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ABSTRACT

Betzite, ideally NagCay(AleSigO24)Cly, a new cancrinite-group mineral, was discovered in a metasomatically altered
(pyrometamorphosed) calcic xenolith, hosted by alkaline basalt at the Bellerberg paleovolcano in the Eastern Eifel region,
Rhineland-Palatinate, Germany. The associated minerals are anorthite, phlogopite, diopside, grossular, fluorite, calcite, a
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tobermorite-like mineral, and vanadoallanite-(Ce). Betzite occurs as colorless hexagonal prismatic crystals up to 2 mm long and
up to 0.5 mm thick. The new mineral is brittle, with a Mohs’ hardness of 5%. Distinct cleavage on {1010} and parting on
{0001} are observed. The D,e.s =2.38(2) g/cm3 and D, =2.363 g/cm3 . Betzite is optically uniaxial () with ® = 1.528(2) and
£=1.545(3). The IR spectrum is given. The chemical composition of betzite is (wt.%; electron microprobe, H,O determined by
the modified Penfield method): Na,O 11.88, K,0 4.82, CaO 10.74, MgO 0.21, Al,05 27.32, Fe,05 0.68, SiO, 32.84, SO; 1.89,
ClI 10. 48 H20 1. 10 —0=Cl 2. 37 total 99.59. The empirical formula is Na4 22K| 13C32 llMgO ()(,(Si(, 01A15 9()FC3+() 09024)C13 25
(SO4)0.26(H1.3400.64). The crystal structure was determined usmg single-crystal X-ray diffraction data. It is hexagonal, space
group P63, a=12.8166(9) A c=5. 3562(3) A, v=761. 95(12) A (at a temperature of 100 K) and Z=3. Betzite is a dimorph of
quadridavyne, with a disordered distribution of extra-framework components occupying channels. The strongest lines of the
powder X-ray diffraction pattern [d, A (I, %) (hkl)] are: 11.14 (31) (100), 4.833 (93) (101), 3.715 (95) (300), 3.313 (100) (211),
2.787 (37) (400), 2.681 (56) (002, 131), 2.474 (35) (112, 401), 2.146 (24) (330). The mineral is named in honor of the German
amateur mineralogist Volker Betz (b. 1947).

Keywords: new mineral, betzite, quadridavyne, cancrinite group, crystal structure, IR spectroscopy, calcic

xenolith, pyrometamorphism, Bellerberg paleovolcano, Eifel.

INTRODUCTION

Cancrinite-group minerals are microporous hexag-
onal or trigonal feldspathoids with negatively charged
frameworks that consist of layers composed of six-
membered rings of Si- and Al-centered tetrahedra
perpendicular to the ¢ axis and host alkali and alkaline-
earth cations (mainly Na', K, Ca*"), anions (CI,
S042, CO3%, SO5%7, PO, C,0,%, OH, F, S,”),
and neutral molecules (H,O and CO,) in channels
positioned along the [0 0 z] axis (Merlino 1984,
Ballirano et al. 1996, Bonaccorsi & Merlino 2005,
Pekov et al. 2011, Chukanov et al. 2021). Three
different kinds of layers can be formed by six-
membered rings of tetrahedra; these traditionally being
denoted by the letters 4, B, and C (Rinaldi & Wenk
1979, Ballirano et al. 1996). The simplest two-layer
cancrinite (CAN)-type framework is characterized by
an AB stacking sequence. Minerals with the CAN-type
framework are the only representatives of the cancri-
nite group that contain channels 5.8 to 6.0 A in
diameter created by 12-membered rings (Fig. 1).

Twelve cancrinite-group minerals having alumino-
silicate frameworks with the 4B stacking sequence,
including the new mineral species betzite described in
this paper, are known. Nine of them have a shortened a
parameter (dc,, = 12.4-13.1 A), while three others,
namely pitiglianoite, microsommite, and quadrida-
vyne, are characterized with their a values being
multiples of this (¢ = 2ac,, for quadridavyne and a =
Qean-3"? for microsommite and pitiglianoite). Changes
in a are a function of different ways in which
nonequivalent channels alternate, this being a result
of ordering of extra-framework components
(Bonaccorsi & Merlino 2005). Betzite, ideally Nag
Cay(AlgSig0,4)Cly, is a dimorph of quadridavyne with a
small cancrinite-type unit cell and equivalent wide
channels.

