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ABSTRACT

Ferrokentbrooksite, ideally Na15Ca6(Fe,Mn)3Zr3NbSi25O73(O,OH,H2O)3(Cl,F,OH)2, is a new member of the eudialyte group
from Mont Saint-Hilaire, Quebec; it is the ferrous-iron-dominant analogue of kentbrooksite. It occurs as reddish brown to red,
pseudo-octahedral crystals to 1 cm in diameter. Associated minerals include microcline, nepheline (partially altered to natrolite),
fluorite, fluorapatite, natrolite, gonnardite, rhodochrosite, aegirine, albite, calcite, sérandite, ancylite-(Ce), and catapleiite. It is
transparent with a vitreous luster and a white streak. It is brittle, with a hardness of 5–6 (Mohs scale). It has no cleavage, no
parting, and an uneven to conchoidal fracture. It is uniaxial negative with � 1.6221(3) and � 1.6186(3). It is trigonal, space group
R3m, a 14.2099(7) and c 30.067(2) Å, V 5257.7(3) Å3, Z = 3. The strongest nine X-ray powder-diffraction lines [d in Å(I)(hkl)]
are: 7.104(38)(110), 5.694(50)(202), 4.300(43)(205), 3.955(31)(214), 3.391(51)(131), 3.207(31)(208), 3.155(31)(217),
2.968(100)(315) and 2.847(98)(404). The infrared spectrum of ferrokentbrooksite is given. An average result of two electron-
microprobe analyses of the grain on which the structure was refined gave Na2O 11.96, K2O 0.44, CaO 7.99, MnO 3.88, FeO 5.08,
SrO 0.45, Al2O3 0.11, Y2O3 0.58, La2O3 1.51, Ce2O3 2.51, Nd2O3 0.53, Sm2O3 0.11, Gd2O3 0.17, SiO2 44.70, TiO2 0.09, ZrO2
11.20, HfO2 0.17, Nb2O5 2.51, Ta2O5 0.16, F 0.40, Cl 0.93, H2O 0.35, O ≡ F, Cl –0.38, for a total of 95.45 wt.%. The amount of
H2O was calculated by stoichiometry from the crystal-structure analysis. The empirical formula of ferrokentbrooksite, based on
77.47 anions as determined in the crystal-structure analysis, is: (Na13.05REE0.99K0.32Ca0.23Sr0.15)�14.74(Ca4.59Mn1.24Y0.17)�6
(Fe2.39Mn0.61)�3(Zr3.00Ti0.04Hf0.03)�3.07(Nb0.64Si0.23Zr0.07Ta0.02)�0.96(Si24.93Al0.07)�25O73(O,OH,H2O)�2.47(Cl0.89F0.71OH0.40)�2;
Dmeas = 3.06(3) g/cm3, Dcalc = 3.06 g/cm3. Ferrokentbrooksite possesses the eudialyte structure, and has Fe as the predominant
element at M(2) replacing Mn. Fe is predominantly five-fold coordinated, and bond-valence calculations indicate it to be divalent.
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SOMMAIRE

