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Abstract: Eudialyte-group minerals are important accessory minerals of peralkaline rocks of nepheline-
syenite massifs and alkaline–ultramafic complexes. Here, we report the complex study of a eudialyte-
group mineral (EGM) from peralkaline pegmatite of the alkaline-ultrabasic Odikhincha massif (Polar
Siberia). The chemical composition of the studied EGM is intermediate between those of taseqite and
eudialyte, with small admixtures of other members of the eudialyte group. The crystals of EGMs
were formed during the postmagmatic stage in the temperature range of 300–350 ◦C and partly
replaced by late eudialite along cracks during the zeolite stage (~230 ◦C). The chemical compositions,
structural features and mineral association of the studied EGM are similar to those of Sr-Nb-dominant
EGM found in other nepheline-syenite massifs, such as Khibiny, Lovozero and Pilansberg. The EGM
studied in this work is a Cl-deficient taseqite variety (“monochlore taseqite”), which differs from
“dichlorotaseqite” (found only in the Ilimaussaq massif) by a lower amount of chlorine.

Keywords: eudialyte group; taseqite; Odikhincha massif; alkaline massif; pegmatite; postmag-
matic process

1. Introduction

The eudialyte group combines 31 mineral species approved by the Commission on
New Minerals, Nomenclature and Classification of the International Mineralogical Associa-
tion (CNMNC IMA). This group is unique due to wide variations of chemical composition,
different schemes of isomorphous substitutions and unique structural features. The general
formula of eudialyte-group minerals (EGMs) is {N(1)3N(2)3N(3)3N(4)3N(5)3}{[M(1)6M(2)3
M(3)M(4)Z3[Si24O72]Ø0-6}X(1)X(2), where N(1–5) = Na, H3O+, K, Sr, REE, Y, Ba, Mn, Ca,
�; M(1) = Ca, Mn, REE, Na, Fe; M(2) = IV,VFe2+, V,VIFe3+, V,VIMn2+, V,VINa+, IV,VZr4+; M(3)
and M(4) = IVSi, VINb, VITi, VIW6+, �; Z = Zr, Ti, Nb; Ø = O, (OH); X = Cl, F, S2−, H2O,
CO3 and SO4. In EGMs, more than 14 components can be species defining, including
high-field-strength elements (Zr, Ti, Nb, W), large cations (Na, K, Ca, Sr, REE) and volatile
components (CO3

2−, S2−, H3O+, SO4
2−, H2O and Cl−) [1–5]. Considerable amounts of

REE, Zr and Nb make EMGs a prospective source for these critical metals.
Due to variability of structure features and chemical composition, EGMs are consid-

ered as perspective indicators of the conditions of petrogenetic processes. Moreover, EGMs
play an important role in the balance of volatile components, i.e., it was previously shown
by Eggenkamp et al. [6] that EGMs as well as sodalite-group minerals accumulate most of
Cl− and Br− of agpaitic rocks. Eggenkamp et al. [6] also showed that the distribution coef-
ficients of halogens and sulfur between EGM and feldspathoid significantly vary. However,
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the lack of thermodynamic data and information about the mutual influence of components
make it difficult to reconstruct directly the physicochemical conditions, such as tempera-
ture, pressure, melt composition and oxygen fugacity [7]. Thus, to understand better the
relationship between isomorphism, distribution of elements over different crystallographic
sites and find the relationship with the geochemical processes, it is necessary to study the
eudialyte-group minerals and collect as many cases as possible.

EGMs play a role of accessory and even rock-forming components in peralkaline
silica-saturated [8] and silica-undersaturated agpaitic rocks. EGMs are generally found in
massifs of agpaitic nepheline syenites, such as Khibiny, Lovozero, Ilimaussaq [9], etc., and
much rarely, EGM-bearing rocks may be found in alkaline-ultramafic massifs, such as
Konder [10] and Inagli [11], and extremely rarely, in typical alkaline-ultramafic massifs
with carbonatites, such as Kovdor [12] or Salpeterkop [13]. In this paper, we report the
mineralogical features of EGM found in the pegmatite of the Odikhincha massif, a typical
alkaline-ultramafic-carbonatite massif.

2. Geological Setting

Odikhincha is the second largest alkaline complex of the Maymecha-Kotuysky alkaline-
ultramafic magmatic province (57 km2), located at the northwest slope of the Anabar
anticline. Geographically it corresponds to the Odikhincha mountain, situated in the Polar
Siberia in the Taymyrsky Dolgano-Nenetsky administrative District of Krasnoyarsk Krai,
Russia, 588 km east from Norilsk city and 120 km south of Khatanga settlement (Figure 1).
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jakupirangite-melteigites, ijolite-urtites and ijolite-melteigites (Figure 2). Olivinites pre-
sent in xenoliths among ijolites and melteigites up to 2 × 1 km in the plan. Melilite rocks 
(melilitolites, turjaites, okaites and uncompahgrites) form a sickle-shaped body 9 × 0.5 km 
in the eastern part of the massif and also compose outlier blocks among the ijolites in the 
north of the massif up to 1 × 2 km. Melteigites and jacupirangites form a half-circular sub-
vertical intrusion in the northern, eastern and southern margins of the massif; they also 
present as xenolites among ijolites. Ijolites, ijolite-melteigites and ijolite-urtites compose a 

Figure 1. Location of Odichincha massif on the landscape image.

The alkaline rocks of the Odikhincha massif intrude Cambrian and the underlying
Riphean dolomites and silicified dolomites. The massif was formed by compositionally
contrasting, consistently created intrusions (intrusive phases) of olivinites, melilitic rocks,
jakupirangite-melteigites, ijolite-urtites and ijolite-melteigites (Figure 2). Olivinites present
in xenoliths among ijolites and melteigites up to 2 × 1 km in the plan. Melilite rocks
(melilitolites, turjaites, okaites and uncompahgrites) form a sickle-shaped body 9 × 0.5 km
in the eastern part of the massif and also compose outlier blocks among the ijolites in the
north of the massif up to 1 × 2 km. Melteigites and jacupirangites form a half-circular
subvertical intrusion in the northern, eastern and southern margins of the massif; they also
present as xenolites among ijolites. Ijolites, ijolite-melteigites and ijolite-urtites compose a
stock 6.3 × 6.6 km, occupying the central and southwestern parts of the massif. The dikes
and veins of the ijolites cut through and metamorphose the rocks of all earlier intrusive
phases. The areas occupied by the rocks in the main intrusive phases at the current level
of exposure are 1.4, 5.7, 12.6 and 37.3 km2, respectively. Calcite carbonatites and agpaitic
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nepheline-syenite-pegmatites form rare dykes, which cut ijolites and other rocks of the
massif [14,15]. The presence of carbonatites only in the form of dykes is a unique feature of
Odikhincha compared to another massif of the Maimecha-Kotuy province [15], evidencing
a relatively big erosion of the massif [16].
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Figure 2. Geological map of Odikhincha massif (simplified from Ref [14]). 1—vines of nepeline-
syenite pegmates; 2—ijolites, including melanite ijolites, melaijolites and felspatized melaijolites;
3—melteigites and jacupirangites; 4—melelite rocks; 5—olivinite xenolites; 6—dolerites; 7—Cambrian
and Precambrian sedimentary carbonate rocks; 8—faults. The black arrow indicates the sam-
pling point.

