
Zeitschrift fiir Kristallographie 150, 53-63 (1979)
I!;) by Akademische Verlagsgesellschaft, Wiesbaden 1979

The crystal structure
of chantalite, CaAI2(OH)4SiO 4*

B. W. Liebich, H. Sarp**, and E. Parthe

Laboratoire de Cristallographie aux Rayons X, Geneve, Universite de Geneve, 24 quai Ernest
Ansermet, CH.1211 Geneve 4 and

**
Departement de Mineralogie du Musee d'Histoire

Naturelle, 1 Route de Malagnou, CH-1211 Geneve 6, Switzerland

Received: November 27, 1978

Abstract. Chantalite, CaAI2(OH)4Si04 is tetragonal: /4da, a = 4.952(1),
c = 23.275(6) A, Z = 4, Dx = 2.97 gjcm3, Dm = 2.9 gjcm3, j.l(MoKoc)

= 15.9cm-1. A structure proposal was obtained by crystal 'chemical
reasoning. From counter diffractometer data the structure was refined
anisotropically to a final R value of 0.048 for 357 contributing reflec-
tions. Chantalite can be described by the crystal chemical formula
Ca[8]AI[6]2(OH)4Si[4J04'It is characterized by AI02(OH)4 octahedra sharing
edges to form chains linked by isolated Si04 tetrahedra and Ca04(OH)4
polyhedra. Application of the Donnay-Allmann empirical method of recog-
nizing 02 -, (OH) -, and H20 in crystal structures verified the presence of
four hydroxyl groups per formula unit.

Chantalite is structurally related to isoelectronic retzian
YMn2(OH)4As04 in which the same type of coordination polyhedra are
found but with a different type of stacking.

Introduction

Chantalite, CaAI2(OH)4Si04 is a new silicate mineral found in rodingitic
dykes from an ophiolitic zone in the Taurus Mountains, southwest Turkey.
Itsmineralogical data have been reported elsewhere [1]. This paper reports its
crystal structure with particular emphasis on verifying the role of hydrogen as
part of hydroxyl groups in the structure.

Experimental

Single crystals were isolated from crushed rock samples containing mostly
prehnite and vuagnatite. Reciprocal-lattice explorer and Weissenberg films

* Dedicated to Prof. W. Nowacki on occasion of his 70th birthday
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indicated a tetragonal unit cell with a = 4.952(1) and c = 23.275(6) A (refined
from 2 ()values of several high angle reflections using the PARAM program
[2]). Laue symmetry and systematic absences of the type h + k + 1+-2 n for
hkl, h +- 2 n for hkO and I+-4 n for 001 lead uniquely to space group 141/a.

Intensities of a plate like crystal (0.1 x 0.1 x 0.02 mm) were measuredon a
Philips PW 1100 computer-controlled four-circle diffractometer using
graphite-monochromatized MoKa: radiation in the ()

- 2 ()scan mode. A total
of 437 non-equivalent reflections was measured out to sin ()/;.,= 0.96 A -1 of
which 241 had lobs greater than 2 a. In view of the small J.lR value, an
absorption correction was considered unnecessary.

It was possible to formulate structure proposals by crystal chemical
reasoning based on the following considerations: a) the Si - 0, AI- 0, and
Ca - 0 distances in chantalite should be similar to those found in vuagnatite,
CaAl(OH)Si04 [3]; b) the overall chemical formula suggests that chantalite
should be a nesosilicate with'isolated Si04 tetrahedra; c) further and in
analogy to vuagnatite, the presence of AI06 octahedra and CaOg polyhedra
could be assumed. Given the unusual cell dimensions and the high symmetry,
only two models for the atomic arrangement in the structure are possible of
which one was found to be in acceptable agreement with the observed powder
diffraction intensities. The Ca, AI, Si, and 0 atom positions of the acceptable
model were used as starting values for a full-matrix refinement of the single
crystal data using programs of the X-ray system [2]. The scattering factors of
Ca, AI, Si, 0 [4], and H [5] were used in the refinements. Anomalous
dispersion corrections for Ca, AI, and Si [6] were also applied. The system of
weights used was w = l/a~ .obs

The positions of Ca, AI, Si, and 0 were first refined with isotropic and
later with anisotropic temperature factors. A difference Fourier map showed
a peak position with features characteristic of a hydrogen atom. This hydro-
gen, bound to 0(2), is located as in vuagnatite [3]on oxygens belonging to the
edges shared by AI06 octahedra.