La ferrokentbrooksite, dont la formule idéale est Na15Ca6(Fe,Mn)3Zr3Nb Si25O73 (O,OH,H2O)3 (Cl,F,OH)2, est un nouveau
membre du groupe de l’eudialyte découvert au mont Saint-Hilaire, Québec; il s’agit de l’analogue de la kentbrooksite à domi-
nance de Fe2+. Elle se présente en cristaux pseudo-octaédriques brun-rouge à rouge, atteignant 1 cm de taille. Lui sont associés
microcline, néphéline (partiellement transformée en natrolite), fluorite, fluorapatite, natrolite, gonnardite, rhodochrosite, aegyrine,
albite, calcite, sérandite, ancylite-(Ce), et catapléiite. Le minéral est transparent, avec un éclat vitreux et une rayure blanche; il est
cassant, avec une dureté de Mohs de 5 à 6. Il n’y a aucun clivage ou plan de séparation, et la fracture est inégale à conchoïdale.
La ferrokentbrooksite est uniaxe négative, avec � 1.6221(3) et � 1.6186(3). Elle est trigonale, groupe spatial R3m, a 14.2099(7)
et c 30.067(2) Å, V 5257.7(3) Å3, Z = 3. Les neuf raies les plus intenses du spectre de diffraction X (méthode des poudres) [d en
Å(I)(hkl)] sont: 7.104(38)(110), 5.694(50)(202), 4.300(43)(205), 3.955(31)(214), 3.391(51)(131), 3.207(31)(208),
3.155(31)(217), 2.968(100)(315) et 2.847(98)(404). Nous présentons le spectre infrarouge de la ferrokentbrooksite. Les analyses
à la microsonde électronique du cristal ayant servi pour l’ébauche de la structure ont donné, en moyenne, Na2O 11.96, K2O 0.44,
CaO 7.99, MnO 3.88, FeO 5.08, SrO 0.45, Al2O3 0.11, Y2O3 0.58, La2O3 1.51, Ce2O3 2.51, Nd2O3 0.53, Sm2O3 0.11, Gd2O3 0.17,
SiO2 44.70, TiO2 0.09, ZrO2 11.20, HfO2 0.17, Nb2O5 2.51, Ta2O5 0.16, F 0.40, Cl 0.93, H2O 0.35, O ≡ F, Cl –0.38, pour un total
de 95.45% (poids). La quantité de H2O a été calculée par stoechiométrie selon les résultats de l’étude structurale. La formule
empirique de la ferrokentbrooksite, fondée sur 77.47 anions, tel qu’indiqué par les résultats structuraux, est: (Na13.05TR0.99K0.32
Ca0.23Sr0.15)�14.74(Ca4.59Mn1.24Y0.17)�6(Fe2.39Mn0.61)�3(Zr3.00Ti0.04Hf0.03)�3.07(Nb0.64Si0.23Zr0.07Ta0.02)�0.96(Si24.93Al0.07)�25O73
(O,OH,H2O)�2.47(Cl0.89F0.71OH0.40)�2; Dmes = 3.06(3), Dcalc = 3.06 g/cm3. La ferrokentbrooksite possède la structure de l’eudialyte,
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avec Fe comme occupant principal du site M(2) en remplacement de Mn. Le Fe est surtout en coordinence cinq, et d’après un
calcul des valences de liaisons, serait bivalent.

(Traduit par la Rédaction)

Mots-clés: ferrokentbrooksite, eudialyte, nouvelle espèce minérale, structure cristalline, mont Saint-Hilaire, Québec.

during quarrying operations. Some hydrothermal alter-
ation of the dyke rocks has occurred, as indicated in
back-scattered electron imaging. The ferrokentbrooksite
has remained quite fresh except for a thin, glaze-like
alteration to catapleiite along the surface. Mineral spe-
cies associated with ferrokentbrooksite in the pegmatite
are microcline, nepheline (partially altered to natrolite),
fluorite, fluorapatite, natrolite, gonnardite, rhodo-
chrosite, aegirine, albite, calcite, sérandite, ancylite-
(Ce), and catapleiite.

In addition to the holotype specimen, a number of
other analyzed specimens from Mont Saint-Hilaire have
proven to be ferrokentbrooksite, making this species at
least as common as eudialyte s.s. at this locality. In ad-
dition to being found in several other agpaitic pegma-
tite dykes, including the informally designated Poudrette
pegmatite, a relatively large (2 to 4 m across) dyke
which has been exposed on four levels of the quarry, it
has also been found as a late-stage magmatic mineral in
miarolitic cavities in the nepheline syenite, as a rock-
forming mineral in the nepheline syenite itself, and in
igneous breccia. Ferrokentbrooksite has also been iden-
tified from the Narssârssuk Pegmatite, Igaliko alkaline
complex in southwestern Greenland, in the Langes-
undfjord area, Norway (at Brønnebukta, Siktesøya;
Barkevik Strand; and the Bjørndalen quarry, Tvedalen),
at Kariåsen in the Sandefjord area, Norway, and in the
Burpala alkaline complex, Baikal area, Russia.