The age of the Odikhincha massif was estimated by the U-Pb SHRIMP II method
using the perovskite from ijolite (266 ± 3 Ma) and from olivinite (259 ± 6.5 Ma) [15] by
the ID-TIMS method using a titanium-bearing andradite from the alkaline pegmatoids,
which comprise nepheline, garnet, diopside, phlogopite and apatite as 250 ± 1 Ma [17].
The Rb-Sr isochrone dating shows significant variations in the isochrones’ slope (corre-
sponding to 212–240 Ma), which assumed to reflect a contamination by the Sr-rich brain,
genetically connected with the interaction between alkaline magma and the surrounding
rock in the contact zones of intrusion [18]. Calcite carbonatite from the outcrop in the
Ebe-Yuryakh stream was dated by the Rb-Sr isochrone method (258.04 Ma), U-Pb ay apatite
(272 ± 27 Ma), Ar/Ar stepwise heating method on mica (264.3± 3.0 Ma) and apatite fission-
track method (185.0 ± 11.7) [19]. The last data was interpreted as the evidence that after
the emplacement at the near-surface depths at about 250, the Ma complex was then buried
below the 110 ◦C isotherm due to significant volcano-sedimentary cover accumulation.

The 3.5 m thick peralkaline nepheline-syenite pegmatite, opened with a trench in the
southern part of the massif on the left coast of temporary inflow of the Ebe-Yuryakh stream
(70◦53′46′ ′ N 103◦7′54′ ′ E) near the outcrop of calcite carbonatite with apatite, phlogopite,
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magnetite and minor chalcopyrite (used for isotope and fission-track dating, see Ref [19]),
was found during the field work. The studied pegmatite is located at 70 m NE from the
small pegmatite vein, a type locality of odikhinchaite [20]. However, despite the close
location of the two pegmatites within the Odikhincha massif, their mineral compositions are
significantly different. The thin pegmatite vein is composed of coarse-crystalline orthoclase,
albite, aegirine, cancrinite and subordinate odikhinchaite and ancylite-(Ce). The thick
pegmatite is composed of two contrast zones:

- fine-grained aggregate of nepheline, feldspar, aegirine and wollastonite with poikilitic
crystals of lamprophyllite and flakes of rinkite-group minerals;

- coarse-crystalline zone, with tabular crystals of a brown Sr-rich eudialyte-group
mineral, and gray plates of the K-Na feldspar surrounded by the aggregate, consist
of cancrinite crystals, idiomorphic against zeolite and streaks of interstitial brown
mass of rinkite-group minerals. Cancrinite crystals contain irregular inclusions of
nepheline. The bronze-color lamprophyllite blades and black needles of pyroxene are
disseminated in light mass or gathered in spherules (Figure 3).
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EGM—reddish-brown, orthoclase—gray, nepheline and hydroxycancrinite mass—pale yellow,
aegirine—black, fine-graine aggregates—dark-gray.

Such difference in the mineralogical composition of pegmatites can, probably, explain
that the odikhinchaite-bearing pegmatite is located among fine-grained melteigites, while
the pegmatite under study—near the contact of melteigites with calcite carbonatite.

3. Methods
3.1. Electron Probe Microanalysis

Electron probe microanalysis of EGMs was performed in the Vernadsky Institute
of Geochemistry and Analytical Chemistry, Russian Academy of Sciences on an SX 100
X-ray spectroscopy microanalyzer (Cameca, Gennevilliers, France), equipped with four
crystal-diffraction spectrometers; the electron accelerating voltage was 15 kV, and the
probe current was 30 nA. Samples were coated with carbon by vacuum evaporation.
To reduce the migration of elements to a minimum, the analysis was performed by a
defocused probe of 20 µm in diameter, in a fixed order of elemental identification (with
Na and Si identified first). The standards and X-ray lines used were as follows: jadeite
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(Na Kα, Al Kα, Si Kα); augite (Ca Kα); rhodonite (Mn Kα); zircon (Zr Lα); Cs2Nb4O11
(Nb Lα); ilmenite (Ti Kα, Fe augite); metallic Hf (Hf, Mα); orthoclase (K, Si); barite (S Kα);
celestine (Sr Lα); vanadinite (Cl Kα); synthetic phosphates of Ce, La, Nd, Y (all Lα). The
detection limits were (in mass %): Na—0.02; Al—0.01; Si—0.02; S—0.05; Cl—0.05; K—0.03;
Ca—0.03; Ti—0.04; Mn—0.08; Fe—0.07; Sr—0.20; Y—0.20; Zr—0.15; Nb—0.15; La—0.14;
Ce—0.18; Hf—0.18. The chemical composition of the associated minerals was studied in
the Vernadsky Institute of Geochemistry and Analytical Chemistry, Russian Academy of
Sciences using the TESCAN MIRA 3 electron microscope with X-Max Oxford EDS detector.
The standards and X-ray lines used were as follows: albite (Na, Kα), Al2O3 (Al Kα), SiO2
(Si, Kα); KBr (K), wollastonite (Ca Kα); Ti (Ti, Kα) Mn (Mn Kα); Fe (Fe Kα); MgO (Mg Kα),
zircon (Zr Lα); Nb (Nb Lα); BaF2 (Ba Lα); LaB6 (La Lα); CeO2 (Ce Lα); Nd (Nd Lα); ThO2
(Th Mα).

The H2O content was determined by the Alimarin method to be 0.90 wt.%; this value,
recalculated for 25.41 Si atoms, yields 3.17 hydrogen atoms.

3.2. Infrared Spectroscopy

Infrared (IR) absorption spectra were recorded in the Institute of Problems of Chemical
Physics Russian Academy of Sciences Chernogolovka, Russia on an ALPHA FTIR Fourier
spectrometer (Bruker Optics, Ettlingen, Germany) with a resolution of 4 cm−1; the number
of scans was 16. Mineral powder was preliminarily pressed into a pellet with anhydrous
KBr; a similar pure KBr pellet was used as a comparison sample.

The attenuated total reflectance spectra were recorded in a spectral range of 4000 cm−1

to 600 cm−1 with an ALPHA II FTIR Spectrometer with Eco-ATR single reflection module
equipped with 100 mkm diameter Ge ATR crystal (Bruker Optics, Ettlingen, Germany),
located on the Moscow office of Bruker Optics Ltd. A total of 24 scans were averaged for
each spectrum with a spectral resolution of 4 cm−1. The Kramers–Kronig transformation
was performed by the OPUS 6.0 software (Bruker Optik GmbH, Ettlingen, Germany).