Betzite is named in honor of the German amateur
mineralogist Volker Betz (b. 1947). Mr. Betz is a well-
known mineral collector, an author of numerous
mineralogical publications, and a specialist in mineral
photography. The new mineral and its name were
approved by the IMA Commission on New Minerals,
Nomenclature and Classification (IMA No. 2021-037).
The type material is deposited in the Fersman
Mineralogical Museum of the Russian Academy of
Sciences, Moscow, Russia, under catalogue number
976717.

OCCURRENCE, GENERAL APPEARANCE,
AND PHysicAL PROPERTIES

Betzite was discovered in calcic xenoliths con-
tained within alkaline basalt of the Bellerberg
paleovolcano, which is situated between Mayen and
Kottenheim in the Laach Lake (Laacher See) area,
Eastern Eifel region, Rhineland-Palatinate (Rheinland-
Pfalz), Germany. The associated minerals are anor-
thite, phlogopite, diopside, grossular, fluorite, calcite,
an insufficiently studied calcium hydrosilicate related
to tobermorite, and accessory vanadoallanite-(Ce).

Betzite is considered to be a product of contact
metamorphism (metasomatism) related to incorpora-
tion of a calcic xenolith in an alkaline basalt. It occurs
as colorless hexagonal prismatic crystals up to 2 mm
long and up to 0.5 mm thick (Fig. 2). Hexagonal
prisms {1010} and {1120} are the major crystal forms,
and numerous unspecified subordinate forms, mainly
{h0lm}, are observed on terminations. Microtwinning
by merohedry Class I (Nespolo & Ferraris 2000) with
an inversion center as a twinning operator was
revealed during crystal-structure refinement.

Betzite is brittle, with a Mohs’ hardness of 5%.
Distinct cleavage on {1010} and distinct parting on
{0001} are observed under the microscope on
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FiG. 1. The two-layer CAN-type framework composed of alternating SiO,4 (turquoise) and AlO, (orange) tetrahedra. The unit

cell is outlined.

fragments with crystal forms. The density measured by
flotation in heavy liquids (mixtures of bromoform and
heptane) is 2.38(2) g/cm’>. The density calculated using
the empirical formula and unit-cell volume refined
from powder XRD data is 2.363 g/cm’. The unit-cell
volume determined from single-crystal XRD data was
not used because single-crystal XRD data were
obtained at a low temperature of 100 K.

Fluorescence was studied using an UV lamp
VERSALUME (RAYTECH). Betzite is non-fluores-
cent under short-wave (with A = 245 nm) and long-
wave (with A =330 nm) UV radiation.

Optical properties were investigated using a
suspension prepared from a powdered betzite sample
and immersion liquids. The new mineral is optically
uniaxial (+) with © = 1.528(2) and & = 1.545(3) (A =
589 nm). Under the microscope and plane polarized
light betzite is nonpleochroic and colorless.

INFRARED SPECTROSCOPY

The IR absorption spectrum of betzite was obtained
using mineral powder that was mixed with anhydrous
KBr, pelletized, and then analyzed using an ALPHA
FTIR spectrometer (Bruker Optics) which has a
resolution of 4 cm™'. A total of 16 scans were

collected over the range 360-3800 cm™'. The IR

spectrum of an analogous (in weight and shape) pellet
of pure KBr was used as a reference.

The IR spectra of betzite and the related mineral
davyne, (Na,K)sCay(AlgSigO24)Clr(SOy4) (used for
comparison), are given in Figure 3. The assignment
of absorption bands in the IR spectrum of betzite is as
follows (relative maximum absorbance units are given
in parentheses):

e 3423 cm' — O-H stretching vibrations of H,O
molecules occurring in the channel (6%).

e 1621 cm ' — bending vibrations of H,O molecules
(4%).
e 1111 em™' — asymmetric stretching mode of SO4*~

[the degenerate F»(v3) mode] overlapping with a
band of stretching vibrations of the framework
(50%).

e 1009 cm™' — stretching vibrations of the alumino-
silicate framework, possibly overlapping with a
weak band of symmetric stretching band of SO4>~
[the nondegenerate A;(v;) mode] (100%).