Attempts at refining the hydrogen position with a fixed isotropic
temperature factor produced a small shift in the observed 0(2) - H distance
from 1.05 to 0.75A. For this reason, in the final stage of refinement, the
hydrogen was kept fixed in the position observed with an isotropic
temperature factor 1.

The final R(= L'1L1Fl/L'lFoDwas 0.048 for 357 reflexions with I? 2(J/
(including those reflexions calculating greater than this less - than
threshhold). Atomic positional and thermal parameters are given in Table 1.
Interatomic distances and angles calculated using the program BONDLA
(X-Ray 1976) [2] are given in Tables 2 and 3.

1 Lists of structure factors obtained during the final refinement have been given to the editor.



Atom x y Z Vll V22 V33 VI2 VI3 V23

Ca (4b) 0 0.25 0.625 10(1) Vll 8(1) 0 0 0
Al (8e) 0 0.25 0.4653(1) 10(1) 6(1 ) 8(1) 1(1) 0 0
Si (4a) 0 0.25 0.125 6(1) Vll 10(2) 0 0 0
0(1)(161) 0.1310(6) 0.4967(6) 0.1631(1) 7(2) 10(2) 11(2) -1 (1) 0(1) 5(1)
0(2)(161) 0.1891(6) 0.9219(6) 0.4703(1 ) 11(2) 7(2) 5(2) 1(1) 0(1) 1(1)
H (161) 0.390 0.970 0.460 15

B. W. Liebich et al.: The crystal structure of chantalite 55

Table I. Atomic positional and thermal parameters for Chantalite. Space group 141fa with
symmetry center at the origin. Anisotropic temperature factor expressed as
T = exp ( - 2 n2 f f Viflia) where al = ha*, a2 = kb*, etc., Vij is xl 03. Isotropic temperature

factor expressed as T = exp ( - 2 n2 V S2), where s =
Ijdhkl, V is X 103 E.s.d.'s in parentheses

refer to last significant figures

Table 2. Chantalite. Interatomic distances (A) within the polyhedra and data for the hydrogen
bond. For the notation of the atoms see Fig.2

Si-O(l) [4x]

AI-O(l) [2x]
AI-0(2) [2 x]
AI-0(2i) [2 x]

1.642(3)

1.864(3)
1.960(3)
1.879(3)

Ca-0(1)[4 x]
Ca-0(2)[4x]

H - 0(2)
H - 0(1)

0(1)-0(2)
~0(2)-H... 0(1)

2.386(3)
2.554(3)

1.05
2.20

3.218(4)
161"

Discussion

As seen in Fig. 1 the chantaIite structure is built up ofCaOs, AI06, and Si04
polyhedra. The crystal chemical formula of chantalite is therefore
Ca[8JAI[6]2(OH)4Si[4]04'Each AI06 octahedron shares edges with
twoneighboring AI06 octahedra to form zig-zag chains perpendicular to the
caxis. Due to the presence of the 41 axis, there are four chains in one unit cell,
one on top of the other, each being perpendicular to the next. The z coordi-
nates for the Al atoms in the octahedron chains are approximately 0, t, t,
and l The zig-zag chains are linked by isolated Si04 tetrahedra and
CaOs polyhedra which have their centers at z = i, i, i, and l Between
parallel AI06 zig-zag chains there are channels in which the hydrogen bonds
0(2) - H . . . O( 1) are located. Figure 2 shows the individual polyhedra and
illustrates the atom notation used. The interatomic distances and angles
are listed in Tables 2 and 3.