3.3. X-ray Diffraction

The results of the X-ray diffraction study of this material were published earlier [21].

4. Results
4.1. General Features of Studied Pegmatite

As was mentioned above, the studied pegmatite is composed of two contrast zones
that differ in texture and mineral assemblages: lujavrite-like zone and coarse-crystalline
zone, respectively. The lujavrite-like zone consists of a fine-grained nepheline-pyroxene
aggregate, where elongated nepheline grains up to 300× 500 µm are bypassed by “streams”
of subparallel-oriented crystals of clinopyroxene up to 20 × 500 µm in size and surrounded
by fine-grained potassium feldspar, cancrinite and analcime. Some of nepheline crystals
are monocrystals, but most of them consist of four–five crystals with a typical granoblas-
tic relationship. The zone also contains poikilitic crystals of zonal pyroxene-II (up to
300 × 1000 mkm) and lamprophyllite (up to 200 × 150 µm), irregularly distributed by
xenomorphic grains of potassium feldspar (up to 1 mm), pectolite and Sr-rich apatite min-
eral, as well as rinkite-like mineral (up to 800 µm lumpy spherulites). Potassium feldspar
contains inclusions of pectolite, halena, djerfisherite and maucherite (?); it is intersected by
thin veins of albite. Polyphase inclusion with tetraferriphlogopite, Na-zeolite and Sr-rich
burbankite-group carbonate was found in nepheline.

A coarse-grained zone is composed of gray lamellar crystals of K-feldspar up to
3 × 0.5 cm in size, tablet crystals of EGMs up to 1.5 × 1.5 × 0.5 cm and clinopyroxene
spherulites containing xenomorphic EGMs grains in the central part, submerged in a
grayish-yellow mass, where cancrinite with nepheline inclusions, is idiomorphic to an
aggregate of rinkite-group minerals. This mass is crosscut by zeolite veinlets. The needle-
like black crystals of clinopyroxene and bronze plates lamprophyllite are disseminated in
the mass of nepheline and cancrinite.
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Nepheline is abundant in both zones of pegmatite. In the fine-grained zone it forms
isometric crystals, idiomorphic against other minerals; in the coarse-grained zone, it presents
as inclusions in crystals of cancrinite. Nepheline composition is given in Table 1. The low
analytical total reflects the instability of nepheline during the microprobe analysis. Inside
the nepheline, clinopyroxene crystals and polyphase inclusion with phlogopite with an
empirical formula (K0.96Na0.03)(Mg1.97Fe0.94Mn0.06Ti0.03)[Al0.96Si3.05O10](F0.16OH1.84) and
burbankite with empirical formula Na1.89K0.13Ca1.28Fe0.07Sr2.50Ba0.06La0.03Ce0.04(CO3)5.02
were found.

Table 1. Chemical composition (wt.%) of nepheline and feldspar.

Fine-Grained Zone Coarse-Grained Zone

Nepheline Orthoclase Ba-Rich Orthoclase Albite Nepheline Na-Rich Orthoclase Na-Poor Orthoclase

n 4 6 1 1 3 7 5
SiO2 41.54 64.14 61.30 69.89 42.41 65.68 65.07

Al2O3 32.15 17.73 18.05 19.22 33.12 18.20 18.16
Fe2O3 0.86 0.28 0.52 0.00 0.69 0.27 0.07
Na2O 14.79 0.91 0.94 9.78 15.91 0.99 0.20
CaO b.d.l. 0.06 b.d.l. b.d.l. n.a. 0.01 0.05
K2O 6.82 14.91 14.08 0.20 7.00 15.12 16.44
BaO n.a. 0.71 3.11 0.00 n.a. 0.51 0.52
SrO b.d.l. b.d.l. n.a. 0.60 n.a. 0.03 0.07
Total 96.15 98.73 98.00 99.69 99.14 100.81 100.59

b.d.l.—below the detection limit.

Cancrinite forms elongated crystals up to 2 × 1.5 mm, with inclusions of nepheline,
rinkite minerals and pyroxene crystals. The feature of the mineral is low calcium (1.5–2 wt.%
CaO) and high Sr (1.5–3 wt.% SrO) content. The identification of the mineral was confirmed
by IR and Raman spectra.

Feldspars. Orthoclase is one of the most conspicuous minerals. In the coarse-grained
zone, it forms bluish gray plate-shape idiomorphic crystals, surrounded by the late minerals,
including cancrinite, pyroxene and titanite. Na-poor orthoclase was found together with
analcime in the secondary solid inclusions in EGMs crystals. In the lujavrite-like zone,
orthoclase was found as part of the fine-grained hypidiomorphic mass and elongated grains
with inclusions of nepheline, pyroxene and sulfides. The thin veins of albite crosscut these
crystals. The chemical composition of feldspar minerals is shown in Table 2. The majority
of orthoclase from both zones contains ~1 wt.% of Na2O and ~0.3 wt.% of Fe2O3, while
some analyses of orthoclase show significantly lower concentrations of these elements.

Table 2. Chemical composition (wt.%) of clinopyroxene.

Fine-Grained Zone
Coarse-Grained Zone Inclusions in Eudialyte

Yellowish-Green to Green Green to Blueish-Green

Na2O 6.73–8.53 9.42–9.69 7.38–11.31 8.52–9.38
MgO 1.57–4.32 0.91–2.03 1.35–4.95 1.57–1.99
Al2O3 0.66–1.02 0.68–1.11 0.58–0.99 0.66–0.85
SiO2 50.30–51.79 51.15–51.61 51.64–54.32 50.80–51.64
CaO 7.13–11.17 5.60–6.06 4.01–10.54 6.11–7.13
TiO2 0.92–1.82 1.10–1.38 1.02–4.05 1.00–1.02
MnO 0.44–0.69 0.45–0.61 0.52–1.37 0.52–0.69
FeO 20.70–25.43 24.24–26.85 18.30–26.74 24.91–25.43
Total 94.99–97.79 96.21–96.78 96.42–101.25 95.80–96.42

Clinopyroxene is the predominant mineral in the fine-grained zone and a minor min-
eral in the coarse-grained zone. Clinopyroxene is represented by the diopside-hedenbergite-
aegirine solid solution (Table 2). Tetrahedral sites are fully occupied by Si. Ti content is
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variable, reaching 4 wt.% TiO2 in cores of zoned crystals from the coarse-grained zone. Due
to the absence of Al in the tetrahedral sites, the only Ti-aegirine mechanism of the substi-
tution can accommodate tetravalent cations in the M(1) site in clinopyroxene (Ti-aegirine
end-member formula is NaTi1/2Fe2+

1/2Si2O6 [22]). There are two varieties of clinopyrox-
ene in the fine-grained zone: pyroxene-I with yellowish-green to green pleochroism and
pyroxene-II with slight pleochroism from green to blueish-green. Both varieties form an
unevenly grained aggregate of disordered crystals up to 150 × 30 µm, but pyroxene-II also
forms crystals up to 0.3 × 2 mm in size with poikilitic inclusions of nepheline, feldspar
and pectolite.

