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Abstract. The new mckelveyite group mineral bainbridgeite-(NdCe), ideally Na;Ba;NdCe(CO3)s3H20,
was found at Mont Saint-Hilaire, Quebec, Canada. It occurs in two distinct environments: (1) in a “car-
bonate pegmatite” as pale-yellow or orange barrel-shaped short prismatic crystals up to 2mm in size,
where bainbridgeite-(NdCe) forms thin rims while the core is composed of bainbridgeite-(YCe), and (2) in
a hornfels rock as white or pale-grey tabular saucer-shaped crystals up to 0.5mm in size. It has a white
streak, a vitreous lustre, and no cleavage. D¢y is 3.49gcm_3. Bainbridgeite-(NdCe) is optically biaxial
(+), «=1.5773), B=1.592(3), y =1.657(3), 2V (meas.)=40(3)°, and 2V (calc.)=52° (589 nm). The
IR spectrum is reported. The composition (wt. %, average of seven analyses) is Na,O 6.85, CaO 1.16,
SrO 4.83, BaO 24.02, Y,03 1.84, La;O3 6.07, Cey03 8.82, PryO3 0.76, Nd,O3 6.24, SmyO3 3.34, Euy O3
0.46, Gd,03 2.74, Tby03 0.21, Dy,03 0.53, ThO, 0.24, CO, 27.33, H,O 5.73, total 101.17. The empirical
formula of the holotype from the “carbonate pegmatite” calculated on the basis of six cations is as follows:
Nay 09Cap.19Sr0.44Bay.48Yo0.15Lao.35Ceo.51Pro.04Ndo.35Smo, 18Eu0.03Gdo.14Tbo.01Dy0.03 Tho,01(CO3)s.86(H20)3.00.
The mineral is triclinic, P1, a=9.0525(3)A, b=9.1178(2) A, ¢=16.85180(19) A, o = 102.575(3)°,
B =116.272(4)°, y = 59.788(4)° and V =438.23(3) A3, and Z = 1. The strongest reflections of the powder
X-ray diffraction pattern [d, A(I)(hkl)] are as follows: 6.17(50)(001, 111, 101), 4.407(100)(110, 211, 120),
4.077(30)(121, 111, 210), 3.241(32)(111, 212, 121), 2.870(88)(122, 112, 211), 2.621(39)(301, 030, 331),
2.253(22)(221, 241, 421), and 1.9978(25)(032, 333, 303, 301, 032, 331). The crystal structure, solved and
refined from single-crystal X-ray diffraction data (R; = 0.036), is of the weloganite type. Bainbridgeite-(NdCe)
is the first known mineral with Ce and Nd atoms preferentially concentrated at two different sites of the
structure.

1 Introduction Y, Zr, and Nd, and B = Sr, Ba, Ce, and La (Lykova et al.,
2023c¢).

Bainbridgeite-(NdCe) is named as the Nd analogue of
bainbridgeite-(YCe) NayBay YCe(CO3)*3H20 (Lykova et
al., 2024). The parenthesized Levinson suffix “(NdCe)” was
added in accordance with the nomenclature for rare-earth and
Y mineral species (Levinson, 1966; Bayliss and Levinson,

This paper describes bainbridgeite-(NdCe),
NayBay;NdCe(CO3)6°3H20, a new member of the mck-
elveyite group. The group includes rare carbonates with the
general formula A3B3(CO3)6*3H>0, where A =Na, Ca,
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1988) and the nomenclature of the mckelveyite group; the
first symbol represents the dominant cations at one of the A
sites, and the second symbol represents the dominant cations
at one of the B sites (Lykova et al., 2023c).

Both the new mineral and the name have been approved
by the Commission on New Minerals, Nomenclature and
Classification of the International Mineralogical Association
(IMA CNMNCO), proposal no. IMA 2023-018. The holotype
of bainbridgeite-(NdCe) was deposited in the collection of
the Canadian Museum of Nature, Ottawa, Canada. The cata-
logue number is CMNMC 90534.

2 Occurrence and general appearance

Bainbridgeite-(NdCe) is a late-stage mineral at the Poudrette
(Demix) quarry in the famous alkaline and agpaitic complex
Mont Saint-Hilaire, Quebec, Canada (Horvath et al., 2019,
and the references therein). It was found in two different en-
vironments.

The first one is referred to in the literature as “carbon-
ate pegmatites” (Normand and Tarassoff, 2006) or “carbon-
ate vugs” (Chao et al., 1967) due to the abundance of cal-
cite, the lack of minerals typical for the alkaline pegmatites,
and the absence of pyroxene- and amphibole-group miner-
als. The origin of “carbonate pegmatites” is poorly under-
stood (Normand and Tarassoff, 2006; Horvéth et al., 2019).
The type material was found in a heavily altered body con-
sisting mostly of calcite and albite, which also produced the
holotype of bainbridgeite-(YCe) (Lykova et al., 2024). It was
collected by Elsa Pfenninger- Horvath and Laszl6 Horvith
on 25 and 26 February 1978 (Laszl6 Horvath, personal com-
munication, 2020). Bainbridgeite-(NdCe) occurs as thin rims
on barrel-shaped short prismatic crystals up to 2 mm in size
(Fig. 1a). The core of the crystals is made of bainbridgeite-
(YCe), with the intermediate zone corresponding to an inter-
mediate member of the bainbridgeite-(YCe)-alicewilsonite-
(YCe) series (Fig. 2). The thickness of the bainbridgeite-
(NdCe) rim is uneven and can reach a maximum of 20—
30 um. The crystals are scattered on albite encrusted with
scaly brown stilpnomelane balls.