* 550-670 cmi”' — mixed vibrations of the alumino-
silicate framework. The weak band of bending
vibrations of SO, [the degenerate F»(v4) mode]
could not be observed owing to overlap with the
band at 612 cm ™' (11-22%).

o Below 470, 438, and 426 cm ! — lattice modes
involving bending vibrations of the aluminosilicate
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FiG. 2. Betzite crystals (colorless, prismatic) in association with anorthite (white) and diopside (dark green to black). FOV

widths: (a) 1.4 mm and (b) 0.9 mm.

framework and libration vibrations of SO,*~ and
H,O (28, 67, and 64%, respectively).

The band assignments were made following those
provided in previous contributions related to cancri-
nite-group minerals (Chukanov et al. 2011a, 2021)

In the IR spectrum of davyne, as compared to
betzite, the peak at 1111 cm ™ is better resolved and an
additional band arising from (SO4)*" is observed at
1161 cm™". The intensities of weak bands in the range
710740 cmi" in the IR spectra of minerals belonging
to the betzite—davyne solid-solution series show a
positive correlation with the content of sulfate groups
(i.e., the intensities increase as does sulfate content).
These bands are tentatively assigned to modes
involving SO4>~ libration (below 300 cm™') and
bending vibrations of the aluminosilicate framework
(at 425 and 438 cm™ ).

The absolute values of the absorption coefficients
could not be calculated owing to the small amount of
material used in obtaining the IR spectrum (~1 mg).
However, in the IR spectrum of betzite, the ratio of the

integrated peak intensity in the range 3000-3800 cm ™"
compared to that of the band in the range 610612
cm™' (which was used as an internal standard) is about
nine times greater than for davyne. This fact confirms
the presence of significant amounts of H,O in betzite
measured by a direct method (see below).

Absorption bands corresponding to (COs)*~ and
CO, molecules are absent in the IR spectrum of
betzite, suggesting neither is present.

CHEMICAL DATA

The chemical composition of betzite was deter-
mined using a Tescan VEGA-II XMU scanning
electron microscope equipped with the energy disper-
sive spectrometer INCA Energy 450 (20 kV, 65-110
pA, 120 nm beam diameter).

The migration of alkalis under the electron beam
during electron probe microanalyses (EPMA) of
glasses and aluminosilicates has been well document-
ed (Usher 1981, Natarajan 2000, Morgan & London
2005, Campbell er al. 2016). To investigate the
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FiG. 3. Powder infrared absorption spectra of (a) betzite and (b) davyne (a sample close to endmember davyne with the
empirical formula Nas 4Ca; 0K g(Sig.1Als.9024)Cly 0(SO4)1.1(OH,H>0). .1 and crystal chemical formula [Ca,Cl,][Nas ,Kg g
(S04)1.0][SigAlgO24]: Rozenberg et al. 2009) from the Sar-e Sang gem lazurite deposit, Afghanistan.

possibility of Na migration during EPMA analysis,
measurements were made with a defocused beam over
areas of both 5 X 5 pm? and 20 X 20 pm?. These
produced similar data (11.71 and 11.88 wt.%,
respectively), suggesting no significant Na migration
had occurred.

The H,O content was determined by means of the
modified Penfield method. CO, was not measured
because, according to IR spectroscopic and structural
data, carbonate groups and CO, molecules are not
present in detectable amounts in betzite.

Five spot analyses were carried out on one grain, a
portion of which was used for the single-crystal
structure investigation. Analytical data are given in
Table 2. No other elements with Z > 8 were found
above detection limits.

The empirical formula, based on 12 framework
cations (i.e., 12 T = Si+AlH-Fe apfu, Z=1), is Nag,,
Ki.13Cas.11Mg.06(Sis.01Als 9oF e3+0A09024)C13,25(504)026
(H1340064).- This approach, rather than using one
based on a fixed number of anions, facilitates
evaluation of potential vacancies at the 7 sites. Taking
into account structure data, the simplified formula can
be written as (Na,K,[)sCa,(AlsSisO24)(C1,SO4,H,0),.
The idealized formula is NagCa,(AlgSigO24)Cly.

