 3.029 and 2.3611 Å.

Crystal-structure refinements

The crystal structure of two samples of meliphanite
and two samples of leucophanite have been refined. The
results of the crystal-structure analysis of leucophanite
low in total REE (Table 1, sample CMNMC 53455)
were provided by Grice & Hawthorne (1989). A second
crystal of leucophanite with much higher concentrations
of REE (Table 1, sample CMNMC 36557) was also re-
fined, and brief mention is given to this experiment in
the discussion below. For the intensity-data measure-
ment, an equidimensional crystal of ~0.10 mm was used
in all four cases. Intensity data were collected on a Si-
emens P3/P4 four-circle diffractometer operated at
50 kV, 40 mA, with graphite-monochromated MoK� ra-
diation. Diffraction data were collected to 2� = 60° in
�:2� scan-mode, with scan speeds inversely proportional
to intensity, varying from 1.5 to 29.3°/min. All calcula-
tions were done with the SHELXTL PC PLUS system
of programs. For the ellipsoidal absorption correction,
intense diffraction-maxima in the range 8 to 60° 2� were
chosen for � diffraction-vector scans at 5° intervals
of �.

The two refinements of the meliphanite structure
were done in the tetragonal space-group I4̄ (#82). Care
must be taken to correctly orient the direct cell with re-
gard to the a and b vectors. These are not interchange-
able in point group 4̄. If an incorrect orientation is
adopted, we found that the refinement would not pro-
ceed beyond approximately R = 0.10; there is no easy
way to determine this orientation uniquely prior to re-
finement. Both samples refined to a residual index of R
= 0.02. The crystal from Arøy (sample SMNH 531225)
is a single crystal with distinctly uniaxial optics. As this
material is the sample closest to the type material avail-
able, we describe that structure in detail here. The crys-
tal from Stokkøy (sample CMNMC 46861) is that
shown in Figure 1, with biaxial optical character. It is
likely that this biaxial optical character is caused by
stress within the crystal structure due to twinning. A
merohedral twin model with {100} as the twin plane
had to be used to reduce the agreement factor below R =
0.07. At that level of refinement, there is very little dis-
tinction in ordering of cations within the Si, Al and Be
tetrahedra; only after incorporating the twin model can
this distinction be made. The crystal-structure analysis
established the simplified formula as Ca4(Na,Ca)4Be4
AlSi7O24(F,O)4; the essential Al orders in the layer of
tetrahedra, differentiating it from leucophanite,
Ca4Na4Be4Si8O24F4. Table 3 summarizes information



976 THE CANADIAN MINERALOGIST

for this experiment (sample SMNH 531225), and Table
4 contains the final atom-coordinates, anisotropic-dis-
placement parameters and bond-valence sums, and
Table 5 contains selected interatomic distances and
angles. Observed and calculated structure-factors have
been submitted to the Depository of Unpublished Data,
CISTI, National Research Council of Canada, Ottawa,
Ontario, K1A 0S2 Canada.

DISCUSSION OF MELIPHANITE

AND RELATED STRUCTURES

Comparison of the atom coordinates for the
meliphanite structure as determined by Dal Negro et al.

(1967) with our findings may be made directly, as our
intensity data were reoriented. The Si(1) site of Dal
Negro et al. (1967) is the Al site in the present refine-
ment, and the Si sites are renumbered, keeping the same
order. The crystal structure of meliphanite is layered on
(001) (Fig. 3). The close relation of the meliphanite and
leucophanite structures and the dominant twin-plane are
shown in Figure 4. It should be noted that although one
of the leucophanite crystals used in crystal-structure
analysis is rich in REE (sample CMNMC 36557 in
Table 1), the lowering of symmetry to triclinic reported
by Cannillo et al. (1992) could not be confirmed. The
statistics obtained in the authors’ experiment would not
allow an interpretation of ordering of REE within the
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cation sites. Without this cation order, the crystal struc-
ture remains in the orthorhombic crystal system. If the
interpretation of Cannillo et al. (1992) is correct, then
their mineral is not leucophanite but a new mineral spe-
cies.