Bainbridgeite-(NdCe) was also found in a hornfels rock
together with yellow acicular rutile, colourless hexagonal
thin tabular crystals of gmelinite-Na, sphalerite, calcite, anal-
cime, and pyrite. It forms tabular saucer-shaped crystals up to
0.5 mm in size, which are commonly stacked (Fig. 1b). In this
case, the entireties of the crystals are bainbridgeite-(NdCe).

3 Physical and optical properties

Bainbridgeite-(NdCe) is pale yellow, pale orange, white, or
pale grey (Fig. 1). The streak is white; the lustre is vitre-
ous. The mineral has no cleavage, and its fracture is uneven.
The Mohs hardness of 3 determined on bainbridgeite-(NdCe)
from the hornfels rock to be bainbridgeite-(NdCe) zones in
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the holotype are too thin. The mineral is non-fluorescent un-
der ultraviolet light. The density calculated using the empiri-
cal formula of the holotype and unit-cell volume refined from
the single-crystal X-ray diffraction data is 3.49 gcm™3.
Bainbridgeite-(NdCe) is optically biaxial (4), o=
1.577(3), B =1.592(3), y =1.657(3), 2V (meas.) =40(3)°
(from a spindle-stage extinction curve), and 2V (calc.) = 52°.

4 Experimental methods

Electron microprobe analyses (EMPAs) of bainbridgeite-
(NdCe) were performed using a JEOL 8230 SuperProbe
electron microscope equipped with five WDS spectrometers
(University of Ottawa — Canadian Museum of Natures Mi-
croAnalysis Laboratory, Canada) using an accelerating volt-
age of 20kV, a beam current of 10nA, and a beam diame-
ter of 10-20 um depending on the grain size. Bainbridgeite-
(NdCe) is unstable under an electron beam; consequently,
larger beam diameters were used to minimize element mi-
gration. The following reference materials were used: albite
or NalnSi»Og¢ (NaK «), diopside (CaK &), celestine (SrLa),
sanbornite (BaLa), YAG (YL«), LaPO4 (LaLa), CePOy
(CeLw), PrPO4 (PrLg), NdPO4 (NdL«), SmPO4 (SmLw),
EuPO4 (EuLa), GdPO4 (GdLw), TbPO4 (TbLa), DyPO4
(DyLpB), HoPO4 (HoLp), ErPO4 (ErLa), TmPO4 (TmLw),
YbPO4 (YbLw), ThOy (ThMw), and UO2 (UM«). The
intensity data were corrected for time-dependent intensity
(TDI) loss (or gain) using a self-calibrated correction for
NaKa,CaKa,YLa,and LaLa. HyO and CO; contents were
not analysed due to the paucity of the available material. El-
emental interferences were corrected using empirical correc-
tion factors (Donovan et al., 1993). Raw data were matrix
corrected using the Armstrong—Brown—Love—Scott Phi Rho
Z correction (Armstrong, 1988).

The Fourier transform infrared (FTIR) spectrum of
bainbridgeite-(NdCe) was obtained using a Bruker Hyperion
2000 microscope interfaced to a Tensor 27 spectrometer with
a wide-band mercury cadmium telluride (MCT) detector
(Canadian Conservation Institute, Canada). A small fragment
of bainbridgeite-(NdCe) was mounted on a low-pressure di-
amond anvil microsample cell and analysed in transmission
mode. The spectrum was collected between 4000-400 cm™!
with the co-addition of 150 scans at a 4 cm™! resolution.

Powder X-ray diffraction (PXRD) data were collected at
the Canadian Museum of Nature, Canada, using a Bruker
D8 Discover microdiffractometer equipped with a DECTRIS
EIGER2 R 500K detector and IuS microfocus X-ray source
(Acuk,, = 1.54060 A), with the Koy contribution removed
using the “Strip K«2” tool in Bruker Diffrac. EVA V4.3.
The instrument was calibrated using a statistical calibration
method (Rowe, 2009). A powder ball ~ 100 um in diame-
ter, mounted on a fibre pin mount, was analysed with con-
tinuous Phi rotation and 10° rocking motion along the Psi
axis of the centric Eulerian cradle stage. We could not re-
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Figure 1. Bainbridgeite-(NdCe) from Mont Saint-Hilaire, Quebec, Canada: (a) pale-orange-yellow barrel-shaped prismatic crystal 2.5 mm
in size with a bainbridgeite-(YCe) core and a bainbridgeite-(NdCe) rim. Specimen CMNMC 46324 (the holotype of bainbridgeite-(YCe)).
(b) Tabular saucer-shaped crystals. FOV 1.1 mm. Specimen CMNMC 52468. Canadian Museum of Nature collection. Photos: Frangois

Génier (a) and Michael Bainbridge (b).