PHYSICAL AND OPTICAL PROPERTIES

The type ferrokentbrooksite occurs as reddish brown
to red, pseudo-octahedral crystals up to 1 cm in diameter
(Fig. 1), although much larger crystals and masses have
been found in other dykes at Mont Saint-Hilaire. Of the
forms exhibited, {0001}, {101̄1} and {011̄2} are domi-
nant, and {022̄1} and {112̄0} are minor. It is vitreous
and transparent with a white streak. It is non-fluores-
cent in short and long-wave ultraviolet light. It is brittle,
without cleavage or parting; it has an uneven to con-
choidal fracture. It has a Mohs hardness of 5–6. The
density of ferrokentbrooksite, measured by suspension
in methylene iodide, is 3.06(3) g/cm3, comparing well
with the calculated density of 3.06 g/cm3.

Ferrokentbrooksite is uniaxial negative, � =
1.6221(3) and � = 1.6186(3) (� = 589 nm); some grains
show an anomalous biaxial character, with 2V ≈ 5°. In
transmitted light, thin grains exhibit a pale, rose-orange
color. The mineral shows no pleochroism at maximum

INTRODUCTION

During a systematic study of the chemical composi-
tion of the Na-rich zirconosilicate eudialyte (Johnsen &
Gault 1997), several private collectors contributed nu-
merous specimens, which enabled us to sample a broad
spectrum of eudialyte-group minerals from various oc-
currences. One of these specimens, sent to us by László
and Elsa Horváth of Hudson, Quebec, proved to be the
ferrus-iron-dominant analogue of kentbrooksite and a
new member of the eudialyte group. This sample, which
has become the holotype specimen of the new species
ferrokentbrooksite, was collected from the Poudrette
Quarry, Mont Saint-Hilaire, Rouville County, Quebec
in 1992. The purpose of this paper is to describe this
new member of the eudialyte group, its structure and
occurrence.

The new mineral and its name have been approved
by the Commission on New Minerals and Mineral
Names (CNMMN), IMA (IMA# 99–046). The name is
in keeping with the recommendations of the Subcom-
mittee on Eudialyte Nomenclature of the CNMMN
(Johnsen et al., in prep.). One of the recommendations
of the Subcommittee is that the anion site be ignored in
general, in terms of the nomenclature of this group; this
recommendation has been followed in this case. The
holotype specimen (catalogue no. CMNMC 81563) is
housed in the collection of the Canadian Museum of
Nature, Ottawa.

OCCURRENCE

Mont Saint-Hilaire is an alkaline intrusive complex
and one of the ten Monteregian Hills, a series of geneti-
cally related plutons that are aligned along the St.
Lawrence Valley for almost 250 km eastward from Oka
to Megantic in the province of Quebec. The complexity
of the Mont Saint-Hilaire pluton is reflected in the wide
variation in chemical composition of the eudialyte-
group minerals from this locality (Johnsen & Gault
1997). In addition to ferrokentbrooksite, five other
members of the eudialyte group, namely eudialyte sensu
stricto (s.s.), kentbrooksite (Johnsen et al. 1998),
khomyakovite and manganokhomyakovite (Johnsen et
al. 1999a) and oneillite (Johnsen et al. 1999b) have been
identified from the numerous geological mini-environ-
ments at Mont Saint-Hilaire (Horváth & Gault 1990).

The mineral formed as a primary but late-stage phase
in a small pegmatite dyke in nepheline syenite, exposed
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birefringence. A Gladstone–Dale calculation gives a
compatibility index of 0.001, which is rated as superior
(Mandarino 1981).

CHEMICAL COMPOSITION

Chemical analyses were done in wavelength-disper-
sion (WD) mode on a JEOL 733 electron microprobe
using Tracor Northern 5500 and 5600 automation. Data
reduction was done with a PAP routine in XMAQNT
(pers. commun., C. Davidson, CSIRO). The accelerat-
ing voltage was 15 kV, and the beam current was 20
nA. Data for all elements in the samples were collected
for 25 s or 0.50% precision, whichever was attained first.
Forty-six elements were sought, but only those detected
are reported here. The holotype specimen of ferrokent-
brooksite displays very minor zoning using back-scat-
tered electron imaging, and appears to be quite
homogeneous in composition. The presence of H2O was
confirmed in ferrokentbrooksite by infrared spectros-
copy and crystal-structure analysis. The following stan-
dards were used in the electron-microprobe analyses:
albite (NaK�), almandine (SiK�, FeK�), vlasovite
(ZrL�), sanidine (KK�), diopside (CaK�), rutile (TiK�),
celestine (SrL�), tephroite (MnK�), chrysoberyl
(AlK�), a set of synthetic REE phosphates (LaL�, CeL�,
NdL�, SmL�, GdL�), synthetic yttrium iron garnet
(YIG) (YL�), synthetic hafnon (HfL�), synthetic
MnNb2O6 (NbL�), synthetic NiTa2O6 (TaL�), phlogo-
pite (FK�) and marialite (ClK�). Data for elements in
the standards were collected for 50 s or 0.25% preci-
sion, whichever was attained first. Eight chemical analy-