The chemical composition of pyroxene shows a continuous trend (Figure 4). The
clinopyroxene from pegmatite sharply differs from the pyroxene of the early phases of the
Odikhincha intrusion formation, in that it has a significantly lower content of the diopside
and a higher content of the aegirine component.
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Figure 4. Composition of clinopyroxene from Odikhincha intrusion: our data for clinopyroxene
from pegmatite and for rock-forming clinopyroxene (data from Ref [23]) in terms of Di-Hed-Ac
(Mg–(Fe2+ + Mn)–Na) in comparison with evolution trends of various alkaline complexes: (K)
Katzenbuckel, SW Germany (Mu) Murun, Siberia, (L) Lovozero, Kola Peninsula, (A) Alnö, Sweden
(Mo) Motzfeldt, South Greenland, (Q) North Qộroq, South Greenland, North Qôroq, South Greenland)
(I) Ilímaussaq. P- Pilansberg [24–27] Quantitative data on oxygen fugacity (given as ∆FMQ units,
where FMQ is the fayalite-magnetite-quartz buffer) for Katzenbuckel, Ilímaussaq and Motzfeldt are
given from Refs [24,27,28].

Pectiolite is abundant in the fine-grained zone; it forms syngenetic epistaxis inclusions
in clinopyroxene-II and also xenomorphic grains, with inclusions of pyroxene-I.

Lamprophyllite forms bronze-yellow needle-shape crystals up to 1 mm long. The
chemical composition of lamprophyllite is shown in Table 3. The compositions of lampro-
phyllite in both zones of pegmatite are similar and may be subscribed by the empirical
formula (Sr1.32Na0.49K0.11Ba0.09) (Na2.13Ca0.15Mg0.10Mn0.20Fe0.31Ti2.86Nb0.01)Si4.00 . . . F0.78.
This composition is notable by the low potassium, barium and manganese content relative
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to the worldwide lamprophyllite variations [29]. Polyphase inclusion with nepheline,
sodalite and Sr-Ba-carbonate was found in lamprophyllite from the fine-grained zone.

Table 3. Chemical composition (wt.%) of lamprophyllite, rinkite-group minerals and titanite associ-
ated with EGMs in peralkaline pegmatite of Odikhincha massif.

Lamprophyllite
Rinkite-Group Minerals

Titanite
Rinkite-(Ce) Mosandrite-(Ce) Unnamed Mineral

n 4 1 5 3 7 2
SiO2 30.11 31.55 29.34 25.15 34.43 28.84
TiO2 28.67 29.68 7.66 9.62 12.88 38.33
Al2O3 0.09 0.35 5.19 0.21
FeO 2.80 2.97 0.05 0.22 0.59 1.97
MnO 1.77 1.66 0.01
MgO 0.51 0.40
CaO 1.09 0.78 26.38 21.01 4.09 26.38
SrO 17.30 17.36 5.94 2.51 1.55 0.92
BaO 1.60 2.21
K2O 0.65 0.67 0.30 0.51 0.01

Na2O 10.13 10.87 6.34 0.70 0.16 0.76
Nb2O5 0.23 0.24 3.59 2.53 5.22 1.52
ZrO2 0.09 0.39 0.06
La2O3 4.71 4.79 7.17 0.21
Ce2O3 5.38 9.18 9.72 0.50
Nd2O3 0.72 0.78 1.06
Y2O3 0.35 0.74 0.33
ThO2 1.21 1.85 2.34
UO3 0.39 0.53 0.36

F 1.83 2.03 6.75 1.50 0.00
Total 94.86 98.39 92.23 80.65 85.60 99.69

Titanite forms rare crystals, both in fine-grained and in coarse-grained zones. In the
fine-grained zone, titanite associated with lamprophyllite, and in the coarse-grained zone,
idiomorphic titanite was included into cancrinite.

Three rinkite-group minerals, identified from the microprobe analyses (Table 3), were
found: rinkite-Ce with empirical formula Ca3.85Na1.67REE0.55Sr0.47Ti0.78Nb0.22(Si2O7)2F2.91,
mosandrite-(Ce) Ca3.60REE0.90Sr0.22Na0.20Ti1.15Nb0.18(Si2.97Al0.03)2F0.66 . . . and unnamed
cation-deficient mineral with the formula Ca0.43Na0.03Sr0.08REE0.66Ti0.96Nb0.23Si3.40Al0.60F0.00.
Rinkite-(Ce) forms thin, up to 0.3 mm long crystals in both zones of pegmatite. The crystals
may be scattered or segregated in felt-like aggregates. In the fine-grained zone, these
aggregates overlay the pattern of rock-forming minerals; in the coarse-grained zone, these
aggregates surround the crystals of Na-zeolite with rinkite inclusions. Other rinkite-group
minerals substitute rinkite crystals. Small loparite crystals (up to 10 mkm) were found in
association with rinkite. The low analytical sum of rinkite-like mineral is connected with
high H2O content.

4.2. Morphology, General Physical and Optical Properties of EGMs

EGMs form nicely shaped flattened crystals up to 1.5 × 1.5 × 0.5 cm in size. The
crystals show combinations of pedions with triangular shading prisms and trigonal pyra-
mids. The crystals are dark reddish-brown. Thin (<1 mm) splinters of crystals are brown
as buckwheat honey, with vitreous luster. The streak is white. No cathodoluminescence
or fluorescence were found under short- and long-wave ultraviolet light, but strong laser-
inducted luminescence was observed during Raman spectroscopy experiments. The min-
eral is brittle, with uneven fracture; the cleavage parallel to the pinacoid was observed
only in polished preparates’ fracture direction, as well as fracture direction parallel to the
pyramid and prism faces. The Mohs hardness is 5.
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The crystals consist of a core and shell and differ in the zoning type: the core of the
crystals shows spotted zoning in composition, while the shell shows clear oscillatory zoning
with micrometer range and often contains inclusions of pyroxene and rinkite-like mineral
(Figure 5). The border between the core and the rim zones has irregular, smooth shape
(see Figure 5b,c), which obviously evidences the dissolution event. In contrast with the
core, the shell contains aegirine crystals and polyphase inclusions filled by orthoclase and
zeolites. The secondary taseqite forms thin veinlets, crosscutting both the core and the shell
of the primary taseqite crystals. Sometimes, the central part of such veinlets is filled by
zeolites. In the fine-grained zone, the EGMs form xenomorphic to amoeba-shaped irregular
poikilitic crystals, surrounding the nepheline and pyroxene.
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4.3. Chemical Composition of EGMs