20.0kV COMPO

Figure 2. Crystal composed of a core of bainbridgeite-(YCe),
a darker zone corresponding to an intermediate member of the
bainbridgeite-(YCe)—alicewilsonite-(YCe) series, and a bright rim
of bainbridgeite-(NdCe). Polished section. SEM (BSE) photo.

cover enough bainbridgeite-(NdCe) grains for PXRD anal-
ysis, and so the obtained pattern represents an average be-
tween bainbridgeite-(NdCe) and bainbridgeite-(YCe).
Single-crystal X-ray diffraction (SXRD) studies were car-
ried out at the Natural History Museum, University of Oslo,
Norway, using a Rigaku XtaLAB Synergy-S diffractometer
equipped with a HyPix 6000HE detector (Amok, = 0.71073)
operating at 5S0kV and 1 mA. The data were processed, in-
cluding an absorption correction, using Rigaku’s CrysAlis
Pro software. The crystal used to collect electron micro-
probe data was subsequently sampled for the single-crystals
X-ray study. However, because bainbridgeite-(NdCe) oc-
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curs as a thin rim with varying thickness on bainbridgeite-
(YCe) and because the boundary between the two phases
is not visually identifiable, we could not sample a pure
bainbridgeite-(NdCe) grain for the SXRD analysis. There-
fore, the obtained structural model represents an average be-
tween bainbridgeite-(NdCe) and bainbridgeite-(YCe).

5 Results

5.1 Chemical data

Representative EMPAs for bainbridgeite-(NdCe) collected
on several specimens from Mont Saint-Hilaire are given in
Table 1. The contents of Zr, Tm, Lu, and Hf are below the
detection limit.

Atoms per formula unit (apfu) for the holotype, calculated
on the basis of six cations, excluding H and C, are as follows:
Nay g9Cap.19S10.44Ba;.48 Y0.15La0.35Ce0.51Pro.04Ndo.355mo. 18
Eu.03Gdo.14Tbo.01Dy0.03Tho.01Cs.86H6O20.4. The ideal
end-member formula is NayBayNdCe(CO3)6°3H,O, which
requires NayO 6.08, BaO 30.09, Nd;O3 16.51, Ce,03 16.11,
CO3 25.91, H,0 5.30, total 100 wt. %.

5.2 Infrared spectroscopy

The IR spectrum of bainbridgeite-(NdCe) (Fig. 3) shows
IR bands of O-H-stretching (in the range from 3270 to
3360 cm ') and H-O-H-bending (at 1677 cm™!) vibrations
of H,O molecules and C—O-stretching (in the range 1364—
1520 cm™") vibrations of CO%f—group molecules. The band
at 1064 cm™! can be assigned to the non-degenerate mode of
C-O-stretching vibrations, indicating polarization of COg_
groups, as this mode would have been inactive if symmetric
non-polarized carbonate groups (with a three-fold axis) were

Eur. J. Mineral., 38, 419-429, 2026



422 I. Lykova et al.: Mckelveyite group minerals — Part 5

Table 1. Chemical data for bainbridgeite-(NdCe).

Specimen CMNMC 90534 CMNMC 52468
(the holotype, average of 7 analyses) | (average of 12 analyses)
wt. %
Constituent ~ Mean Range ‘ Mean Range
NayO 6.85 5.93-7.41 6.87 5.49-7.96
CaO 1.16 0.93-1.36 0.85 0.73-0.95
SrO 4.83 4.68-5.08 6.25 4.42-7.98
BaO 24.02 23.37-24.66 22.25 19.38-25.09
Y03 1.84 1.24-2.43 1.80 1.14-2.40
Lay O3 6.07 5.48-6.61 4.72 3.90-5.91
Cey O3 8.82 8.43-9.30 10.23 9.12-11.34
Pr, O3 0.76 0.53-1.13 1.05 0.54-1.42
Nd,O3 6.24 5.69-6.47 7.33 6.59-8.74
Sm;y03 3.34 2.81-3.92 2.54 1.92-3.05
Euy03 0.46 0.37-0.55 0.30 0.22-0.43
Gd;03 2.74 1.98-3.35 1.64 1.24-2.02
Tby03 0.21 0.11-0.29 0.13 0.05-0.19
Dy;03 0.53 0.00-0.98 0.63 0.37-0.94
Ho,03 - 0.06 0.00-0.18
Er, O3 - 0.19 0.09-0.29
Yby03 - 0.14 0.07-0.23
ThO, 0.24 0.00-0.48 0.94 0.61-1.52
U0, - 0.23 0.14-0.31
COy* 27.33 27.45
H,O0* 5.73 5.72
Total 101.17 101.32

