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Postmagmatic parageneses of the Eifel volcanic
field (Germany) are characterized by a wide variety of

minerals [1]. Günterblassite1 is a new mineral discov�
ered in a late association formed in the cavities of the
alkaline basalt of the Rother Kopf mountain. The
chemical composition was determined by electron

microprobe analysis. The content of H2O was quanti�
fied by chromatographic analysis of gaseous products
of calcination. The IR spectrum of the mineral shows
the absence of borate, carbonate, nitrate, and ammo�
nium groups. The empirical formula calculated for 13
atoms (Si, Al) is

+

⋅

2
14 1 23 3 71 16 48 8 83 3 6 24 17 4 83 2Na K Ba Ca Mg Fe Si Al O OH 7H O0. . 0. 0 0. 0. 0. . .0 . .[ ( ) ]

(the hydrogen distribution between OH and Н2О was
performed with allowance for the neutral formula).

Experimental X�ray diffraction data were collected
in a full sphere of reciprocal space (sinθ/λ < 0.45 Å–1)
from a block single crystal on an Oxford Diffraction
Xcalibur diffractometer with a CCD detector. The
crystal data and experimental details are summarized
in Table 1. All calculations were performed with the
AREN program package [2]. The structure of the cat�
ionic fragment was solved by direct methods, and the
full model was determined by the phase correction
procedure [3]. The structure was refined using 2706

non�averaged structure amplitudes |F| > 2σ(F)
because of the insufficient number of diffraction
reflections. Some positions were refined using mixed
atomic scattering curves.

After applying correction for absorption by the
DIFABS program [4], the residual factor decreased to
R = 4.9% in the anisotropic approximation. The final
atomic coordinates and thermal parameters and site
occupancy factors are presented in Table 2, and the
composition and interatomic distances in the K and
Fe polyhedra are listed in Table 3.

The günterblassite structure (Fig. 1) is based on a
three�layer block consisting of three silicon–oxygen
layers combined by shared vertices of Si tetrahedra.
The outermost layers formulated as [Si4O10] (Fig. 2a)
differ from the middle [Si5O11] layer, which contains
an extra SiO4 tetrahedron (Fig. 2b). The three�layer
block has the [Si13O29]6– composition and is interme�
diate between the framework and layered silicon–oxy�
gen motifs. In the block, there are channels running
along [010] with effective cross�sections 3.1 × 3.8 and
3.8 × 4.8 Å in size and those running along [100],
which are 4.0 × 4.3 and 4.3 × 4.4 Å in size.
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Table 1. Crystal data and experiment and refinement details

Idealized formula (K,Ca,Ba)2(Fe,Ca,Mg,Na)(Si,Al)13O25(OH)4 ⋅ 7H2O

Crystal system, space group, Z Ortorhombic, Pnm21, 2

a, Å 6.538(2)

b, Å 6.975(2)

c, Å 37.26(1)

V, Å3 1698.9(4)

Dx, g/cm3 2.22

Radiation, λ, Å MoK
α
, 0.71073

μ, cm–1 15.91

Crystal size, mm 0.25 × 0.2 × 0.05

Diffractometer Xcalibur Oxford Diffraction, CCD detector

Scan mode ω

θmax, deg 19

h, k, l ranges –5 < h < 6, –6 < k < 6,
–32 < l < 32

Number of reflections:
measured/involved in refinement with |F | > 2σ(F) 4092/2706

Refinement method Least squares on F

Residual factor Raniso 0.049

Software AREN [2], DIFABS [4]

Tetrahedral blocks are combined by isolated Fe
seven�vertex polyhedra with Fe–O distances of 2.38
(×2), 2.47(×2), 2.64, and 2.726(×2) Å. Between them,
there are bulky ten�vertex polyhedra occupied by K

atoms. Another two atoms are located in the channels
inside the tetrahedral blocks. The same channels
accommodate seven water molecules surrounding the
K atoms.

The crystal�chemical formula of günterblassite can be presented as (Z = 2)

[K1.2Ca0.5Ba0.3][Fe0.5Ca0.2Mg0.15Na0.15][(Si10.35Al2.65)O25(OH)4] ⋅ 7H2O. 