ses were carried out on the holotype specimen of
ferrokentbrooksite, two of which were performed on the
grain on which the structure was performed. An aver-
age result of the latter two analyses is reported in Table 1
with the range given for all eight analyses. The amount
of H2O was calculated by stoichiometry from the crys-
tal-structure analysis. The empirical formula of
ferrokentbrooksite, based on 77.47 anions as determined
in the crystal-structure analysis, is: (Na13.05REE0.99
K0.32Ca0.23Sr0.15)�14.74(Ca4.59Mn1.24Y0.17)�6(Fe2.39
Mn0.61)�3(Zr3.00Ti0.04Hf0.03)�3.07(Nb0.64Si0.23Zr0.07
Ta0.02)�0.96(Si24.93Al0.07)�25O73(O,OH,H2O)�2.47(Cl0.89
F0.71OH0.40)�2 or, ideally, Na15Ca6(Fe,Mn)3Zr3NbSi25
O73(O,OH,H2O)3(Cl,F,OH)2.

FIG. 1. A crystal of ferrokentbrooksite 1.5 mm in diameter. W. Lane specimen. Photo by
L. Horváth.
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INFRARED ANALYSIS

For analysis by Fourier transform infrared (FTIR)
spectroscopy, a portion of the sample was positioned in
a diamond anvil microsample cell and analyzed using a
Spectra–Tech IR–Plan Research microscope interfaced
to a Bomem Michelson MB–120 spectrometer. Two hun-
dred scans were collected in the range 4000–660 cm–1

(Fig. 2). The broad absorption bands at approximately
3500 and 1650 cm–1 are assigned to the [OH] stretching
mode and the [H2O] bending mode, respectively. The
two small bands at 1425 and 1500 cm–1 are attributed to
the stretching mode of a [CO3] group. The presence of
(CO3) in the eudialyte structure is discussed by Johnsen
et al. (1999b). The bands at 940, 980, and 1020 cm–1

are assigned to the symmetric stretching of [SiO4] and
indicate considerable splitting of the [SiO4] vibration
modes, attributable to a structure with more than one
crystallographically distinct [SiO4] group. Bands at 700
and 745 cm–1 are assigned to bending of [SiO4].

X-RAY CRYSTALLOGRAPHY

AND CRYSTAL-STRUCTURE DETERMINATION

X-ray powder-diffraction data collected on a Stoe
transmission-type diffractometer are shown in Table 2.
We used CuK�1 radiation with a curved Ge monochro-
mator. The data were collected in transmission-scan
mode on a flat sample. Intensities were measured with a
linear position-sensitive detector with an aperture cov-
ering a range of 6° in 2�, step scan of 0.01°, and a 2�
range 5–90°; the total time of data collection was 65 h.
Least-squares refinements based on 69 reflections gave

the unit-cell parameters a 14.2099(7), c 30.067(2) Å.
Full unit-cell data are given in Table 3.

The single crystal of ferrokentbrooksite used for the
collection of X-ray diffraction intensity data is a ground
sphere 0.17 mm in diameter. Intensity data were col-
lected on a Siemens fully automated four-circle
diffractometer operated at 50 kV and 40 mA with graph-
ite-monochromated MoK� radiation. A set of 42 reflec-
tions were used to center the crystal and refine the cell
parameters. Assuming a non-centrosymmetric rhombo-
hedral cell, one asymmetric unit of intensity data was
collected (i.e., + h + k ± l) to 2� = 60° using a �:2� scan-
mode, with scan speeds inversely proportional to inten-
sity, varying from 4 to 29.3°/minute. Approximately
3800 reflections with more than 85% observed (i.e., Fo
> 4� Fo) were collected. Information relevant to the data
collection and structure determination is given in Table 4.