Atoms per formula unit (based on six cations, excluding HT)

Na 2.09 2.09
Ca 0.19 0.14
Sr 0.44 0.57
Ba 1.48 1.37
Y 0.15 0.15
La 0.35 0.27
Ce 0.51 0.59
Pr 0.04 0.06
Nd 0.35 0.41
Sm 0.18 0.14
Eu 0.03 0.02
Gd 0.14 0.09
Tb 0.01 0.01
Dy 0.03 0.03
Ho - -

Er - 0.01
Tm - -

Yb - 0.01
Th 0.01 0.03
U - 0.01
C 5.86 5.89
H 6.00 6.00

* Calculated from the stoichiometry. Dash means the content of a constituent is below the detection limit.
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Figure 3. Infrared spectrum of bainbridgeite-(NdCe).

present in the IR spectrum. The band assignment was made
in accordance with Chukanov and Chervonnyi (2016).

5.3 X-ray diffraction data and description of the crystal
structure

The indexed PXRD data are given in Table 2. The pa-
rameters of the triclinic unit cell refined using Bruker
DIFFRAC.TOPAS software are as follows: a = 9.0705(6) A,
bh=9.1075(4) A, ¢=6.88403)A, « =102.640(8)°, B =
116.187(5)°, y = 59.917(7)°, and V = 441.57(5) A3.

The single-crystal X-ray diffraction data were indexed in
the P1 space group with the following unit-cell parameters:
a=9.05253)A, b=9.11782) A, ¢ = 6.85180(19) A, o =
102.575(3)°, B=116.272(4)°, y =59.788(4)°, and V =
438.23(3) A3. The structure was solved and refined to R1 =
0.036 on the basis of 4140 independent reflections with
I > 20 (1) using the SHELXL.-2018/3 programme package
(Sheldrick, 2015). Crystal data, data collection information,
and structure refinement details are given in Table 3; atom co-
ordinates, equivalent displacement parameters, site composi-
tion, and bond valence sums (BVSs) are given in Table 4; and
selected interatomic distances are given in Table 5. The crys-
tallographic information file (CIF) for bainbridgeite-(NdCe)
is available as a Supplementary file. It was also deposited
in the Inorganic Crystal Structure Database (ICSD; #CSD
2555428).

SXRD studies of the mckelveyite group minerals are chal-
lenging because of the poor quality of their crystals, resulting
in multiple split reflections and streaks. Although the quality
of the bainbridgeite-(NdCe) crystal was good for the miner-
als in the group, it was still relatively poor overall.

Bainbridgeite-(NdCe) NayBayNdCe(CO3)6°3H,0 s
strongly pseudotrigonal. There are six independent large
cation sites in the structure (Fig. 4) forming two alternating
layers parallel to the ab plane (Fig. 5). The Na, Ba, Sr,
Ce, Nd, and Gd atoms were distributed among these sites
based on the microprobe data, refined site-scattering factors
(eref, in electrons per site), and charge balance, taking into
account bond valence sums (BVS) and interatomic distances

https://doi.org/10.5194/ejm-38-419-2026
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Figure 4. General view of the crystal structure of bainbridgeite-
(NdCe). Sky-blue spheres are H>O molecules. The unit cell is out-
lined.

Figure 5. A view along [010] of the crystal structure of
bainbridgeite-(NdCe). Ba-, Ce-, Nd-, and Na-centred polyhedra are
shown in light green, blue, orange, and yellow, respectively. Car-
bonate groups are black triangles. The unit cell is outlined.

(Tables 4-5). The Ca atoms were not included in the refine-
ment; lanthanoids (Ln, La—Lu) lighter than Nd were formally
refined as Ce atoms, and Ln heavier than Nd were formally
refined as Gd atoms. One of the layers is formed by the
Bal, Ba2, and Ce3 sites that have 10-fold coordination. The
large Bal-centred polyhedron with the (Bal-O) distance
of 2.80 A is occupied by Ba atoms. The refinement showed
that the remaining Ba, Ce, and Sr atoms are distributed
between Ba2 and Ce3 sites. Their occupancies were refined
as Bag 701(8)510.2998) (eref = 50.6) for the Ba2 site and
Ce0.897(9510.103(9) (eret = 56.0) for the Ce3 site. Sr atoms
prefer the Ba2-centred polyhedron; thus, the Ce3-centred
polyhedron with the (Ce3-O) distance of 2.68 A should
be occupied predominantly by Ce atoms as it is too small
for Ba atoms. The preference of Ce atoms for the Ce3 site
was also observed in alicewilsonite-(YCe) (Lykova et al.,
2023Db). The assigned occupancies are Bag 49Ceq 3551025 and
Cep.75Bag 15510 10 for the Ba2 and Ce3 sites, respectively.
Na4 and Na5 sites have octahedral coordination, and their

Eur. J. Mineral., 38, 419-429, 2026
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Table 2. X-ray powder diffraction data (d in A) for bainbridgeite-(NdCe). The strongest reflections are given in bold.