Meliphanite and leucophanite are structurally related
to the melilite group of minerals. Members of this group,
åkermanite, gehlenite, gugiaite and hardystonite, have
the general formula A2T1T22X7 with A = Na, Ca; T1 =
Al, Be, Mg, Zn; T2 = Al and Si, and X = O, F. In addi-
tion to these minerals, several related phases have been
synthesized (Armbruster et al. 1990). The dominant fea-
ture in the crystal structure of all these compounds is
the sheet of T1 and T2 tetrahedra. The strongly bonded
sheets are cross-linked into a three-dimensional struc-
ture by more weakly bonded alkali and alkaline-earth
cations (A cations). To understand the relation of
leucophanite and meliphanite, it is necessary to exam-
ine the topology of the layer of tetrahedra.

Within the melilite group, the crystal structures of
several minerals have been refined; of particular inter-
est in the present case are gehlenite, Ca2Al(Si,Al)2O7
(Louisnathan 1971) and gugiaite, Ca2BeSi2O7 (Yang et
al. 2001). These isomorphous structures have space-
group symmetry P4̄21m; in gehlenite, Al occupies the
T1 site with point symmetry 4̄, and the T2 site (with
point symmetry m) is occupied by Al½Si½; in gugiaite,
Be occupies the T1 and Si the T2 sites. If we consider
the sheet as a two-dimensional net (e.g., Smith 1977,
Hawthorne & Smith 1986), it may be represented by
the general symbol (53)1(54)1; the vertices representing
centers of tetrahedra within the layer of tetrahedra out-
line a pentagonal net, and there are two types of verti-
ces, 3-connected and 4-connected. In gugiaite, Be
occupies the (54) vertex, and Si occupies the (53) vertex
(Fig. 5a, Table 6). In the leucophanite structure, the
degree of complexity within the net increases to
(53)2(54)1, with Si1 and Be at each of the (53) vertices
and Si2 at the (54) vertex (Fig. 5b, Table 6). This rever-
sal in preference of Be for a (53) than a (54) vertex was
explained by Grice & Hawthorne (1989) in terms of
satisfaction of local bond-valence requirements within
the sheet by the addition of F. The meliphanite structure
builds further on this theme, with a net topology
(53)2(54)3 (Fig. 5c, Table 6). Again, Be occupies a (53)
vertex and has a F ligand, Si3 occupies the other (53)
vertex, Si1 and Si2 occupy (54) vertices, and Al occu-
pies the largest tetrahedral site with a (54) vertex.
Aminoffite (Hurlbut 1937) was initially classified in the
melilite group because of its chemical similarity,
Ca3Be2Si3O10(OH)2, and it has the same crystal system
and a very similar cell to that of meliphanite. Looking
closely at the crystal structure, we see that the net is dra-
matically different, (4.62)2(64) (Fig. 5d, Table 6). In that
structure, Be occupies a 3-connected vertex, (4.62), as
does Si1, whereas Si2 is at a 4-connected vertex (64).
As F stabilizes Be at 3-connected vertices in leucopha-
nite and meliphanite, it is the (OH) group that satisfies

the local bond-valence requirements for Be in ami-
noffite. Aminoffite should not be classified in the
melilite group of structures.

The differences between the closely related miner-
als leucophanite and meliphanite are now well under-
stood. They may be differentiated by powder diffraction
(differing d-values at low 2�), single-crystal X-ray dif-
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fraction (orthorhombic P lattice in leucophanite, and a
tetragonal I lattice in meliphanite) and chemical analy-
sis (leucophanite has very little or no Al, whereas
meliphanite has essential Al). It is of interest that
although the two minerals are closely related, they do
not coexist. This mutual exclusion is likely geochemi-
cal rather than crystal chemical, as differences in the
activity of Al in the environment of growth of these
minerals seem critical in their paragenesis.
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