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INTRODUCTION

Within recent few years, titanosilicates and other octahedral-
tetrahedral framework materials have attracted considerable 
attention due to their applications in catalysis, gas separation, 
energy storage, optoelectronics, radioactive waste management, 
etc. (Behrens et al. 1998; Lamberti 1999; Rocha and Anderson 
2000; Zecchina et al. 2001). Before being synthesized under 
laboratory conditions, many of these materials were known as 
minerals. For example, Engelhard titanosilicate ETS-4, which 
is now used in the gas industry on a multiton scale (Kuznicki 
et al. 2001), is a synthetic analog of zorite [Na6Ti5(Si6O17)2

(O,OH)5(H2O)11], a framework sodium titanosilicate described 
in the 1970s from alkaline complexes of the Kola peninsula, 
Russia (Merʼkov et al. 1973; Sandomirskii and Belov 1979). 
This example and many others show that investigations of miner-
als not only are of mineralogical interest but also may provide 
important ideas for synthesis of new materials with important 
industrial applications. 

Jonesite, a rare Ba-K titanosilicate, Ba2(K,Na)[Ti2(Si5Al)O18

(H2O)](H2O)n, was first described by Wise et al. (1977) from the 
Benitoite Gem mine, San Benito County, California. It occurs in 
close association with neptunite and joaquinite, and forms crys-
tals up to 1 mm long. However, until now the crystal structure of 
jonesite could not be solved, despite large crystal size and their 
relatively good quality.

Wise et al. (1977) pointed out that chemical analysis of jo-
nesite presented a challenging task in its characterization. Even 
within a single crystal, the composition was variable and bub-
bling from the sample under the electron beam indicated that it 
was hydrated. As a consequence, the chemical composition of 
jonesite was determined by combination of electron microprobe 
and ion microprobe analyses. The general formula was suggested 

as (K,Na,Ba)1–2Ba4Ti4Al1–2Si10–11O36
.6H2O taking into account 

chemical variations resulting from the coupled substitution K 
+ Si = Ba + Al. An infrared absorption spectrum obtained by 
George R. Rossman indicated that water molecules are by far 
dominant in the mineral in comparison with hydroxyl groups 
(Wise et al. 1977). 

Single-crystal X-ray diffraction (XRD) study performed by 
Wise et al. (1977) by means of the Weissenberg methods had 
shown that jonesite is orthorhombic, with space group B2212 
(C2221 in standard setting), and a = 13.730(5), b = 25.904(5), 
c = 10.608(3) Å, V = 3773(1.4) Å3. Inspection of strong spots 
in the Weissenberg photographs indicated a smaller pseudocell 
with axes a' = a/2 = 6.88, b' = b = 25.95, c' = c/2 = 5.31 Å (Wise 
et al. 1977).

In this paper, we report results of a crystal-structure deter-
mination of jonesite.

EXPERIMENTAL METHODS
The sample of jonesite was obtained from the Excalibur Mineral Company, 

Peekskill, New York. It contains several rosettes of transparent blades of jonesite on 
a crossite matrix. The sample originated from the Benitoite Gem mine, San Benito 
County, California, i.e., the same locality where jonesite was initially described. 