Imeas  dmeas Iy d?alc hkl

9 7.84 25 7.88 010
7.25,7.22 110, 100

50 6.17 100, 13,7 6.18, 6.00, 6.00 001, 111, 101

9, 4 4.869, 4.855 011,11

100 4407  89,91,89 4.424, 4.408, 4.405 120,211, 11

30 4.077 26,27, 25, 4.085. 4.082. 4.070 121,111,210

4 3342 2,2,4 3.356, 3.354, 3.327 12,112,021

32 3241 32,33,32 3.250, 3.245, 3.236 121,212, 111

17 3.085 38 3.089 002

88 2870 77,74,78 2.876,2.873, 2.867 112,122,211

39 2,621 43,4342 2.627,2.625,2.616 , 030, 331, 301

18 2413 11,11,11,11,11,10 2.420,2.416,2.415,2.415,2.412, 031, 332, 330, 031, 302, 300
2.406

7 2284  6,6,6 2.290, 2.289, 2.283 122,213, 112

22 2253 26,26,25 2.259,2.254,2.250 241,221,421

7 2204 9,9,9 2.212,2.204, 2.204 240, 422, 220

13 2.058 10,10, 10,23 2.067, 2.063, 2.061, 2.059 113,123,212,003

18 2.039  22,22,22 2.042, 2.041, 2.035 242,222,420

25 1.9978 15,16, 14, 14,15, 15 2.004,2.001, 1.9998, 1.9996, 1.9980, 032, 333, 303, 331, 032, 301
1.9928

17 1.9354 23,23,23 1.9413, 1.9363, 1.9321 241,423,221

14 17112 12,11,8,12,8,8,8,8,7 1.7174,1.7169, 1.7138, 1.7134, 123,214, 150, 113, 451, 140, 542,512,
17124, 1.7104, 1.7096, 1.7060, 1.7054 411

10 16192 6,7,7,7,7 1.6230, 1.6209, 1.6205, 1.6197, 1.6182 033, 304, 334, 332, 33

9 1.6133  6,6,5 1.6153, 1.6144, 1.6124 302, 151, 450

8 1.6103  6,5,5,6 1.6104, 1.6093, 1.6082, 1.6050 543,141,513,410

3 1.5791 5,5,5 1.5814, 1.5793, 1.5781 114,124,213

5 1.5557  6,6,6,6,6,6 1.5610, 1.5599, 1.5592, 1.5574, 142,453,152,413, 540, 510
1.5570, 1.5529

3 1.5133  6,6,6 1.5179, 1.5129, 1.5117 361,331,632

2 Calculated from the crystal structure determination; only reflections with intensities > 4 are given. b Calculated from PXRD Rietveld unit-cell refinement with
a=9.0705(6) A, b =9.1075(4) A, c = 6.8840(3) A, o = 102.640(8)°, B = 116.187(5)°, y = 59.917(7)°, and V = 441.57(5) A3.

occupancies were fixed as Nago9sGdg ps. The occupancy
for the Nd6 site was refined as Nd0_466(8)Y0,365(g)Nao,17
(eref = 44.4) and fixed as Ndo_37Yo_33Nao.17Gd().13.

There are six carbonate groups. The three CO_%_ groups
centred by carbon atoms C1, C2, and C3 are almost coplanar
with {001}, while the other three centred by C4, C5, and C6
atoms are not coplanar (Fig. 4).

Eur. J. Mineral., 38, 419-429, 2026

The BVSs at the 019, 020, and O21 sites (0.40, 0.39,
and 0.37 valence units, respectively) indicate the presence of
H>0 molecules, also confirmed by the presence of the bands
of O—H-stretching and H-O-H bending vibrations in the IR
spectrum of bainbridgeite-(NdCe) (Fig. 3). The three H,O
molecules are bonded to Ba2- and Na5-centred polyhedra
that share a face.

https://doi.org/10.5194/ejm-38-419-2026
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Table 3. Crystal data, data collection information, and structure refinement details for bainbridgeite-(NdCe).

Crystal system, space group, Z

Triclinic, P1, 1

a (A) 9.0525(3)

b (A) 9.1178(2)
c(A) 6.85180(19)
a () 102.575(3)
B 116.272(4)
Y (©) 59.788(4)
vV (A3) 438.23(3)

) (MoKa) (A), T (K) 0.71073, 293
Diffractometer

0 range (°) 2.58-28.28
Frame width (°) 0.3

Time per frame (s) 10

Crystal size (mm)
Absorption coefficient pm (mm~!)  10.55

Fooo 447
h, k, [ range

Reflections collected 19875
Unique reflections 4326
Unique reflections [/ > 20 (1)] 4140
Number of refined parameters 307
Weighting scheme

Rint 0.081

Final R indices [I > 20(1)]
R indices (all data)
GoF 1.004

Apmax/ A Pmin (€ A_3)

2.91%/—1.86

Rigaku XtalLAB Synergy-S

0.048 x 0.043 x 0.027

—12<h<12,-12<k<12,-9<1<9

1/[6%2(F2)+(0.0733P)> 4-0.6892P], P = [max(F,)> + 2(F.)*1/3

R1=10.036, wR2 =0.099
R1=10.038, wR2=0.100

* Located 0.73 A away from the Ba3 site. There are several peaks up to 2.9 e A3 Jocated 0.7-0.8 A away from large cation sites. A relatively
poor overall quality of the SXRD data due to the poor quality of bainbridgeite-(NdCe) crystals resulted in spurious peaks and holes in

residual electron density.