The Gladstone-Dale compatibility index, 1 — (Kp/
K.) (Mandarino 1981), is —0.035 (rated as excellent)
using the density calculated using the crystal-chemical

formula and unit-cell parameters refined from the
powder X-ray diffraction data or —0.016 (rated as
superior) using measured density.

X-RAY DIFFRACTION DATA AND CRYSTAL STRUCTURE

Powder X-ray diffraction (XRD) data were col-
lected using a Rigaku R-AXIS Rapid II diffractometer
(image plate), CoKa, 40 kV, 15 mA, rotating anode
with the microfocus optics, Debye-Scherrer geometry,
d = 127.4 mm, exposure 15 min. The raw powder
XRD data were collected using the program suite
designed by Britvin et al. (2017). Calculated intensi-
ties were obtained by means of STOE WinXPOW v.
2.08 program suite based on the atomic coordinates
and unit-cell parameters from the refined crystal
structure’.

Powder XRD data for betzite are given in Table 3.
The indexed powder diffraction pattern gave the
refined unit-cell parameters a = 12.876(2) A ¢ =
5361(2) A, V'=769.7(4) A>.

Preliminary single-crystal X-ray diffraction studies
were carried out at room temperature with an Xcalibur

! Supplementary Data are available from the Depository of
Unpublished Data on the MAC website (http://
mineralogicalassociation.ca/), document “Betzite, CM61,
22-00039”.
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TABLE 1. STRUCTURAL DATA, DATA COLLECTION INFORMATION, AND
STRUCTURE REFINEMENT DETAILS FOR BETZITE

Formula
Formula weight 1084.90
Temperature, K 100(2)

Radiation and wavelength, A
Crystal system, space group, Z
Unit-cell dimensions, A

Nay, 50K 14Ca5.12(SieAle024)Cls 26(SO4)0.21-0.54N,0

MoKuw; 0.71073
Hexagonal, P63, 1
a = 12.8166(9)

¢ = 5.3562(3)
v, A3 761.95(12)
Absorption coefficient p, mm~" 1.417
Fooo 534
Crystal size, mm? 0.15 X 0.19 x 0.22
Diffractometer Xcalibur Eos CCD
Absorption correction Multi-scan
0 range for data collection, ° 4.225-28.281

Index ranges
Reflections collected
Independent reflections
Independent reflections
with | > 2c(/)
Refinement method
Number of refined parameters
Final R indices [/ > 2o(/)]
R indices (all data)
GoF
Largest diff. peak and hole, e/A®

2419

1007

110

1.075

-183<h<17, -14 < k<14, -4 <I1<7

1132 (R = 0.0296)

Full-matrix least-squares on F?

Ry = 0.0407, wR, = 0.0703
R, = 0.0464, WR, = 0.0732

0.47 and —0.65

Oxford Diffraction diffractometer equipped with a
CCD detector using the o scanning mode. These data
are published elsewhere (Chukanov er al. 2011b).
Final single-crystal X-ray diffraction studies were
carried out at 100 K, details of which are provided in
Table 1. The crystal structure of betzite was solved by
direct methods and refined using programs in the
SHELX package (Sheldrick 2008, 2015).

The crystal structure of betzite (Fig. 4, Tables 4 and
5) is based on the CAN-type framework (Fig. 1)
constructed of SiO4 and AlO, tetrahedra arranged in a
simple 4B stacking sequence of six-membered rings of
tetrahedra along the ¢ axis. The Si and Al atoms are
ordered over the two tetrahedral sites within the
framework, based on average cation—anion distances
in the tetrahedra (Si—O = 1.620 A, AI-O = 1.729 A).