The OH groups and water molecules were identi�
fied by local bond valence sum calculations [5] for the
corresponding oxygen positions.

The mineral has features in common with layered
silicates of the mountainite–rhodesite family, for
which the structure is based on corrugated layers with
four� and eight�membered rings of silicon–oxygen
tetrahedra in two orientations (Table 4).

Aqueous silicate K,Na,Ca�mountainite consists of
single layers of [Si8O18(O,OH)2] composition and zig�
zag chains of edge�sharing СаО5(Н2О) octahedra
located in the interlayer space. The K cations are in
ten�vertex polyhedra located between the Ca octahe�
dra. The space between the three�layer blocks is occu�

pied by Na cations and Н2О molecules. The moun�
tainite family includes shlykovite and cryptophyllite,
which resemble mountainite in chemical composition
and some structural features. Major differences
between these minerals are in the shape of octahedral
columns, which are zigzag in mountainite and straight
in the other two minerals. The composition and
arrangement of interlayer cations and water molecules
in these structures are also different.

The mountainite layer can be considered as one
half of the double layer of rhodesite and related miner�
als: macdonaldite, delhayelite, hydrodelhayelite,
monteregianite�(Y), seidite�(Ce), and fivegite. These
minerals, as well as some related synthetic silicates,
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Table 2. Atomic coordinates, site multiplicity (Q) and occupancy (q), and isotropic parameters of atom displacements (Biso)

Atom x/a y/b z/c q Q Biso

K1 0.072(1) 0 0.2279(5) 0.6 2 2.3(2)

K2 0.101(1) 0 0.0469(1) 0.8 2 1.2(2)

K3 0.229(2) 0.5 0.4225(1) 0.6 2 3.2(2)

Fe 0.246(2) 0.5 0.8685(2) 1 2 2.5(2)

Si1 0.384(1) 0 0.8211(1) 1 2 1.6(2)

Si2 0.199(1) 0.218(1) 0.3163(1) 1 4 1.7(2)

Si3 0.013(2) 0 0.7708(3) 1 2 2.6(3)

Si4 0.429(1) 0 0.6388(3) 1 2 1.1(3)

Si5 0.055(1) 0 0.6904(1) 1 2 1.0(3)

Si6 0.207(1) 0.221(1) 0.1400(2) 1 4 2.2(2)

Si7 0.028(1) 0 0.5774(5) 1 2 1.2(3)

Si8 0.047(2) 0 0.4915(3) 1 2 1.2(3)

Si9 0.210(1) 0.233(1) 0.9462(1) 1 4 2.0(2)

Si10 0.437(1) 0 0.4463(2) 1 2 1.2(2)

O1 0.453(2) 0.316(2) 0.142(1) 1 4 1.7(4)

O2 0.240(2) 0 0.6060(4) 1 2 5.4(6)

O3 0.090(3) 0.323(3) 0.1777(5) 1 4 1.9(4)

O4 0.055(2) 0 0.7294(5) 1 2 3.1(6)

O5 0.052(1) 0.310(1) 0.1050(5) 1 4 2.2(4)

O6 0.225(6) 0 0.144(1) 1 2 1.7(5)

O7 0.438(3) 0.311(2) 0.3228(3) 1 4 2.7(4)

O8 0.260(2) 0 0.7830(2) 1 2 1.6(6)

O9 0.128(2) 0.316(2) 0.9838(3) 1 4 3.1(3)

O10 0.098(2) 0.289(1) 0.2823(3) 1 4 1.3(4)

O11 0.071(3) 0 0.5337(4) 1 2 3.8(5)

O12 0.263(3) 0 0.6696(5) 1 2 4.2(6)

O13 0.255(2) 0 0.4762(3) 1 2 1.7(5)

O14 0.181(4) 0 0.3231(6) 1 2 3.0(5)

O15 0.073(3) 0.294(2) –0.0904(3) 1 4 4.3(4)

O16 0.450(2) 0.302(1) –0.0593(3) 1 4 1.7(4)