The structural formula derived from the refinement is

(Naj.88Gdo.12)y2.00(Bai.40Ce0.35510.25)52.00(Nd0.37Y0.33
Nag.17Dy0.13)3°1.00(Ce0.75B20.15510.10) 3" 1.00(CO3)6(H2 0)3,
which leads to the ideal formula Na; BayNdCe(CO3)s+3H, 0.

6 Discussion

Bainbridgeite-(NdCe) NayBay;NdCe(COs3)6+3H,0 is
a member of the mckelveyite group (Lykova et
al., 2023c). It is the Nd analogue of bainbridgeite-
(YCe) NapBa;YCe(CO3)6°3H,O  (Lykova et al,
2024) and the BaNd analogue of alicewilsonite-(YCe)
NaSrp YCe(CO3)6+3H,0 (Lykova et al., 2023b). It is closely
related to donnayite-(Y) NaCaSr3Y(CO3)6+3H,0 (Chao et
al.,, 1978) and mckelveyite-(Y) NaCaBa3Y(CO3)g+3H,0
(Milton et al., 1965, Chao et al., 1978).

The separation and concentration of Ce and Nd atoms at
two different sites of the structure are unique and highly un-
usual features of the described phase and thus require rig-
orous examination to prove that the proposed distribution is
conclusive.

https://doi.org/10.5194/ejm-38-419-2026

Neodymium content in the holotype of bainbridgeite-
(NdCe) (0.35 apfu) is

1. significantly higher than the content of any other indi-
vidual, heavier Ln (e.g. 0.18 apfu Sm),

2. compatible with the total of all the other heavier Ln
(Sm-Dy, 0.39 apfu),

3. significantly higher than the content of Y (0.15 apfu),

4. significantly higher than the content of Nd in the holo-
type of bainbridgeite-(YCe) (0.11 apfu, Lykova et al.,
2024).

Bainbridgeite-(NdCe) from the hornfels rock (specimen CM-
NMC 52468; Table 1) shows a similar pattern with an even
higher content of Nd (0.41 apfu), a comparable content of
Y (0.15 apfu), and a lower total of the heavier Ln (Sm-Yb,
0.31 apfu).

In both finds the content of lighter Ln (La—Pr; 0.90 and
0.92 apfu, respectively) is close to the expected value for
bainbridgeite — 1 apfu.

Therefore, even when anticipating the distribution of some
Nd atoms among other cations sites in bainbridgeite-(NdCe),

Eur. J. Mineral., 38, 419-429, 2026
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Table 4. Coordinates and equivalent displacement parameters (Ueq, in /f\z) of atoms, site occupancies, and bond valence sums (BVSs) for

bainbridgeite-(NdCe).

Site x y z Ueq Site composition® BVSP
Bal 0.12287(7) 0.35984(6) 0.37051(8) 0.0133(2) Baj g 2.12
Ba2 0.45938(13)  0.68197(13) 0.36545(18)  0.0162(2) Bag 40Ce 35510 25 2.34
Ce3  078575(7)  0.01736(7)  0.36507(8)  0.0122(2)  Ceg75Bag, 1510, 10 234
Nad  0.3266(9) 03503(8)  0.9824(10)  0.0171(10) Nag.04Gdg o6 1.02
Na5  0.6623(11)  0.6794(10)  0.9794(12)  0.0248(12) Na.04Gdo 06 0.87
Nd6  0.9967(3) 0.02133)  0.9876(4) 0.01277(19) Ndg37Y033Nag17Gdo 13 3.07
C1 0.4194(16)  0.0118(14)  0.2438(19) 0.012(2) 4.11
C2 0.0770(17) 0.6929(15) 0.2365(19) 0.014(2) 4.07
C3 0.7423(16) 0.3485(14) 0.2428(19) 0.0115(19) 4.14
C4  00180(17)  0.2380(15)  0.7794(18) 0.024(2) 4.07
(03] 0.1540(17)  —0.2959(15) 0.792(2) 0.027(2) 4.08
C6 0.6121(16) 0.1093(15) 0.785(2) 0.024(2) 4.12
Ol  02781(12)  0.0148(11)  0.2475(14)  0.0171(16) 2.16
02  04153(13)  0.1498(11)  02179(15)  0.0226(19) 1.95
03 0.5703(13) 0.8723(12) 0.2774(19) 0.027(2) 1.95
04 0.9326(13) 0.7016(12) 0.2340(16) 0.0206(19) 2.06
05 0.0886(13) 0.8378(11) 0.2705(15) 0.0204(18) 1.93
06 0.2146(13) 0.5584(12) 0.2224(16) 0.0229(19) 2.06
07  06122(14)  0.3445(13)  0.2625(17) 0.026(2) 2.02
08 0.7352(14) 0.4908(12) 0.2322(16) 0.0208(18) 1.98
09 0.8858(13) 0.2077(11) 0.2419(15) 0.0187(17) 2.12
010 0.9676(13) 0.2884(12) 0.9373(14) 0.0282(17) 2.02
Ol11 0.0356(14) 0.0880(13) 0.6982(16) 0.0316(19) 1.81
012 0.0532(16) 0.3279(14) 0.7041(18) 0.032(2) 1.79
013 0.2564(13) —0.2432(12) 0.9585(15) 0.0287(17) 1.96
014 0.2234(17) 0.5583(13) 0.7167(19) 0.034(2) 1.86
015 0.9767(14) —0.1882(12) 0.7090(17) 0.0336(19) 1.84
016 0.7186(13) 0.0154(12) 0.9534(15) 0.0295(17) 1.99
017 0.4394(15) 0.1685(14) 0.7082(18) 0.034(2) 1.9
018 0.6933(13) 0.1488(13) 0.6983(15) 0.0307(18) 1.79
o19 0.5310(14) 0.5131(12) 0.6868(17) 0.0336(19) 0.4
020 0.7724(14) 0.6479(13) 0.6928(17) 0.0341(19) 0.39
021 0.3979(14) 0.8854(13) 0.7008(17) 0.0344(19) 0.37