A crystal of jonesite selected for data collection was mounted on a Bruker 
PLATFORM goniometer equipped with an 1K SMART CCD detector with a 
crystal-to-detector distance of 5.4 cm. The data were collected using MoKα X-
radiation and frame widths of 0.3° in ω, with 30 s used to acquire each frame. 
More than a hemisphere of three-dimensional data was collected. The unit-cell 
dimensions were refined on the basis of 945 reflections. The data were reduced 
using the Bruker program SAINT. A semi-empirical absorption-correction based 
on the intensities of equivalent reflections was applied, and the data were corrected 
for Lorentz, polarization, and background effects. A total of 10665 intensities was 
measured; there were 4218 unique reflections with 3308 classified as observed (Fo 
≥ 4σFo). Scattering curves for neutral atoms, together with anomalous dispersion 
corrections, were taken from International Tables for X-Ray Crystallography (Ibers 
and Hamilton 1974). The Bruker SHELXTL Version 5.1 system of programs was 
used for the structure solution and refinement. Initial attempts to solve the structure 
were made in the space group C2221 [standard setting of the group B2212 reported 
for jonesite by Wise et al. (1977)] with cell dimensions of a = 10.618(1), b = *E-mail: skrivovi@mail.ru
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13.770(3), and c = 25.918(6) Å. These attempts were unsuccessful and the cell was 
transformed into monoclinic primitive one by applying the transformation matrix 
[100/001–/1–1/20]. Absence conditions and reflection statistics for the obtained cell 
(Table 1) were consistent with the space group P21/m. The structure was solved by 
direct methods in this space group and refined to R1 ∼ 0.18. At this stage, a twinning 
model was introduced into the refinement through the matrix [100/010/1–01–]. The 
R1 index immediately dropped to ∼ 0.06, with the ratio of two twin components 
of 0.43/0.57 (more detailed discussion of twinning is given in the Discussion). The 
final refinement included all atom-position parameters, anisotropic displacement of 
Ba1, Ba2, Ti1, Ti2, K1, Si1, Si2, Si3, and Si4 atoms, and a weighting scheme of the 
structure factors. Attempts to refine other Si, K, and O positions anisotropically led 
to some physically unrealistic displacement parameters. The refinement converged at 
an agreement index (R1) of 0.045, calculated for the unique observed reflections, and 
a goodness-of-fit (S) of 1.028. Further details pertinent to data collection and structure 
refinement are given in Table 1. The final atomic parameters are listed in Table 2, 
selected interatomic distances are in Table 3. Tables of anisotropic displacement 
parameters and of observed and calculated structure factors are deposited as Supple-
mentary Information and may also be obtained from the authors upon request.

RESULTS

Cation coordination
There are two symmetrically independent Ti sites in the 

structure of jonesite. Both show very distorted octahedral co-
ordination by five anions. Each TiΦ6 octahedron (Φ = O, H2O) 
has one short Ti-O bond (1.69–1.72 Å), one long Ti-Φ bond 
(2.38–2.41 Å) opposite to the short bond, and four intermediate 
Ti-O bonds (1.94–2.00 Å). The out-of-center distortions around 
Ti4+ cations are 0.374 and 0.355 Å for Ti1 and Ti2, respectively. 
Such a distortion is typical for octahedrally coordinated d0 transi-
tion metals and usually explained on the basis of second-order 
Jahn-Teller theorem (Kunz and Brown 1995). 

There are six main and two additional tetrahedral sites in the 
structure. The Si1, Si2, Si3, and Si4 sites are occupied solely by Si 
with the average <Si-O> bond lengths of 1.62, 1.62, 1.61, and 1.62 
Å, respectively. The Si5 and Si6 sites are 79%-occupied by equal 
proportions of Si and Al, which is reflected in the average <Si-O> 
bond lengths of 1.69 Å for both sites. The Si5A and Si6A sites are 
only 21% occupied, however. These sites are complementary to the 
Si5 and Si6 sites and their disorder will be discussed below.

The Ba1 and Ba2 atoms are coordinated by nine and ten 
O atoms, respectively, with Ba-O bond lengths in the range of 
2.704–3.071 Å. There are three K sites in the structure and these 
are occupied by K and Na in different proportions. The occupancies 
of the K sites were fixed during refinement in order to be in ap-
proximate agreement with the variations in chemical composition 
of jonesite reported by Wise et al. (1977) and to be consistent with 
the observed K-Φ bond lengths to interstitial H2O molecules. 