The chemical formula of chantalite, first suggested by electron micro-
probe analysis and later confirmed by the crystal structure determination,
indicates a normal valence compound with four OH groups per formula unit.
Independent evidence for the presence of these OH groups was given by the



Table 3. Polyhedral edge lengths (A) and angles e) in chantalite. For the notation of the atoms
see Figure 2

Distances Angles Edges
(A) e) shared

with

O(l)-Si-O(l) } 2.766(4) 114.7(1)
0(1') - Si - 0(1')
0(1 )-Si-0(li)[4x] 2.639(4) 106.9(1)

ave. 2.681 ave. 109.5

0(2) -Al-0(2i) } 2.452(4) 79.4(1) AI06
0(2 )* - AI- 0(2i)*

0(2 )* - AI- 0(2i) } 2.835(4) 95.2(1)
0(2) - AI- 0(2')*

0(1) -AI-0(2) } 2.744(4) 94.3(1) CaOs
0(1 )*-AI-0(2)*

0(1 )*-AI-0(2) } 2.655(4) 90.3(1)
0(1) -AI-0(2)*

0(1) -AI-0(2i) } 2.740(4) 91.5(1)
O( 1 )* - AI- 0(2i)*

0(2i) -AI-0(2i)* 2.531(4) 80.4(1) CaOs

0(1) -AI-O(l)* 2.766(4) 98.5(2)

ave. 2.679 ave. 90.0

0(2) -Ca-0(2)*} 2.531 (4) 59.9(1) AI060(2i) -Ca-0(2i)*

0(1) -C,-0(2)

1

0(1 )*-Ca-0(2)*
2.744(4) 67.4(1) AI060(1~) -Ca-0(2i)*

0(1')* -Ca-0(2')

0(1) -C,-O(1')

1

0(1) -Ca-O(li)*
3.600(4) 97.9(1)

0(1)* -Ca-O(li)
0(1 )*-Ca-O(li)* .

0(1) -Ca-0(2

)'10(1 )*- Ca-0(2)
3.008(4) 74.9(1)

0(1~) -Ca-0(2i)*
0(1')* -Ca-0(2')

0(1) -Ca-0(2')

I

0(1)*- Ca-0(2i)* 3.255(4) 82.3(1)
0(1') -Ca-0(2)
O(li)* -Ca-0(2)*

ave. 3.083 ave. 78.3
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CHANTALITE RETZIAN

1tg.1. The structure of chantalite as compared with the structure ofisoelectronic retzian built up
of polyhedra of the same kind

valencesummation procedure proposed by Donnay and AHmann [7]. The
resultsof this procedure, shown in Table 4, indicate that the hydrogen atom is
closerto 0(2) than to 0(1) and that the hydrogen bond extends to 0(1) with
values I"vcationfor 02 - and (OH)l- of 1.89 and 1.11 respectively. This result
forchantalite is in agreement with those for other hydroxo-aluminosilicates
where the -OH group is always bound to AI.
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(b)

(d)

Fig. 2a-d. Schematic representation of the a Si tetrahedron b Al octahedron, c Ca polyhedron

and d hydrogen bond present in chantalite

The numerical data for the hydrogen bond are given in Table 2. Oxygen in
these type of compounds prefers a tetrahedral environment. Considering the
H atom as forming part of a coordination polyhedra, one may describe the
coordination of 0(2) as tetrahedral (2 AI, 1 Ca, and 1 H). 0(1) in general is
also surrounded by a tetrahedron (Ca, AI, Si and H), but this is strongly
elongated in the direction of the H atom (dO(1)..H= 2.20 A) and should be
better described as a trigonal pyramid. The O( 1) atoms shift toward the plane
formed by Ca, AI, and Si (average value for M-O-M angle is 118.3°).

The high symmetry of the crystal structure of chantalite is partly reflected
in the symmetry of the Si04, AI06, and CaOs polyhedra shown in Figs2
and 3. The Si04 tetrahedra are characterized by "4 point symmetry and have
accordingly equal Si-O(1) distances and only 2 types of O(l)-Si-O(l)
angles (Tables 1 and 2).