O17 0.245(3) 0 –0.0466(4) 1 2 1.4(5)

OH1 0.251(1) 0 0.8570(2) 1 2 2.0(6)

OH2 0.058(1) 0.258(1) 0.3550(5) 1 4 3.4(4)

OH3 0.247(2) 0 0.4126(3) 1 2 3.7(5)

W1 0.245(4) 0.5 0.6207(5) 0.8 2 1.6(5)

W2 0.299(5) 0.5 0.798(8) 0.8 2 1.7(5)

W3 0.21(1) 0.5 0.495(1) 0.8 2 1.4(5)

W4 0.351(8) 0.5 0.697(1) 0.6 2 4.2(5)

W5 0.448(1) 0.259(2) 0.0450(1) 0.8 4 2.1(3)

W6 0.446(1) 0.261(1) 0.2281(3) 0.6 4 2.8(3)

W7 0.443(3) 0.198(3) 0.3779(5) 0.6 4 5.7(1)
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constitute the rhodesite mero�plesiotype series. The
structures of the members of this series are composed
of double tetrahedral layers with the ratio Т : O = 16 : 38
resulting from fusion of two single mountainite layers
through shared vertices of tetrahedra.

Comparison of the unit cells of the minerals listed
in Table 4 shows that the а and b parameters, which are
caused by the same layer topology, are close to or mul�
tiple of each other, while the c parameter changes
depending on the thickness of the single, double, or

Table 3. Characteristics of the coordination polyhedra

Position Composition (Z = 2) CN
Cation–anion distance, Å

minimum maximum average

K1 0.35K + 0.25Ca 8 2.86(1) 3.29(4) 2.99
K2 0.5K + 0.3Ba 8 2.81(5) 3.22(1) 3.03
K3 0.35K + 0.25Ca 10 2.68(5) 3.29(2) 3.03
Fe 0.5Fe + 0.2Ca + 0.15Mg + 0.15Na 7 2.38(1) 2.726(8) 2.541

a

c

W
Fe

W

W

K

b

c

W
Fe

W

W K

(b)(a)

Fig. 1. Crystal structure of güunterblassite in projection along (a) [100] and (b) [010].
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triple tetrahedral layer, as well as on the composition of
the interblock space.

The topology of the О fragments of octahedra
between tetrahedral layers in the minerals is also dif�
ferent. As distinct from mountainite, shlykovite, cryp�
tophyllite, and rhodesite, the seidite�(Ce) structure
contains single Ti octahedra. Analogously, the günter�
blassite structure contains isolated seven�vertex poly�
hedra of iron.

Thus, the new mineral has some unique crystal�
chemical features, which distinguish it from the struc�
turally studied minerals of this family. Günterblassite
is the first member of a new structure type: it is a min�
eral with a triple tetrahedral layer. The existence of a
mineral with a three�layer tetrahedral block (in addi�
tion to its one� and two�layer analogues) outlines a
polysomatic series relating layered silicates and alumi�
nosilicates to framework one (zeolites and felds�
pathoids).

a

c

b

a

c

b

(a)

(b)

Fig. 2. (a) [Si4O10] and (b) [Si5O11] layers in the tetrahedral block of the günterblassite structure. 

Table 4. Comparative characteristics of related minerals based on single, double, and triple silicon–oxygen layers

Mineral Formula
Unit cell parameter

Space 
group Reference

a, Å b, Å c, Å β, deg

Mountainite KNa2Ca2[Si8O19(OH)] ⋅ 5H2O 6.58 13.70 13.75 105.75 P2/c [6]

Seidite�(Ce) Na4(Ce,Sr)2{Ti(OH)2 ⋅ 
[Si8O18]}(O,OH,F)4 ⋅ 5H2O

7.23 14.53 21.64 94.6 С2/с [7]

Rhodesite KCa2[Si8O18(OH)] ⋅ 6H2O 6.56 7.05 23.42 Pmam [8]

Macdonaldite BaCa4[Si8O18(OH)]2 ⋅ 10H2O 13.11 14.08 23.56 Cmcm [9]