The chemical data for EGMs are given in Table 4. The contents of the elements with
the atomic numbers <8 are below detection limits. The formula coefficients were calculated
following Ref [1], based on the sum of (Si + Zr + Ti + Nb + Al + Hf) cations normalized to
29 cations per formula unit (p.f.u.), and the portions of all others were multiplied to this
standardization. Si and Al are summed, and excess Si to 24 a.p.f.u. (atoms per formula
unit) is added to M(3) and M(4) sites. All Zr and Hf are assigned to the Z site, and the
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deficiency in this position is filled up to 3 a.p.f.u. by Ti; the remaining Ti is assigned to the
M(3) site together with Nb and Si. Fe and Mn are allocated to the M(2) site, and the small
deficiency makes up the total to three atoms with Na, based on the generalization of the
structured data [5]. Based on the X-ray absorption spectroscopy results [30], all lanthanides
are assigned to the M(1) site together with Ca. The excess of Ca are assigned to the N
sites together with elements with large ionic radii. The calculated coefficients are given in
Table 5. In accordance with the classification of EGMs, the studied sample is taseqite.

Table 4. Chemical composition (wt.%) of EGMs from Odikhincha massif.

Constituent

Well-Shaped Euhedral Crystal
Xenomorphic

Central Part Edge Part Alerted Zone

Mean Range Mean Range Mean Range Mean Range

Na2O 11.63 10.81–12.16 11.49 9.94–12.53 10.48 9.27–11.43 10.04 8.32–11.43
K2O 0.65 0.4–0.79 0.62 0.42–0.74 0.67 0.61–0.74 0.27 0.22–0.37
CaO 11.13 10.56–12.07 11.38 10.47–11.88 11.45 11.14–12.08 11.25 11.08–11.42
SrO 5.20 3.82–6.37 4.96 3.94–5.7 5.91 5.02–6.84 4.75 3.82–5.39
BaO 0.10 0.1–0.1 0.04 0.04–0.04 0.35 0.35–0.35
Y2O3 0.01 0–0.05 0.01 0–0.03 0.02 0–0.11
La2O3 0.27 0.1–0.55 0.20 0.04–0.47 0.47 0–0.87 0.14 0.09–0.19
Ce2O3 0.26 0–0.54 0.24 0.06–0.48 0.43 0.09–0.83 0.27 0.24–0.29
Nd2O3 0.04 0.04–0.06 0.06 0–0.11 0.08 0.08–0.08 0.04 0–0.12
MnO 1.46 1.06–2.17 1.61 0.37–2.07 1.77 0.45–2.47 1.86 1.73–2.04
FeO 4.99 4.71–5.36 4.80 4.22–5.35 4.16 3.74–4.61 5.12 4.91–5.49
TiO2 0.76 0.4–1.63 0.98 0.43–1.78 0.40 0.22–0.57 0.89 0.68–1.27

Nb2O5 2.37 1.56–3.61 2.34 1.81–3.13 3.01 2.21–3.68 2.22 2.03–2.36
ZrO2 11.14 9.36–11.94 10.56 9.53–11.73 11.50 10.46–12.42 10.14 9.66–10.97
HfO2 0.13 0.09–0.17 0.08 0–0.13 0.19 0.15–0.25 0.12 0.08–0.17
SiO2 48.49 45.3–51.09 49.36 47.39–52.03 47.58 44.96–49.62 49.02 48.45–49.48
SO3 0.17 0.08–0.24 0.18 0–0.27 0.14 0.06–0.23
Cl 0.96 0.8–1.08 0.95 0.81–1.05 0.67 0.49–0.93 0.77 0.74–0.8

Total 99.53 97.27–
101.93 99.71 95.71–

102.66 98.71 94.98–
102.82 96.89 95.86–97.64

Table 5. Empirical formula coefficients for EGMs from Odikhincha massif.

Central Part Edge Part Alerted Zone Xenomorphic

N sites

Na 11.60 10.85–
12.21 11.23 9.78–12.32 10.74 9.43–11.87 10.13 8.44–11.50

Ca 0.32 0.00–0.60 0.36 0.00–0.58 0.66 0.40–1.00 0.36 0.24–0.51
Sr 1.57 1.10–2.03 1.48 1.21–1.71 1.81 1.50–2.09 1.43 1.15–1.64
K 0.43 0.26–0.53 0.41 0.28–0.48 0.45 0.39–0.51 0.18 0.15–0.24

M(1) site
Ca 5.90 5.79–5.96 5.92 5.82–5.97 5.83 5.68–5.97 5.92 5.90–5.94

REE 0.10 0.04–0.21 0.08 0.03–0.18 0.17 0.03–0.32 0.08 0.06–0.10

M(2) site
Fe 2.17 2.01–2.37 2.07 1.86–2.32 1.84 1.65–2.03 2.23 2.15–2.39
Mn 0.66 0.46–0.95 0.69 0.00–0.90 0.73 0.00–1.09 0.82 0.77–0.90
Na 0.17 0.00–0.36 0.24 0.01–0.83 0.43 0.14–1.17 0.03 0.00–0.08

M(3,4)sites
Nb 0.57 0.36–0.90 0.55 0.42–0.75 0.72 0.51–0.88 0.52 0.48–0.55
Si 0.31 0.00–0.69 0.42 0.12–0.79 0.17 0.00–0.44 0.54 0.36–0.76
Ti 0.14 0.00–0.28 0.07 0.00–0.44 0.10 0.00–0.21 0.03 0.00–0.10

Z site
Zr 2.80 2.37–3.00 2.65 2.40–2.88 2.96 2.69–3.15 2.58 2.44–2.80
Ti 0.19 0.00–0.62 0.35 0.12–0.59 0.06 0.00–0.23 0.31 0.17–0.50
Hf 0.00 0.00–0.03 0.00 0.00–0.02 0.00 0.00–0.04 0.02 0.01–0.03

X site Cl 0.85 0.72–0.94 0.83 0.70–0.90 0.60 0.44–0.81 0.68 0.66–0.70
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4.4. Infrared Spectroscopy

The Kramers–Kronig-transformed attenuated total reflectance and absorption spectra
of Sr-rich EGMs from the Odikhincha alkaline complex are given in Figures 6 and 7. The
absorption IR spectrum of taseqite from Odikhincha (curve c in Figure 6 and curve a in
Figure 7) includes the following bands (cm−1): 3502, 3326 (O–H stretching vibrations),
1643 w (H–O–H bending vibrations), 1507 w, 1451, 1415 w (asymmetric stretching vibrations
of the CO3