TABLE 2. CHEMICAL COMPOSITION OF BETZITE

Constituent wt.% Range SD Probe Standard
Na,O 11.88 11.16-12.27 0.40 Albite

K20 4.82 4.30-6.10 0.71 Sanidine
CaOo 10.74 10.39-11.05 0.22 Wollastonite
MgO 0.21 0.11-0.31 0.08 MgO syn.
Al,Og 27.32 26.29-27.96 0.48 Al,O3 syn.
Fe>O3 0.68 0.42-0.82 0.15 Fe

SiO, 32.84 32.31-33.62 0.29 SiO,

SO; 1.89 1.63-2.22 0.22 FeS,

Cl 10.48 10.15-10.80 0.24 NaCl

H.O 1.10

—-0=Cl —2.37

Total 99.59
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Iobs dobs lcalc* dcalc** hkl Iobs dobs Icalc* dcalc** hkl
31 11.14 63 11.100 100 13 1.933 19 1.927 402
14 6.43 16 6.408 110 4 1.876 5 1.868 511
93 4.833 90 4.824 101 2 1.856 2 1.850 600
7 4.213 3 4.195 210 3 1.833 3 1.825 340
2 4.126 1 4.110 111 18 1.802 26 1.796 142
95 3.715 89 3.670 300 3 1.786 3 1.777 250
100 3.313 100 3.303 211 3 1.766 4 1.763 103
3 3.218 2 3.204 220 8 1.735 11 1.727 431
13 3.092 12 3.078 310 1 1.695 1 1.700 203
5 3.054 4 3.044 301 1 1.675 3 1.670 332
37 2.787 38 2.775 400 6 1.646 2 1.651 242
56 2.681 47 2.678 002 9 1.643 123
25 2.669 131 8 1.610 4 1.614 611
8 2.607 10 2.603 102 12 1.602 440
35 2.474 4 2.471 112 2 1.593 2 1.586 700
37 2.464 401 2 1.548 4 1.544 133
3 2.433 6 2.422 140 6 1.527 3 1.522 602
2 2.308 4 2.300 321 7 1.520 531
1 2.216 1 2.220 500 5 1.505 2 1.508 342
1 2.207 411 10 1.501 403
4 2.175 6 2.169 302 2 1.477 1 1.479 621
24 2.146 30 2.136 330 5 1.470 170
3 2.107 2 2.098 420 1 1.394 3 1.387 800
11 2.061 12 2.055 222 11 1.380 22 1.375 442
5 2.026 5 2.021 132 8 1.349 16 1.343 801
2 1.962 2 1.953 421

The strongest diagnostic reflections are highlighted in bold type.
* For the calculated pattern, only reflections with intensities >1 are given.
** For the unit-cell parameters calculated from single-crystal data.

TABLE 4. FRACTIONAL COORDINATES, DISPLACEMENT PARAMETERS OF ATOMS (U IN A2), AND SITE

OCCUPANCY FACTORS (s.o.f.) IN THE STRUCTURE OF BETZITE

Site X y z Usq/Usso® s.o.f.
Al 0.07347(12) 0.41174(12) 0.7606(3) 0.0065(3) Al4 00

Si 0.33174(11) 0.41287(12) 0.7602(3) 0.0077(3) Sit .00

o1 0.2110(3) 0.4211(3) 0.7152(6) 0.0138(8) O1.00

02 0.1136(3) 0.5617(3) 0.7487(8) 0.0149(7) O1.00

03 0.0109(4) 0.3408(4) 0.0416(5) 0.0149(9) O1.00

04 0.3244(4) 0.3486(4) 0.0250(5) 0.0143(9) O1.00

CAN cage

Ca 2/3 1/3 0.2167(3) 0.0096(4) Caj 00

Cl 0.322(6) 0.6366(17) 0.2210(7) 0.028(3) Clo.as

Wide channel

Na2 0.1737(12) 0.3477(11) 0.282(3) 0.023(3) Nag 34

K 0.1091(7) 0.2248(8) 0.2880(17) 0.0301(17) Ko.19Nao 05(H20)0.00
S 0.0 0.0 0.302(9) 0.077(12)* So.105

oS 0.0 0.0 0.563(9) 0.077(12)* Oo.105

0OS1 0.893(5) 0.889(4) 0.234(19) 0.10(2)* Oo.105

ci 0.078(3) 0.130(3) 0.312(6) 0.102(9)* Clo.13

Cl2 0.916(6) 1.038(7) 0.005(11) 0.14(2)* Clo.os
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(on

FiG. 4. The crystal structure of betzite: (a) general view (the unit cell is outlined), (b) the column of cancrinite cages hosting
alternating Ca*" and CI ions (the Al and Si atoms are shown with small orange and blue balls), and (c) the arrangement of
the extra-framework components in the wide channel.