The AI06 octahedra are centered on the 2-fold axis along c giving three
pairs of different AI- 0 distances. Further as shown in Table 3 the 12 edges
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Fig.3. Projection along the c axis of chantalite. Only atoms with 0.47 $; Z $; 0.78 are shown.
Heavy lines indicate oxygen-metal bonds where Zo > ZM and thin lines where Zo < ZM

of the octahedron can be divided into 5 pairs and two additional edges with
distinct values.

The CaOs bisdisphenoidal dodecahedron formed by 0(1) and 0(2), has
also4 symmetry. The eight Ca - 0 distances can be divided into 2 groups of
equal distances (Figs. 2 and 3).

From the crystal chemical point of view chantalite CaAI2(OH)4Si04 may
be compared with vuagnatite CaAI(OH)Si04. Both are normal valence
compounds with structures which in principle could be formed as well with
compounds having other tetrahedral anion complexes. The formulae of
possible isoelectronic2 sulphates and phosphates (or arsenates) are listed in
Table 5. Those for which compounds are actually known have been framed.
The crystal structures of these compounds can be classified according to the
kinds of cation-oxygen coordination. In the ideal case where there are no
deformations one should expect tetrahedra with 4 coordination, trigonal
bipyramids with 5 coordination, octahedra with 6 coordination, and square
antiprisms with 8 coordination. The kind of polyhedra formed depends on

2 Here isoelectronic compounds are defined as those having the same number of valence
electrons. Cu atoms in octahedral surroundings always provide two valence electrons. In the case
of transition elements the number of valence electrons is determined from the formal cation
charges according to Table 5.
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MiOH)X04 M3(OH)4X04

Silicate I
MIIMIII(OH)Si041

I
MIIM~I(OH)4Si041

Phosphate
I

M1MIII(OH)P04\ MIM~I(OH)4P04

or Arsenate
I

M~(OH)P04 I I

M~MIII(OH)4As041

Sulfate MIMII(OH)S04
I

M~(OH)4S04
I

MIMIIMIII(OH)4S04
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TableS. Formulae of isoelectronic normal valence compounds of the type M2(OH)X04 and
M3(OH)4X04' Formulae for which compounds are known have been framed. The roman
numerals correspond to the formal charges of the cations

the cation-oxygen radius ratio according to Pauling's first rule [8]. The known
structure types for MiX04)(OH) and MiX04)(OH)4 compounds together
with isotypic compounds are given in Table 6. The structure types are
arranged according to the cation coordinations. The polyhedra are nearly
always distorted, in particular, polyhedra with high coordination. For the
M2(X04)(OH) compounds eight structure types are known, one or two
possibilities for nearly every choice of cation coordination. With the
M3(X04)(OH)4 compounds only five structure types are known. Still missing
is a structure type containing only 6- and 4-coordinated cations which could,
for example, occur with (hypothetical) BeAI2Si04(OH)4'

For M3(OH)4X04 compounds with cations in 8 and 6 coordination there
are two entries: chantalite and retzian YMn2(OH)4As04' From Fig. 1 it can
be seen that both structures may be considered as stacking variations of a
particular kind. One may consider the chantalite structure as consisting of
four identical segments which are stacked, one on top of the other along the
c axis according to the symmetry requirements of the 41 symmetry axis. Each
segment consists of AI06 zig-zag chains linked to Si04 and CaOs polyhedra.
In retzian there are only two such segments of the same construction along
the b axis; however, the upper one is a mirror image of the lower one.

One may also compare chantalite with the structure of prosopite
CaAI2(OH)4F 4 [25] where the Si04 tetrahedron is replaced by four F-. The
structure of prosopite differs from chantalite in that there are now not only
AI06 zig-zag chains (linked in a different way) but also chains of CaOs
polyhedra.

We wish to thank Prof. K. Yvon and Dr. M. G. Vincent for valuable discussions and Mrs. K.
Cenzual for building a model of chantalite.
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