2− groups), which are well fixed only in the powder spectra. The strongest
absorption diapason of 900–1050 cm−1 (Si–O stretching vibrations) includes four bands: the
band at 1055 cm−1 forms a shoulder in the spectra obtained from the surface, perpendicular
to the three-fold axis and absent in the spectra, obtained from the surface, parallel to the
three-fold axis. Bands at 1019 and 973 cm−1 present in all the spectra, but the intensity
of the band at 1019 cm−1 varies strongly, while the band at 926 cm−1 is strong in the
spectra obtained from the surface parallel to the three-fold axis. The intensity of the
band at 1019 cm−1 in the direction parallel to the three-fold axis obliquely correlated
with Nb content, so we can connect it with vibrations of NbO6 octahedrons in the M(3a)
site. On the other hand, the intensity of the band at 1019 cm−1 inversely correlated with
the band at 926 cm−1, corresponding to the additional SiO4 tetrahedra located at the
centers of nine-membered rings [31]. The next area includes bands at 740 cm−1 (mixed
vibrations of tetrahedral rings—“ring band”), 697 cm−1, 656 cm−1 (mixed vibrations
of tetrahedral rings combined with Nb–O stretching vibrations). The last two bands
show variable intensity, especially in the spectra obtained from the surface, parallel to the
three-fold axes. The 542 sh and 528 bands are attributed to the IVFe2+–O and IVMn2+–O
stretching vibrations, respectively, 479, 452 (lattice mode involving predominantly bending
vibrations of tetrahedral rings), 367 (lattice modes involving Ca–O stretching vibrations).
The assignment of IR bands was made based on the analysis of IR spectra of structurally
investigated eudialyte-group minerals.
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Figure 6. Kramers–Kronig-transformed attenuated total reflectance spectra obtained from the pol-
ished surfaces, perpendicular (a) and parallel (b) to the three-fold axes of the same crystal and powder
infrared absorption spectrum of EGMs (c) from Odikhincha alkaline complex.

The IR spectra of various Sr- and Nb-dominant EGMs given in Figure 7 are similar.
The assignment of IR bands of these minerals was made based on Ref [3]. The ranges of
3300–3600 and 1630–1660 cm−l correspond to O–H stretching and H–O–H bending modes,
respectively. The peaks in the range of 1410–1510 cm−l are due to asymmetric vibrations
of carbonate groups. Strong bands observed in the regions 920 to 1100, 650 to 670 and
400 to 500 cm−l correspond to Si–O stretching and O–Si–O bending and Si–O–Si bending
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vibrations. The distinct peaks near 740 cm−l are related to the mixed vibrations of rings of
SiO4 tetrahedra (so-called “ring band”).
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Figure 7. Powder infrared absorption spectra of (a) Cl-deficient taseqite from
Odikhincha (this work), (b) CO3-bearing Cl-deficient taseqite with the empirical formula
Na12.0(Sr1.3Na0.9K0.5Ca0.2Ba0.1)(Ca5.7Mn0.3)(Fe1.6Mn1.4)Zr3.1Ti0.1Nb0.7Si25O73(O,OH)xCl0.6(CO3)0.5·nH2O
from the Yukspor mountain, Khibiny [32], (c) odikhinchaite holotype sample, ideally
Na9Sr3[(H2O)2Na]Ca6Mn3Zr3NbSi(Si24O73)(OH)3(CO3)·H2O, from Odikhincha [20] and (d) Fe-rich
odikhinchaite variety Na11Sr3(Mn2+,Fe2+,Fe3+)Ca6Zr3Nb[Si25O72(OH)](CO3)Cl(OH,O)4 from the
Putelichorr mountain, Khibiny [33].

The band at 526 ± 3 cm−l is a characteristic feature of Mn and Fe occurring at the M(2)
site and having five-fold coordination (square pyramid). In all IR spectra given in Figure 7,
this band has a shoulder between 540 and 550 cm–l, which is an indication of the minor
amount of Fe2+ with the configuration close to a flat square [3].

In most Cl-deficient Sr- and Nb-dominant EGMs, chlorine is partly substituted by
carbonate groups. As seen from Figure 7, taseqite is an exception to this regularity: the
bands of CO3

2− groups in its IR spectrum are very weak. Another distinctive feature of this
sample is a weak IR band at 3502 cm–l, which may be related to vibrations of OH groups or
H2O molecules at the X(2) site.

5. Discussion

The chemical composition of the studied EGMs from the Odikhincha massif is notice-
able by the high concentration of Sr and Nb. There are four Sr-dominant eudialyte-group
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minerals: khomyakovite, mangankhomyakovite, taseqite and odikhinchaite. The last one is
specific due to the predominance of CO3

2− anion in the X-site [20]. Sr- and Nb- rich samples
of EGMs were also described in Lovozero [34], Khibiny [35] and Pilansberg massifs [36].

The simplified formula of EGMs from Odikhincha based on structure refinement [21]
(1) and average EMPA data (2) nominally corresponds to taseqite but differs from the
formula of holotype taseqite from Ilimaussak [37], calculated from the structure refinement
(3) and chemical data (4):

Na12Sr3Ca6Fe2+
3Zr3NbSi25O72(OH,O)4Cl(H2O)0.2; (1)

Na12Sr2Ca6(Fe,Mn)3Zr3(Nb,Ti)Si25O72(OH,O)4Cl(H2O)0.2; (2)

Na12Sr3Ca6Fe3Zr3NbSi25O73(O,OH,H2O)3Cl2; (3)

Na9Sr5Ca5Fe2Mn2Zr3NbSiSi24O73(O,OH,H2O)3Cl2. (4)

The distinction can be clearly shown on the Sr vs. Cl and Sr vs. Nb diagrams plot
(Figure 8). On the Sr-Nb diagram (Figure 8a), the studied eudialyte, odikhinchaite and Sr-
Nb EGMs from the Khibiny, Lovozero and Pilansberg massifs form a single elongated field.
One end of this field, where the primary EGMs analyses are located, starts approximately
from one-third of the line connecting the points (0; 0) and (1; 3), and the other, where
the secondary EGMs points together with points of odikhinchaite and Sr-Nb EGMs from
Khibiny, Lovozero and Pilansberg are located, extends toward the point (1; 2). That is,
this field has a noticeably lower slope than the line connecting the figurative points of the
theoretical composition of eudialyte and most of the minerals of the eudialyte subgroup and
the figurative points of the theoretical composition of taseqite and odikhinchaite. Some of
the primary EGMs analyses are characterized by the content of niobium and strontium, and
chlorine is insufficient to ensure their predominance in the corresponding sites (they may
be identified as eudialyte-ss. or labirintite, after additional study), and some of them have
insufficient Sr content to be assigned to taseqite but sufficient Nb content to be attributed
to ferrokentbrooksite. The holotype taseqite contains 2.47 a.p.f.u. of Sr in the N(4) site, 1.1
a.p.f.u. of Sr in the N(3) site and 0.3 a.p.f.u. of Sr in the M(1) site. It is interesting to note
that the sum of strontium is 3.87 a.p.f.u., which is significantly lower than the chemically
estimated Sr content (4.84 apfu). The last number may evidence that Sr is dominant not
only in the N(3) site but also in the N(4) site, while «taseqite» from Odikhincha, similar
with the «Fe,Sr-analog of kentbrooksite» from Lovozero, contains Sr only in the N(4) site.