Bond-valence analysis
Bond-valence calculations were performed using bond-

valence parameters for the Ti4+-O, Si4+-O, Ba2+-O, and K+-O 
taken from Brown and Altermatt (1985). Bond-valence sums 
for the Ti1, Ti2, Ba1, Ba2, K1, K2, and K3 sites are 4.19, 4.09, 
2.02, 1.74, 0.67, 0.58, and 0.58 v.u. (valence units), respectively 
(not taking into consideration short K-H2O bonds (>2.5 Å) that 
probably correspond to the occupation of the K sites by Na). 
Bond-valence sums for tetrahedral sites are 4.07, 4.08, 4.08, 4.06, 
3.50, 3.28, 3.70, and 3.38 for Si1, Si2, Si3, Si4, Si5, Si6, Si5A, 
and Si6A, respectively. The low bond-valence sums observed 
for the Si5, Si6, Si5A, and Si6A sites are in good agreement with 
their half-half occupancy by Si and Al. Bond-valence sums for O 
atoms are in the range of 1.80-2.10 v.u., whereas bond-valence 
sums for H2O sites range from 0.06 to 0.40 v.u. The bond valence 
analysis indicates that there are no hydroxyl groups present in 
the structure of jonesite, which agrees well with the conclusions 
of Wise et al. (1977) made on the basis of an IR absorption 
spectrum of the mineral.

TABLE 1. Crystallographic data and refinement parameters for jonesite
a (Å) 10.618(2)  Crystal size (mm) 0.24 × 0.18 × 0.01
b (Å) 25.918(4)  Radiation MoKα
c (Å) 8.6945(14) Total Ref. 10665
β (o) 127.633(3) Unique Ref. 4218
V (Å3) 1894.8(6) Unique |Fo| ≥ 4σF 3308
Space group P21/m Rint 0.045
F000 1693 R1 0.045
Z 4 wR2 0.119
μ (cm–1) 55.58 S  1.028
Dcalc (g/cm3) 3.17  

Notes:  R1 = Σ||Fo| – |Fc||/Σ|Fo|; wR2 = {Σ[w(Fo
2 – Fc

2)2]/Σ[w(Fo
2)2]}1/2; 

w =1/[σ2(Fo
2)+(aP)2 + bP] where P = (Fo

2 + 2Fc
2)/3; s = {Σ[w(Fo

2 – Fc
2)]/(n – p)}1/2 where 

n is the number of reflections and p is the number of refined parameters.

TABLE 2.  Atomic coordinates and isotropic displacement parameters 
(Å2) for jonesite