For the ellipsoidal absorption correction, 14 intense
diffraction-maxima in the range 12 to 60° 2� were cho-
sen for � diffraction-vector scans after the method of
North et al. (1968). The converging R for the �-scan
data set decreased from 1.59% before the absorption
correction to 1.07% after the absorption correction. The
excellent converging R-values attest to the near-spheri-
cal shape of the crystals. Reduction of the intensity data,
structure determination and initial refinement of the
structure were done with the SHELXTL (Sheldrick
1990) package of computer programs. The final refine-
ments were done with the SHELXL–93 program
(Sheldrick 1993). The strategy applied to the final stages
of the refinement is described in detail by Johnsen &
Grice (1999).

FIG. 2. Infrared spectrum of ferrokentbrooksite.
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The final coordinates and isotropic displacement
parameters of the atoms in the ferrokentbrooksite struc-
ture were presented by Johnsen & Grice (1999, crystal
#2). Lists of observed and calculated structure-factors,
anisotropic displacement factors and selected bond-
lengths have been submitted to the Depository of Un-
published Data, CISTI, National Research Council of
Canada, Ottawa, Ontario, K1A 0S2, Canada.

DESCRIPTION AND DISCUSSION OF THE STRUCTURE

Ferrokentbrooksite is a member of the eudialyte
group. As described by Johnsen & Grice (1999), the
structure of eudialyte-group minerals consists of layers
of six-membered rings of [M(1)O6] octahedra (mainly
Ca) joined by [M(2)On] polyhedra (Fe or Mn) and sand-
wiched between two pseudocentrosymmetrically related
layers of three-membered and nine-membered silicate
rings forming a 2:1 composite layer. The 2:1 composite
layers are cross-linked by Zr in octahedral coordination
and are related to one another in accordance with the
rhombohedral symmetry. Voids in the open structure are
filled with five distinct [Na	n] polyhedra, of which the
[Na(4)	n] polyhedron is particularly suitable as a host
of relatively heavy elements such as REE and Sr. M(3)
and Si(7) are two central sites of the two crystallographi-
cally distinct nine-membered silicate rings, and related

by the substitution [6]M(3) + [4]Si(7) ⇔ 2[4]Si(7), in
which M(3) typically is occupied by Nb.

The eudialyte structure is more or less centrosym-
metric depending on the degree of disorder and the
chemical content of certain sites. Eudialyte sensu lato
rich in Si, Fe and Ca represent the most centrosymmet-
ric structures. As substitutions of the type Si ⇒ (Nb,W),
Fe ⇒ Mn, (Ca,Na) ⇒ (REE,Sr) take place, the struc-
tures become progressively more non-centrosymmetric
(Johnsen & Grice 1999). The expression of centro-
symmetry is dependent on the composition within the
solid-solution series between eudialyte s.s. (Eud) and
kentbrooksite (Ktb) with an extension to oneillite, a R3-
type eudialyte (Johnsen & Grice 1999, Johnsen et al.
1999b).

As a mineral species, ferrokentbrooksite is defined
as the ferrous-iron-dominant analogue of kentbrooksite
with Fe as the predominant element in M(2) replacing
Mn. Structurally, ferrokentbrooksite and kentbrooksite
are alike in having the disordered M(2) cation mostly in
five-fold coordination as opposed to eudialyte s.s.,
which has the M(2) cation in four-fold coordination in
an almost planar arrangement. Ferrokentbrooksite is
among the relatively few eudialyte-group minerals with
M(2) [M(2,4) and M(2,5) together] close to being fully
occupied. Bond-valence calculations indicate that the Fe
in ferrokentbrooksite is divalent.

Ferrokentbrooksite is further characterized by being
an intermediate member of the Eud–Ktb solid-solution
series. It is “moderately acentric”, with a |E2 – 1| value
of 0.871 (Table 4), which is primarily associated with a
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moderate content of Nb and other relatively heavy ele-
ments at M(3), the coordination of M(2) being predomi-
nantly five-fold, and a notable but moderate difference
in scattering power between the two pseudocentro-
symmetrically related sites Na(3) and Na(4) (Johnsen
& Grice 1999, Fig. 11). A complete site-assignment of
ferrokentbrooksite is presented by Johnsen & Grice
(1999).
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