Hydrodelhayelite KCa2[AlSi7O17(OH)2]2F2Cl 6.65 7.07 23.85 Pn21m [10]

Monteregianite�(Y) KNa2Y[Si8O19] ⋅ 5H2O 9.51 9.62 23.96 93.85 P21/n [11]

Fivegite K4Ca2[AlSi7O17(O2 ⎯ xOHx)] ⋅ 
[(H2O)2 ⎯ xOHx]Cl

6.54 7.04 24.35 Pm21n [12]

Delhayelite K4Na2Ca2[AlSi7O19]2F2Cl 6.58 7.06 24.58 Pmmn [13]

Shlykovite KCa[Si4O9(OH)] ⋅ 3H2O 6.49 7.00 26.71 94.60 P21/c [14]

Cryptophyllite K2Ca[Si4O10] ⋅ 5H2O 6.49 6.99 32.09 94.68 P21/n [14]

Günterblassite (K,Ca,Ba)2(Fe,Ca, Mg,Na) ⋅ 
[(Si,Al)13O25(OH)4] ⋅ 7H2O

6.54 6.98 37.26 Pnm21 This work

Note: For uniformity, the unit cell parameters are given in common axis setting and in order of increasing c parameter. Space groups are given
as in the corresponding original works.



62

DOKLADY CHEMISTRY  Vol. 442  Part 2  2012

RASTSVETAEVA et al.

ACKNOWLEDGMENTS

This work was supported by the Russian Founda�
tion for Basic Research (project nos. 10–05–00092a,
11–05–91331–NNIO_a, and 11�05�12001�ofi�m�
2011) and the Council for Grants of the President of
the Russian Federation for Support of Leading Scien�
tific Schools (project NSh�3848.2010.5).

REFERENCES

1. Hentschel, G., Die Mineralien Der Eifelvulkane, 2nd
ed., Munich: Chr. Weise Verlag, 1987.

2. Andrianov, V.I., Kristallografiya, 1989, vol. 34, no. 3,
pp. 592–597.

3. Andrianov, V.I., Kristallografiya, 1987, vol. 32, no. 1,
pp. 228–231.

4. Walker, N. and Stuart, D., Acta Cristallogr., Sect. A,
1983, vol. 39, no. 2, pp. 158–161.

5. Brese, N.E. and O’Keefe, M., Acta Crystallogr., Sect. B,
1991, vol. 47, pp. 192–197.

6. Zubkova, N.V., Pekov, I.V., Pushcharovsky, D.Yu., and
Chukanov, N.V., Z. Kristallogr., 2009, vol. 224,
pp. 389–396.

7. Ferraris, G., Belluso, E., Gula, A., et al., Can. Mineral.,
2003, vol. 41, pp. 1183–1192.

8. Hesse, K.�F., Liebau, F., and Merlino, S., Z. Kristal�
logr., 1992, vol. 199, pp. 25–48.

9. Cannilo, E., Rossi, G., Ungaretti, L., and
Carobbi, S.G., Atti Accad. Naz. Lincei Mem. Cl. Sci.
Fis., Mat. Natur. Sez, 1968, vol. 45, pp. 399–414.

10. Ragimov, K.G., Chiragov, M.I., Mamedov, K.S., and
Dorfman, M.D., Dokl. Akad. Nauk Az.SSR, 1980,
vol. 36, pp. 49–51.

11. Ghose, S., Sen Gupta, P.K., and Campana, C.F., Am.
Mineral., 1987, vol. 72, no. 3/4, pp. 365–374.

12. Pekov, I.V., Zubkova, N.V., Chukanov, N.V., et al., Zap.
Ross. Mineral. O–va, 2010, vol. 139, no. 4, pp. 47–63.

13. Pekov, I.V., Zubkova, N.V., Chukanov, N.V., et al.,
Dokl. Earth Sci., 2009, vol. 428, no. 7, pp. 1216–1221.

14. Pekov, I.V., Zubkova, N.V., Filinchuk, Ya.E., et al., Zap.
Ross. Mineral. O–va, 2010, vol. 139, no. 1, pp. 37–50.