4 Based on the egef values, electron microprobe data, interatomic distances, bond valence calculations, and the charge balance. b Bond

valence parameters were taken from Gagné and Hawthorne (2015).

most atoms must be concentrated at the Nd, which makes it
the dominant — and, thus, the species-defining — cation for
the species based on the chemical data only.

Structural evidence also strongly points to the preferential
entry of Nd atoms at the Nd6 site. Different parts of crys-
tals (rims and cores) from the same find were used to solve
the structure of both bainbridgeite-(NdCe) and bainbridgeite-
(YCe).

The distribution of cations between the sites in the two
minerals is very similar (Table 6) except for the Nd6/Y6
site. The latter is occupied predominantly by Y atoms
(70 %) in bainbridgeite-(YCe) and by heavier Ln atoms in
bainbridgeite-(NdCe), indicating that the entry of heavier
Ln atoms follows the substitution scheme Y3+ « Ln3*t at
the Nd6/Y6 site. This can be corroborated with the signifi-
cant negative correlation (R? = 0.82) between Y and heavier

Eur. J. Mineral., 38, 419-429, 2026

Ln contents we described previously in bainbridgeite-(YCe)
(Lykova et al., 2024).

Note that the Y content in bainbridgeite-(NdCe) based on
the structural analysis (0.33 atoms per formula unit [apfu])
is significantly higher than the value obtained from elec-
tron microprobe data (0.15 apfu) due to the presence of both
bainbridgeite-(NdCe) and bainbridgeite-(YCe) in the grain
used for the SXRD study, as discussed in Sect. 4.

The empirical formula of the holotype of bainbridgeite-
(NdCe), written taking into account the structural data, is
(Naj.92HREE) 08)y2.00(Ba1.34510.33Ca0.18LREE(.15)5°2.00
(Ndo.3sHREE(31Nao.17Y0.15Tho.01Ca0.01)5~ 1.00(LREE0 75
Bag.145r0.11)3°1.00(CO3)5.86(H20)3.00, where
LREE = (Ce().51La()_35Pr()_04)20V90, and HREE =
(Smo.18Gdo.14Eu0.03Dy0.03Tbo.01)y0.39-

https://doi.org/10.5194/ejm-38-419-2026
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Table 5. Selected interatomic distances (A) in the structure of bainbridgeite-(NdCe). The average distances are given in bold.

Bal -012 2731(11) Ce3 -0Ol6 2.60709) Cl -O1 1.277(15)
017  2.732(11) 018  2.615(10) ~03  1.279(15)
~010  2.757(9) —04  2.635(10) ~02  1.289(14)
014 2.758(11) —0l11 2.645(10) (C1-0) 1.28
~08  2.823(10) ~07 2661(10) C2 -06  1258(15)
~04  2.827(10) 015 2.667(10) —04  1.262(15)
-0l 2.833(9) ~03  2.670(10) ~05  1.340(14)
~06  2.838(10) ~02  2.680(10) (C2-0) 1.29
~ 09 2.845(9) - 05 26859) C3 -07  1.262(15)
~02  2.871(10) - 09 2.728(9) ~08  1.283(14)

(Bal-0) 2.80 (Ce3-0) 2.66 ~09  1.289(15)