Atom  Occupancy x y z Ueq

Ba1  Ba  0.49799(7) 0.517595(15)  0.24430(6) 0.01207(14)
Ba2  Ba  0.00154(7) 0.47576(2)   –0.24868(7) 0.01449(14)
Ti1  Ti  0.2682(2)  0.57478(6)   –0.2123(2)  0.0121(3)
Ti2  Ti  0.2604(2)  0.43091(6)    0.2752(2)  0.0128(3)
Si1  Si  0.8767(4)  0.60395(9)    0.4844(3)  0.0107(5)
Si2  Si  0.3469(4)  0.38986(9)   –0.0279(3)  0.0146(6)
Si3  Si –0.1248(3)  0.38956(9)   –0.0289(3)  0.0085(5)
Si4  Si  0.6392(4)  0.39499(8)    0.5151(3)  0.0110(5)
K1  K0.70Na0.30  0.2822(5)  0.2500       –0.2510(4)  0.049(2)
K2  K0.50Na0.10  0.7146(6)  0.2500        0.7472(7)  0.027(2)
K3  K0.40  0.7884(39) 0.2500        0.7294(36) 0.147(14)
Si5  Si0.395Al0.395  0.3978(4)  0.31321(14)   0.2522(6)  0.0127(6)
Si6  Si0.395Al0.395  0.1075(4)  0.31288(12)   0.2618(5)  0.0082(6)
Si5A Si0.105Al0.105  0.6085(15) 0.3115(5)     0.2516(20) 0.010*
Si6A Si0.105Al0.105 –0.1106(15) 0.3130(5)     0.2263(19) 0.010*
O1  O  0.0389(7)  0.5708(2)  0.5886(9)  0.0190(14)
O2  O  0.7016(7)  0.4275(2)  0.4129(9)  0.0170(14)
O3  O  0.1938(7)  0.3924(2) –0.2584(8)  0.0185(15)
O4  O  0.7971(7)  0.3896(3)  0.7423(8)  0.021(2)
O5  O  0.2928(7)  0.4247(2)  0.0767(8)  0.0140(13)
O6  O0.75(H2O)0.25  0.2639(7)  0.3382(2)  0.2754(7)  0.0204(12)
H2O7  (H2O)0.79  0.7684(14) 0.3346(3)  0.2853(10) 0.028(2)
O7A O0.21  0.7375(41) 0.3350(9)  0.2119(37) 0.010*
O8  O0.79  0.5782(10) 0.3377(2)  0.4279(9)  0.0060(15)
O8A O0.21  0.6326(34) 0.3306(11)  0.4396(40) 0.010*
O9  O  0.9123(9)  0.6623(2)  0.5668(8)  0.0260(13)
O10  O  0.0265(7)  0.4274(2)  0.0767(9)  0.0163(14)
O11  O  0.2874(7)  0.5099(2) –0.1701(8)  0.0212(11)
O12  O  0.5023(7)  0.4084(2)  0.0088(8)  0.0210(14)
O13  O –0.2466(8)  0.4081(3)  0.0079(9)  0.033(2)
O14  O0.79  0.3521(10) 0.3286(3)  0.0357(11) 0.018(2)
O14A O0.21 0.4339(31) 0.3349(8) 0.0531(39) 0.010*
O15  O0.79 –0.0603(9)  0.3296(3)  0.0429(12) 0.011(2)
O15A O0.21 –0.0970(39) 0.3352(10)  0.0616(39) 0.010*
O16  O  0.4929(7)  0.4239(2)  0.4839(9)  0.0201(14)
O17  O  0.7585(7)  0.5739(2)  0.5114(10) 0.023(2)
O18  O  0.2568(6)  0.4970(3)  0.2743(7)  0.0278(14)
O19  O0.79  0.4074(12) 0.2500  0.2796(15) 0.013(2)
O19A O0.21  0.5727(42) 0.2500  0.1993(51) 0.010*
O20  O0.79  0.1147(14) 0.2500  0.2868(17) 0.023(3)
O20A O0.21 –0.0981(43) 0.2500  0.2655(50) 0.010*
O21  (H2O)0.72  0.4920(13) 0.3247(3) –0.2570(11) 0.043(3)
H2O22  (H2O)0.26  0.5011(50) 0.2500 –0.2472(44) 0.040*
H2O23  (H2O)0.40  0.6266(27) 0.2500  0.0420(31) 0.040*
H2O24  (H2O)0.28  0.9570(27) 0.2820(9)  0.7019(33) 0.040*
H2O25 (H2O)0.36  0.7256(40) 0.2500 –0.0068(46) 0.066(14)

Note: Ueq is defined as one third of the trace of the orthogonalized Uij tensor.
* Fixed during refinement.
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Structure description
A projection of the jonesite structure along the a axis is shown 

in Figure 1a. The structure is based on porous double layers of 
TiΦ6 octahedra and SiO4 tetrahedra parallel to (010). The layer 
consists of two sheets of corner-sharing TiΦ6 octahedra and Si2O7 
groups (Fig. 1b). The Si2O7 groups within the sheets are formed 
by the Si1, Si2, Si3, and Si4 atoms. The two adjacent sheets are 
linked along b by four-membered T4O12 tetrahedral rings formed 
by Si5 and Si6 atoms (Fig. 1c). During the refinement, it was 
observed that the Si5 and Si6 sites are not fully occupied and 
that the difference Fourier map contained two additional peaks. 
The positions of these peaks corresponded approximately to the 
positions of Si5 and Si6 if they were translated by a/2 (Fig. 1c). 