In the Si-Nb diagram (Figure 8c), the figurative field of the studied EGMs spreads along
the line segment, connecting points Si = 26 and Nb = 0, which corresponds to eudialyte-s.s.
and others, while Si = 25 and Nb = 1 corresponds to taseqite, odikhinchaite, kentbroksite
and others. The figurative points of analyses of xenomorphic grains and idiomorphic
crystals are distributed near the half of the section, while the points of secondary EGMs are
located toward the Nb-rich side. Primary EGMs (especially in Nb-poor parts) are slightly
enriched by Ti both in the M(4) and Z sites, relative to the secondary one (Figure 8e,f),
which might be interpreted as the admixture of labirintite and alluaivite components.

At the Sr vs. Cl diagram (Figure 8b), the figurative points of primary EGMs are located
near the point with the coordinates Sr = 1.5 and Cl = 1, which may be described as the
mixture of taseqite with kenbrooksite-like end member, as well as the mixture of eudialyte-
like end member with odikhinchaite or khomyakovite. The secondary EGM spreads in the
direction of odikhinchaite and khomyakovite points. The Na vs. Cl (Figure 8d) diagram
also demonstrates that secondary EGMs are slightly poorer in Na than primary ones. These
trends show that the late-hydrothermal transformation process results both in enrichment
in Sr and leaching of Cl and Na. The EGMs from Khibina, Lovozero and Pilansberg show
similar Cl and Na content. In contrast, the taseqite from the Ilimaussak massif is much
richer in Cl. There are two chlorine-dominant positions in holotype taseqite but only one in
the eudialyte-group mineral from Odikhincha and other Sr-rich EGMs.
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Figure 8. Chemical composition (a–f) of Nb-Sr-rich eudialyte-group minerals from the Odikhincha
massif. New data: dark-blue dots—center and light-blue rime zone; violet dots—secondary zones of
idiomorphic crystals; dark-blue crosses—xenomorphic crystals; light-blue diamond—odikhinchaite
(Odikhincha); gray diamond—taseqite (Ilimaussak); green square—«Fe,Sr-analog of kentbrooksite
(Lovozero)»; red square—«taseqite» (Khibina massif); and yellow triangle—«transitional to tase-
qite» (Pilansberg) [20,34–37].

Both these features are not enough to establish it as a new mineral species. However,
it could be useful to distinguish this variety from the holotype taseqite from Ilimaussak
using the prefix «mono-chlore» (Table 6).
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Table 6. Site populations (apfu) in the key positions of taseqite and taseqite-like minerals.

Site «Taseqite»,
Odikhincha [21]

Taseqite,
Ilímaussaq [37]

«Fe,Sr-Analog of Kentbrooksite»,
Lovozero [34]

Odikhinchaite,
Odikhincha [20]

M(1) 5.85 Ca + 0.15 REE 4.98 Ca + 0.58 Mn +
+ 0.3 Sr + 0.14Y 4.85 Ca + 0.85 Mn + 0.30 REE 6 Ca

M(2a) 2.43 FeV 1.25 Fe2+,V + 0.92 MnV 0.87 Fe2+,IV
2.49 Mn + 0.51 Fe

M(2b) 0.45 MnV 0.68 Fe2+,V 1.11 Fe2+,V + 0.67 MnV +
0.19 TiV + 0.1ZrV + 0.04 HfV

M(3a) 0.64 Nb 0.97 Nb 0.7 Nb + 0.3 Si NbM(3b) 0.33 Si
M(4a) 0.67 Si 0.3 Nb Si 0.82 Si
M(4b) 0.27 Ti 0.45 Si 0.18 Si
N(3) 2.5 Na + 0.5 K 1.9 Na + 1.1 Sr 3 Na 2Sr + 0.45 K + 0.2 REE Ln

0.35 Na
N(4) 1.71 Sr + 1.29 Na 2.47 Sr + 0.53 Na 1.8 Sr + 0.96 Na + 0.24 K 3 Na
N(5) 3 Na 2.56 Na 3 Na 1.8 H2O + 1.2 Na

X(1) 0.74 Cl 0.91Cl 0.53 CO3 + 0.35 Cl
0.12 Cl

X(2) 0.18 H2O 0.83 Cl 0.6 H2O
0.4 (OH,F)

Note: The superscripted Roman numerals indicate the coordination number.

The binary diagrams perfectly demonstrate that in spite of the average composition
and single-crystal structure refinement data corresponding to the taseqite, part of the analy-
ses of the same crystals should be classified as other mineral species, probably eudialyte
and ferrokentbruksite, as they contain less than 1.5 a.p.f.u. of Sr, and therefore, the N(4) site
is mainly occupied by Na instead of Sr, and the amount of Nb is less than 0.5 a.p.f.u., and
therefore, Si predominates in both the M(4) and M(3) sites, but a crystal structure study is
necessary for accurate future identification. The situation is similar for the Sr-Nb minerals
of the eudialyte group from the Khibiny, Lovozero and Pilansberg massifs.

The holotype sample of taseqite contains higher contents of niobium, chlorine and
strontium relative to the theoretical composition of, taseqite. In the holotype sample,
strontium predominates in the N(3) site and significantly occupies N(4); Nb occupies not
only the M(3a) site but also M(4a); chlorine, as in eudialyte-s.s., fills both the X(1) and X(2)
sites, while in the other Sr-Nb minerals of the eudialyte group, the content of chlorine does
not exceed one atom per formula unit, and strontium is not enough to completely fill the
N(3) site.

Thus, only the Ilimaussak massif mineral can actually be taseqite, while the strontium-
niobium minerals from the Odikhincha, Khibiny, Lovozero and Pilansberg massifs consti-
tute a specific variety that can be called “monochlore taseqite”.

The mineral assemblage associated with EGMs provides a possibility to estimate the
mineral-forming conditions. The composition of nepheline (Figure 9a) corresponds to the
formation temperature ~775 ◦C, which must be attributed to the early pegmatite mineral
association. The potassium feldspar composition (Figure 9b) demonstrates a much lower
crystallization temperature (300–350 ◦C) for the main pegmatite mineral association, which
includes potassium feldspar, cancrinite, pyroxene-I, pectolite and EGM. Similar temperature
estimation follows from the pectolite presence in this association; the experimental data
show that pectolite may be synthesized at 300 ◦C and 80–300 bars and decomposed above
620 ◦C [38]. The presence of cancrinite also evidences a similar limitation; the proper
cancrinite and hydroxyl cancrinite are stable at least up to 800 ◦C at 1.38 kbar H2O [39]
and up to 930 ◦C at 2 kbar of H2O-rich fluid [40]. The Ca-low cancrinite («natrodavyne»)
transforms to a cubic nosean-type phase at 600–650 ◦C and 1.38 kbar H2O [39].