Downloaded from http://pubs.geoscienceworld.org/cjmp/article-pdf/61/1/177/5809375/i2817-1713-61-1-177.pdf
bv lniversity of Cambridae user



BETZITE, A NEW CANCRINITE-GROUP MINERAL

185

TABLE 5. SELECTED INTERATOMIC DISTANCES (A) IN BETZITE

Ca - 02 2.446(4) X 3
-cl 2.676(4)
—cl 2.722(4)
- 01 2.725(3) X 3
Al - 01 1.723(4)
-02 1.724(4)
-03 1.734(4)
- 04 1.735(4)
Si -02 1.616(4)
- 04 1.619(3)
- 01 1.621(4)
-03 1.625(4)
S -0S 1.401(14)
- 0s1 1.447(14) X 3
Na1 - 0s1 2.20(7)
-03 2.440(16)
- 04 2.506(15)
-04 2.674(15)
- 01 2.688(16)
-03 2.710(15)
-Cl2 2.98(8)
- 0s1 3.22(8)

Na2 - 04 2.367(17)
-03 2.415(18)
-ci 2.43(3)

- 01 2.460(18)
-03 2.657(18)
- 04 2.731(17)
- 0S1 2.78(7)
-clI2 2.79(7)
- 01 3.142(19)

K -cl2 2.42(8)
-03 2.721(9)
-0s 2.77(2)
-04 2.782(9)
- 0S1 2.79(9)

- 081 2.86(8)
-cl2 2.87(7)
-04 2.887(9)
-0s 2.90(3)
-03 2.912(10)
- 01 3.160(10)
-ci 3.22(3)

- 0S1 3.30(10)
-CiH 3.33(4)

Note: All possible Na—(O/Cl) and K—(O/Cl) contacts are listed.

Narrow channels (columns of cancrinite cages) host
alternating Ca and CI™ ions, giving rise to alternating
...Ca---Cl---Ca---Cl. .. chains along [001], with Ca at
the bases of the cancrinite cages and Cl (disordered at
a split site) at the centers of cancrinite cages, which are
located along the three-fold axis (Fig. 4b). These
channels host SO4>~ groups, CI~ anions, and three split
sites statistically occupied by Na, K, and Ca (these
statistically divided over three split sites) and water
molecules (Table 4 and Fig. 4c).

DiscussioN

The unit-cell parameters of most minerals with P65
symmetry and the CAN-type framework, vary in the
ranges of a = 12.4-13.1 A, c=5054A. However,
specific features, related to the ordering of extra-
framework components, may result in superstructures
with unit cells based on multiples of a, and thus
expanded unit-cell volumes. In particular, the unit-cell
parameters of microsommite (Bonaccorsi et al. 2001)
and pitiglianoite (Merlino et al. 1991), which possess
superstructures based on the cancrinite crystal struc-
ture with simple A4B-type stacking, are ap, =
Aean-28In(60°), Cmic = Cean, Whereas in quadridavyne

(Bonaccorsi et al. 1994) they are aqua = 2dcan, Cmic =
ccan~

The dimorphous pairs, davyne and microsommite,
(Na,K)Cay(SigAlgO24)Cl5(SOy), as well as vishnevite
and pitiglianoite, [(Na,K)g(SigAlsO024)(SO4)-2H,0, are
each differentiated on the basis of their respective
ordering schemes of the extra-framework components
they contain. Within this context, betzite and quad-
ridavyne, both ideally NagCay(AlgSigO24)Cly, consti-
tute another dimorphous pair having the CAN-type
framework. The two minerals differ based on the
nature of the channels they contain: in betzite there is
only one unique channel (Fig. 4a), while in quad-
ridavyne, there are two such channels, these being
arranged in a regular, alternating manner (Fig. 5).
Comparative data for betzite and other Cl-bearing
cancrinite-group minerals having the CAN-type
framework (with the AB stacking sequence) are given
in Table 6. Among these minerals, betzite is
characterized by the largest € refractive index and
the highest birefringence.
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