These positions were introduced into the refinement as Si5A and 
Si6A and the refinement resulted in ∼79% occupancy for the Si5 
and Si6 sites and ∼21% occupancy for the Si5A and Si6A sites. 
Thus, the four-membered tetrahedral rings are disordered over 
two positions related by ±a/2 (Fig. 1c). The four-membered rings 
(4R) formed by Si5A and Si6A are located between two transla-
tionally equivalent 4Rs formed by Si5 and Si6 atoms, and play 
the same topological function of linkage of two adjacent sheets 
into double porous layer. Note that incorporation of 4Rs formed 
by Si5A and Si6A involves rotation of Si2O7 groups (Fig. 1c). 

The titanosilicate layers have an open structure with large 
channels confined by eight-membered tetrahedral rings (8R) 
formed as a result of condensation of Si2O7 groups with T4O12 
four-membered rings. There are two symmetrically independent 
8Rs in the structure: one formed by the Si3, Si4, Si5, and Si6 
atoms, and the other formed by Si1, Si2, Si5, and Si6 atoms. The 
apertures (free diameters) of the eight-membered rings are 3.37 
× 3.37 and 3.33 × 3.33 Å2, respectively, calculated as a distance 
between O atoms across the ring minus 2.7 Å (two oxygen radii) 
(Fig. 2). The K and H2O21, H2O22, H2O23, and H2O24 sites are 
within the channels of the layer.

The layers are stacked along the b axis as shown in Figure 
1a. It should be noted that the disorder of 4Rs observed in the 
structure may be explained as due to the presence of stacking 
faults as the double titanosilicate layer can exist in two configura-
tions related by the ±a/2 translation. 

The Ba2+ cations are located between the layers and provide 
their linkage into a three-dimensional structure.

Structural formula
On the basis of the results of crystal-structure solution and 

refinement, the structural formula of jonesite can be written as 
Ba2(K,Na)[Ti2(Si5Al)O18(H2O)](H2O)n, where n ∼ 1.28 for the 
crystal studied. This formula is in good agreement with the results 
of chemical analyses reported for jonesite by Wise et al. (1977). It 
is clear that the chemical variations observed for jonesite crystals 
are due to the possibility of Si-Al, Ba-K, and K-Na substitutions. 
These variations are typical for natural titanosilicates with open 

TABLE 3. Selected bond lengths (Å) in the structure of jonesite
Ba1-O17 2.708(6) Si4-O16 1.592(7)
Ba1-O16 2.759(6) Si4-O8 1.612(7)
Ba1-O18 2.780(6) Si4-O2 1.630(6)
Ba1-O11 2.813(6) Si4-O4 1.640(6)
Ba1-O11 2.861(5) <Si4-O> 1.62
Ba1-O2 2.899(6)  
Ba1-O13 2.914(7) Si5-O19 1.650(4)
Ba1-O12 2.917(6) Si5-O14 1.680(9)
Ba1-O5 2.964(6) Si5-O6 1.683(7)
<Ba1-O> 2.85 Si5-O8 1.683(8)
          <Si5-O> 1.67
Ba2-O18 2.707(6)  
Ba2-O11 2.816(6) Si6-O20 1.640(3)
Ba2-O5 2.938(5) Si6-O15 1.687(9)
Ba2-O10 2.955(6) Si6-O6 1.722(7)
Ba2-O1 2.970(6) Si6-O9 1.748(8)
Ba2-O1 2.985(6) <Si6-O> 1.70
Ba2-O2 2.987(6)  
Ba2-O3 3.008(6) Si5A-O8A 1.57(3)
Ba2-O10 3.029(6) Si5A-O19A 1.64(2)
Ba2-O4 3.082(7) Si5A-O14A 1.70(3)
<Ba2-O> 2.95 Si5A-O7A 1.72(4)
          <Si5A-O> 1.66
Ti1-O11 1.706(5)   
Ti1-O1 1.946(6)  Si6A-O15A 1.63(3)
Ti1-O2 1.957(6)  Si6A-O7A 1.64(4)
Ti1-O13 1.977(7)  Si6A-O20A 1.66(1)
Ti1-O12 1.998(6)  Si6A-O9 1.86(1)
Ti1-H2O7 2.401(8)  <Si6A-O> 1.70
<Ti1-Φ> 2.00  
          K1-H2O22 2.30(5)
          K1-H2O23 2.91(2)
Ti2-O18 1.713(7) K1-O14 2.943(8)  2×
Ti2-O5 1.962(6) K1-H2O21 2.98(1)  2×
Ti2-O10 1.980(6) K1-O9 3.169(6)  2×
Ti2-O16 1.987(6) <K1-Φ> 2.92
Ti2-O17 1.988(6)  
Ti2-O6 2.404(6) K2-H2O25 2.07(3)
<Ti2-O> 2.01 K2-H2O22 2.30(5)
          K2-H2O24 2.95(2)  2×
Si1-O17 1.611(6) K2-O15 3.013(9)  2×
Si1-O9 1.618(6) K2-H2O21 3.04(1)  2×
Si1-O1 1.619(6) <K2-Φ> 2.80
Si1-O3 1.623(6)  
<Si1-O> 1.62 K3-H2O24 2.12(4)  2×
          K3-H2O25 2.75(5)
Si2-O12 1.553(6) K3-O15 2.99(1)  2×
Si2-O5 1.616(6) K3-O8 3.14(2)  2×
Si2-O3 1.639(5) K3-H2O22 3.18(6)
Si2-O14 1.670(8) <K3-Φ> 2.80
<Si2-O> 1.62  
          