The formation temperature of the late association, which includes the late generation of
EGMs and zeolites, is limited to 230 ◦C because of the presence of chabazite-group minerals.

It was established [24] that the position of clinopyroxene composition trend on the
diopside-hedenbergite-aegirine diagram is determined by the oxygen fugacity during
the differentiation of the peralkaline system. Practically, we can say that rock-forming
clinopyroxene and clinopyroxene from pegmatite are located on the different ends of
the Alno differentiation trend, between the trends of Katzenbuckel at ∆FMQ +1–+2 and



Minerals 2022, 12, 1015 16 of 19

Motzfeldt at ∆FMQ −0.5–−2, so we can conclude that the peralkaline system of the
Odikhincha pegmatite was formed at the oxygen fugacity near the FMQ buffer (see Figure 4).
The presence of the Ti-aegirine component in the clinopyroxene composition is also evident
of the low oxygen fugacity [22].
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In the Ilimaussak massif, taseqite is associated with albite, aegirine, analcime, ancylite-,
calcite, dolomite, catapleite, fluorapatite and pectolite, in a late hydrothermal cavity of the
albite vein [37]. In the Pilansberg Massif, minerals of the lamprophyllite group transitional
to taseqite are found together with barytolamprophyllite [36]. “Taseqite” in the Khibiny
massif is considered to be the result of low-temperature replacement of eudialyte and is
associated with lovozerite-like mineral, titanite, Sr-rich lamprophyllite (formed after Sr-Ba
lamprophyllite), Sr-apatite, pectolite, fersmanite, calcium pyrochlore and loparite [35].

The spatial association of pegmatite with carbonatite requires a comparison with
the “agpaitic crossed pegmatites” of the Kovdor massif. However, in the “crossing peg-
matites”of the Kovdorsky massif (as well as the Inagli agpaitic pegmatites, less studied but
similar to the Kovdorsky ones) the influence of the carbonate environment is expressed in
the presence of high-calcium representatives of the eudialyte group, including those con-
taining CO3

2− groups: feklichevite Na11Ca9Fe2Zr3NbSi25O73(OH,H2O,Cl,O)5, golyshevite
Na10Ca9Fe2Zr3NbSi25O73(OH)3[CO3] H2O and mogovidite Na9(Ca,Na)6Ca6(Fe3+,Fe2+)2Zr3
Si25O72(CO3)(OH,H2O)4 [12,44]. In the contrast, the Odikhincha pegmatite contains a high-
strontium rare-metal mineralization, including taseqite-like mineral of the eudialyte group,
as well as rinkite, mosandrite, lamprophyllite and Sr-rich apatite mineral.

In the Illimaussak, Pilansberg and Khibiny massifs, taseqite and taseqite-like eudialyte
is formed during the hydrothermal stage [35–37] and is accompanied by a mineral asso-
ciation largely similar to the mineral association of the studied pegmatite. Thus, despite
being in the complex of alkaline-ultrabasic rocks, the pegmatite of the Odikhincha massif is
mineralogically similar to the pegmatites of the agpaite-syenite alkaline massifs [12].

The strontium specificity of pegmatite is apparently evidence of the formation of peg-
matite because of the interaction of alkaline-ultrabasic rocks of the massif and concentrated
salt fluid rich in strontium, whose existence in alkaline complexes was assumed by B.G.
Pokrovsky [18]. The sequence in which the activity of various alkaline earth elements
manifests itself at the late stages of the evolution of alkaline-ultrabasic complexes was
studied by us using the example of alkaline pegmatites and hydrothermalites of the Kovdor
massif [44]. An analysis of the evolutionary series of minerals in these objects shows that
the activity of magnesium continuously decreases, the activity of calcium continuously
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increases, and the activity of strontium and barium passes through a maximum [45]. A
similar behavior of barium was observed by us in late differentiates of alkaline rocks of the
Khibiny massif. In the crystals of minerals of the thomsonite-Ca–thomsonite-Sr series from
hydrothermalites of the Khibiny massif, zones enriched in Sr are noted, marking the stage
of high activity of this element [46]. It can be assumed that the crystallization of taseqite
and odikhinchaite in pegmatites of the Odikhincha massif also belongs to this stage.

6. Conclusions

We studied the EGMs from the peralkaline pegmatite, located in the melteigites of a
typical alkaline-ultrabasic Odikhincha massif (Polar Siberia). The average composition of
EGMs crystals corresponds to the IMMA-approved formula of taseqite. The composition
and structure features of the studied EGMs are close to the Sr-Nb EGMs found in nepheline-
syenite massifs (Khibiny, Lovozero and Pilansberg).

At the same time, taseqite from Ilimaussak (holotype sample) contains higher contents
of niobium, chlorine and strontium than the theoretical taseqite. This difference raises the
question of actuality to refine the taseqite formula according to the composition of the
holotype specimen.

The intracrystalline composition variations are such that in one crystal, there are are-as
that formally correspond to at least three mineral species: taseqite, ferrokentbruksite and
eudialyte-sensu stricto or some other Nb-poor mineral. Probably, even those different areas
of one crystal belong to different subgroups of the eudialyte group.

The presence of three mineral species, each of which requires both chemical and
structural data in a single crystal for its accurate diagnosis, illustrates the inconvenience of
the conventional principles of mineralogical nomenclature for eudialytes.

There are 10 cationic positions in the structure of the eudialyte, which allow isomor-
phism, which leads to the possibility of the existence of at least 1024 mineral species. Today,
30 approved minerals of the eudialyte group are known; the majority of them are described
in only one place. In addition, there are data on 28 candidates for approval of the mineral
species. So, discovering new minerals and ordering them is the way to establish cum-
bersome and overcomplicated nomenclature, which will not be useful as a guide for the
practical purposes of petrology, geochemistry, exploration and technological mineralogy.

At the same time, there are some clearly similar EGMs sampled in different localities,
which it would make sense to unite under one name. If they belonged to the same mineral
species, then these groups would have the status of a mineral variety, but they do not
belong to the same species. Thus, the mineralogical nomenclature needs a «group-variety»
taxon that is similar in its laxity to a “variety” but is not subordinate to the mineral species.
It might make sense to retain the word “variety” while adding the name of the group or
supergroup to it.

It makes sense to enclose the names of such group varieties in quotation marks, so that
when reading them, they can easily be distinguished from mineral species, while the names
themselves should not coincide in sound and spelling with the existing mineral species.

For example, strontium-niobium EGM from the Odikhincha, Khibiny, Lovozero and
Pilansberg massifs constitutes a specific eudialyte variety that can be called “mono-chlore-
taseqite” to distinguish it from taseqite sensu stricto, which was found only in the Ilimaus-
sak massif.
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