Ba2 -013 2.578(10) Nd6 —09 2.340(9) (C3-0) 1.28
~019  2.616(10) o)l 2354(9) C4 —010 1.264(13)
~020 2.636(10) —010  2.400(8) 012 1.277(14)
08  2.656(10) 015  2.404(9) 011 1.317(13)
~03  2.669(10) ~0l11  2.405(9) (C4-0) 1.29
- 06 2.692(9) ~018 2407(8) C5 -O0l4 1.255(14)
021 2.696(11) ~05 2.415(9) 013 1.291(13)
~05 2.716(9) ~0I13  2.42509) ~015 1.309(14)
-0l 2.727(9) —016  2.450(8) (C5-0) 1.29
~07  2.741(10) (Nd6-0) 240 C6 -—017 1.248(14)

(Ba2-0) 267 Na5 -08  2353(12) 016 1.267(13)

Nad —02  2.291(11) —04  2.374(12) ~018 1.331(14)
—06  2.348(12) —021  2.427(15) (C6-0) 1.28
~07  2.426(12) ~019  2.472(14)

017 2.441(15) ~020 2.476(16)

012 2.442(15) ~03  2.535(14)

— 014 2.450(15) (Na5-0) 2.44
(Na4-O) 2.40

427

Table 6. Refined site-scattering factors and assigned occupancies for Ba2, Ca3, and Nd/Y6 sites in the structures of bainbridgeite-(NdCe)
(upper lines) and bainbridgeite-(YCe) (lower lines, after Lykova et al., 2024).

Site SOF SSFexp [e7]  Assigned occupancy SSFcaic [e7]
Ba2 Ba0‘701(g)sr0_299(g) 50.6  Bag40Ceq.35510.25 52.2
Bag,763(10)S10.237(10) 517 Bag.38Ce.35510.27 51.7
Ce3 C60‘897(981‘0'103(9) 56.0 Ceq.75Bag.15510.10 55.7
Ce.913(9)S10.087(10) 56.3  Cep.g9Bag 25510 06 56.3
Nd6/Y6®  Ndg 466(s)Y0.3658)Nag.17 2 444 Ndj37Y0.33Nag,17Gdg.13 45.3
Y0.631(15DY0.2099)Nag. 16 * 40.1  Yo.70Nag,16Dyo.14 38.3

SOF: refined site occupation factor; SSFexp and SSFcalc: experimental and calculated site-scattering factors (numbers of electrons).

@ The occupancies of Na were fixed.

b In the structure of bainbridgeite-(NdCe) and bainbridgeite-(YCe), respectively.

For comparison, the empirical formula of the holotype of
bainbridgeite-(YCe) is
(Naj.9sHREE( 05)5"2.00(Bai 33LREE( 30S10.27Ca0.10)3"2.00
(Yo.70Nag.16HHREE.14)5~1.00(LREE0.63B20.27510.10)3" 1.00
(CO3)5.86(H20)3.00, where LREE =
(Ceo.49L:20.29Ndo.11Pro.035m0.01)3°0.93 and
HREE = (Dy0.07Er0.0sGdo.03H00.02Yb0.02)5~0.19 (Lykova et
al., 2024).

https://doi.org/10.5194/ejm-38-419-2026

The ability of mckelveyite-group minerals to selectively
concentrate Nd but not lighter rare-earth elements (REEs)
at the Nd6/Y6 site was also observed in mckelveyite-(Nd)
(Lykova et al., 2023a).

All the above observations point to the same preferential

concentration of Nd atoms as the Nd6/Y6 site.

Generally, neodymium disperses in both Ce- and Y-
dominant minerals and rarely forms its own phases.

Eur. J. Mineral., 38, 419-429, 2026
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We showed, using the example of piilonenite-(Nd),
Nd(CO3),+3H,0 (Lykova et al., 2026), another Nd-dominant
carbonate from Mont Saint-Hilaire, that neodymium can sep-
arate and concentrate in late-stage agpaitic environments due
to its crystal chemically driven affinity for yttrium. With the
depletion of Y from a late-stage solution, Nd can become
the prevalent rare-earth element (REE) in a phase. We pro-
pose that the formation of bainbridgeite-(NdCe) followed the
same mechanism.

Under this model we should expect samarium and gadolin-
ium cations, which are smaller than neodymium but larger
than heavier REEs that usually concentrate in Y-dominant
minerals Y (Dy, Yb), to show an even greater affinity for yt-
trium and thus also concentrate at Y-favouring sites in min-
eral structures in late-stage processes. The chemical data
show that contents of Sm and Gd atoms are, respectively,

1. 0.01 and 0.03 apfu in the holotype of bainbridgeite-
(YCe) from the “carbonate pegmatite” (cores of the
crystals; Lykova et al., 2024),

2. 0.18 and 0.14 apfu in the holotype of bainbridgeite-
(NdCe) from the same pegmatite (rims of the crystals),

3. 0.14 and 0.09 apfu in bainbridgeite-(NdCe) from the
hornfels rock.

As predicted, bainbridgeite-(NdCe) shows a significant en-
richment in both Sm and Gd. Piilonenite-(Nd) is also charac-
terized by significant contents of Sm and Gd atoms but not
heavier REEs (Lykova et al., 2026).

Data availability. Crystallographic data for bainbridgeite-(NdCe)
are available in the Supplement.
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