Si3-O13 1.585(7)  
Si3-O10 1.607(6)  
Si3-O4 1.622(6)  
Si3-O15 1.658(8)  
<Si3-O> 1.62  

* Φ = O, H2O.

FIGURE 1. Crystal structure of jonesite: (a) projection along the 
a axis showing the titanosilicate layers parallel to (010) with pores 
filled with (K,Na) and H2O, linked by Ba; (b) sheet of corner-sharing 
TiΦ6 octahedra and Si2O7 groups with twinning plane (001) shown as 
a dashed line; (c) the arrangement of the Si5-Si6 and Si5A-Si6A 4Rs 
in the (001) plane.
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frameworks and, as a result, several mineral species are usually 
known for a given structure type [e.g., in labuntsovite-nenadkev-
ichite group of minerals (Chukanov et al. 2002)].

DISCUSSION

Topological structure of titanosilicate sheet
The topological structure of the titanosilicate layer observed 

in jonesite can be described using a graphical approach. The Ti 
octahedra and Si tetrahedra are symbolized by black and white 
circles, respectively, and their corner linkage is symbolized by a 
single line. An octahedral-tetrahedral unit is thus associated with 
a black-and-white graph symbolizing polyhedral connectivity of 
the unit. For instance, the octahedral-tetrahedral sheet shown 
in Figure 1b corresponds to a graph depicted in Figure 3a. The 
graph corresponding to the whole titanosilicate layer in jonesite 
is shown in Figure 3b. It can be considered as composed of two 
types of cages shown in Figures 3c and d. Face symbols of these 
cages are 84664438 and 4232, respectively (Liebau 2003) (a face 
symbol gives number of vertices in a face with the number of 
such faces given as a superscript).

The 84664438 cages have eight-membered rings as windows 
with the effective pore size of 3.37 × 3.37 Å2 (see above). The 
adjacent cages link through 8Rs so that a two-dimensional chan-
nel system is formed with channels running parallel to [100] 
and [001]. 

Twinning
As mentioned above, the crystal of jonesite used in this study 

was twinned on the (001) plane. The twinning model was intro-
duced into the refinement through the matrix [100/010/1–01–]. The 
given monoclinic primitive cell [a = 10.618(2), b = 25.918(4), c = 
8.6945(14) Å β = 127.633(3)°] may be transformed into another 
primitive monoclinic cell with smaller β angle by applying the 
matrix [101–/010/1–01]. The resulting cell has a' = c' = 8.694, b' = 
25.918 Å, β'= 104.73° (Fig. 4). As a  = c , this monoclinic cell has 
a pseudo-mirror plane parallel to (101–) and this plane becomes 
a twin composition plane. In this setting, the twinning matrix 
is [001/010/100], i.e., it corresponds to the interchange of the 
a' and c' axes (Fig. 4). The lattice metric symmetry (geometry) 

of jonesite is orthorhombic and is higher than the symmetry of 
the structure, which is monoclinic. This feature favors twinning 
of monoclinic structure that emulates orthorhombic symmetry 
(dashed-and-dot line in Fig. 4; axes a'' and c''). This kind of twin-
ning was recently considered by Nespolo and Ferraris (2000) and 
was called twinning by “metric merohedry.”

Comparison with related structures
Jonesite is the first example of a titanosilicate with a structure 

based on porous double layers. It is closely related to the titano-, 
niobo-, and zirconosilicate minerals whose structures are based 
on frameworks of corner-sharing octahedra and tetrahedra. More 
than 30 topologically different frameworks are known in this 
family, and their detailed decription and classification will be 

FIGURE 2. Two adjacent eight-membered rings of SiO4 tetrahedra 
and their free diameters (calculated as the distance between O atoms 
across the ring minus 2.7 Å.

FIGURE 3. Graphical representation of the topology of the titanosilicate 
layer of jonesite, where the open circles represent tetrahedral sites and 
closed circles, octahedral sites, which are connected with bonds without 
O atom bridges. (a) the topology of the sheet of TiΦ6 octahedra and Si2O7 
groups (Fig. 1b). (b) The topology of the double porous layers. (c) and 
(d) Two types of cages, 84664438 and 4232, respectively.

FIGURE 4. Scheme of unit-cell transformations and twinning in the 
structure of jonesite. Legend: a and c, single line: monoclinic cell with 
β angle of 127.6°; a' and c', dashed line: monoclinic cell with a' = c' and 
β angle of 104.7°; a'' and c'', dashed-and-dot line: pseudo-orthorhombic 
B supercell. Twin composition plane plane is parallel to (001) in the cell 
with axes a and c and to (10–1) in the cell with axes a' and c'.
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given in a separate paper.
It is of interest that jonesite also is related to modular Ti 

heterophyllosilicates that recently attracted considerable atten-
tion due to interesting polysomatic relationships (Ferraris 1997). 
The octahedral-tetrahedral sheet shown in Figure 1b has been 
observed in several minerals, e.g., in bafertisite (Guan et al. 1963) 
and lomonosovite (Rastsvetaeva et al. 1986). Replacement of 
TiΦ6 octahedron in this sheet by TiΦ5 tetragonal pyramid results 
in the heteropolyhedral sheet observed in lamprophyllite poly-
types (Krivovichev et al. 2003b). However, in these Ti heterophyl-
losilicates, adjacent sheets are linked by intermediate brucite-like 
octahedral sheets into three-level layers that are separated in the 
structure by alkali metal or alkali earth cations such as K+, Ba2+, 
and Sr2+. In contrast, in jonesite, adjacent octahedral-tetrahedral 
sheets are linked by four-membered tetrahedral rings that produce 
layers with internal channels occupied by H2O molecules and 
weak cations such as K+ and Na+.

Recently, Liebau (2003) suggested a new system of clas-
sification of poroates (= ordered macroporous and mesoporous 
materials with inorganic hosts). According to this system, 
jonesite should be considered as poroate-[4,6], which reflects 
construction of its porous part from cations in tetrahedral (4) 
and octahedral (6) coordinations. The host is two-dimensional 
(Dh = 2), and can be considered as based upon cages (K) as fun-
damental building units (FBU). Among poroates-[4], a similar 
structure is observed for rhodesite, a double-layer silicate of 
the idealized composition HKCa2[Si8O19](6 x)H2O (Hesse et al. 
1992), and minerals of the tobermorite group (Merlino et al. 
1999, 2001). Their structures consist of porous tetrahedral double 
layers (rhodesite) or double chains (tobermorite) interlinked via 
sheets of Ca polyhedra. Cations and H2O molecules are in the 
eight-membered ring channels.
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