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Kalifersite, a new alkaline silicate from Kola Peninsula (Russia)
based on a palygorskite-sepiolite polysomatic series

GIOVANNIFERRARIS *, ALEXANDER P. KHOMYAKOV **, ELENA BELLUSO *
and SVETLANA V. SOBOLEVA ***

*
Dip. Scienze Mineralogiche e Petrologiche, Univ. Torino,

Via Valperga Caluso 35, 1-10125 Torino, Italy. - e-mail: ferraris@dsmp.unito.it

** Inst. of Mineralogy, Geochemistry and Crystal Chemistry of Rare Elements,
Russian Acad. Sci., Veresaev st. 15, RU-121357 Moscow, Russia

*** Inst. of Ore Deposits, Petrography, Mineralogy and Geochemistry,
Russian Acad. Sci., Staromonetny per. 35, RU-109017 Moscow, Russia

Abstract: Kalifersite, (K, Na)s(Fe3+MSi200so](OHk 12H20, is a new [001] fibrous silicate discovered in a
drill core of a hydrothermally altered pegmatite in the urtite series at Mt. Kukisvumchorr (Kola Peninsula).
The new mineral formed by crystallization from residual peralkaline liquids during the hydrothermal stage of
the pegmatitic process. Pink-brownish; good {IOO} and {OIO} cleavages; D(meas) =2.37(2) g/cm3. Biaxal (+);
a = 1.523(2), ~ = 1.525(2), Y = 1.550(2), 2V(meas) = 30(2)", 2V(calc) = 32°; optically pseudo-orthorhombic,
G.? (010); slightly pleochroic. SAED patterns show triclinic symmetry and streaks; a = 14.86(4), b = 20.54(4),

c = 5.29(2) A, a = 95.6(3), ~ = 92.3(3), Y = 94.4(3)" have been obtained from least-squares refinement of
powder diffraction data; s.g. pI, z = 1. Comparison with sepiolite {Mgs[SiI2030](OH)4 . 12HzO; a = 13.40,
b =26.80, c =5.28 A, s.g. Pncn, Z = 2} and palygorskite {Mgs[SisOzo](OH)2' 8H20; a = 13.27,b = 17.868,
c = 5.279A,~ = 107.38°,s.g. C2/m,Z = 2} allowedto obtainfor kalifersitea structuralmodelwhichexplains
its characteristics. On the basis of P = [(y2+)s_/_Ay3+)/ Oz,] [Sis02o](OH)z{ (An+)(2z'_Y')!n. m'H20} (palygor-
skite module) and S = [(y2+)g_y_z(y3+)y0 z] [Si 12030](OH)4 {(A"+)(2z-y)/n. mH20} (sepiolite module), kalifersite
is the PIS J member (with y + y' = 7, z + z' =6 and m + m' = 12) of a PpSspolysomatic series named palysepiole
series. In kalifersite, the alkali cations A lie in octahedra which connect the V-octahedra belonging to the
palygorskite/sepiolite framework. This feature and polysomatic aspects are discussed by comparison with
biopyriboles, raite and, in general, 2: I layer silicates.
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Introduction

The hyperagpaitic rocks with unique geochem-
istry occurring in the Khibina-Lovosero complex
(Kola Peninsula, Russia) are particularly fertile in
bearing more than 500 different minerals which
include over 100 new species (Khomyakov,
1995). Several of these minerals are characterized
by a large alkalis/(other cations) ratio and, partic-
ularly silicates, are based on unique structures
well suited to lodge large quantities of alkaline ca-
tions (e.g., Ferraris et at. 1995). Often these sili-

cates show fibrous morphology (Khomyakov,
1995) which usually corresponds to poorly crys-
tallized material and disorder around the fibre
axis. That can prevent classical structural studies
based on single-crystal diffraction. Fortunately,
the structural classification of a large number of
silicate structures (e.g., Liebau 1985; Lima-de-
Faria, 1994) allows the utilization of recurring
structural features, particularly when these have
been theoretically rationalized, as in the case of
the polysomatic theory (Thompson, 1978). Fol-
lowing similar cases concerning Kola minerals
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(Egorov-Tismenko & Sokolova, 1990; Ferraris et
ai., 1996b, 1997), polysomatism has been the key
to characterize the new silicate kalifersite (Ferraris
et al., 1996a) and results are presented in this
paper.

The name kalifersite is given with reference to
chemical composition (kalium, felTum, silicium).
Name and species have been approved by the
Commission on New Minerals and Mineral
Names of IMA (N° 96-007). Type material is de-
posited in the Fersman Mineralogical Museum
(Moscow, Russia; N° 2234) and Museo Regionale
di Storia Naturale (Torino, Italy N° 1998001.01).

Experimental

Occurrence and physical properties

Kalifersite occurs in a drill core (202 m depth) of
a hydrothermally altered pegmatite in the urtite
series (Khibina massif, Mt. Kukisvumchorr, Kola
Peninsula, Russia); it is in close association (even
at submicroscopic level) with aegirine, fenaksite,
pectolite and an unidentified light-green mineral.
Other associated minerals are: potassium feldspar,
sodalite, nepheline, aenigmatite, lomonosoite,
lamprophyllite, scherbakovite, loparite, natisite,
paranatisite and sphalerite. Kalifersite formed by
crystallization from residual peralkaline liquids
during the hydrothermal stage of the pegmatitic
process. It is fibrous [001] and forms millimetric
bundles (up to 5 mm long) and aggregates (up
I em) within cavities of the rock.

Kalifersite is pink-brownish and translucent
with white streak and silky to earthy lustre; fluor-
escence is absent with UV 240-400 nm (in air);
[001] fibrous parting; H = 2 (Mohs); {IOO} and
{O1O} good cleavages; brittle, fibrous fracture.
The measured and calculated densities are 2.37(2)
(heavy liquids) and 2.28 g/cm3 (see below), re-
spectively. Biaxal (+); at 589 nm u. = 1.523(2),

~ = 1.525(2), Y = 1.550(2), 2V(meas) = 30(2t,
2V(eale) = 32°; dispersion is not discernible; opti-
cally pseudo-orthorhombic, presumably because
the single fibres are disordered around [001]; X

'"a, Y
'"

b, Z", c, D.? (010); the pleochorism is me-
dium with Z = yellow, Y and X slightly pink. The
compatibility according to Mandarino (1981) is
0.002 (superior).

Chemical data

DTA shows an endothermic effect at 150°C con-
nected with dehydration; TGA gives a weight loss

Table I. Average of 10 microprobe analyses and Penfield
tube data for H20 in kalifersite.

Oxides range standardavo

Na20
K20
MgO
MnO
Fe203
Si02
CaO
H20

1.98
7.71
1.21

2.38
17.96
55.39

0.35
13.42

1.43-2.39
7.01-8.08
0.90-1.64
1.69-3.70

16.66-20.23
53.16-57.73

O~1.02

NaCI
KBr
MgO

Mn
hematite
Si02
wollastonite

total 100.40

of 13.1 % at 1000°C. The infrared spectrum shows
bands at 3435 (strong), 1655 (strong), 1015
(strong), 785, 730, 645, 540 (strong), 510, 450
(strong) (em-i).

The results of 10 analyses by electron micro-
probe on a SEM (Cambridge) equipped with EDS
860-Link System (15 kV, 500 pA) are reported in
Table I; Fetot= Fe3+ has been proved by wet anal-
yses. The value of H20 shown in Table I has been
obtained by Penfield tube and well agrees with
TGA value; C03 was not detected by infrared
spectroscopy. Kalifersite is readily decomposed
by 10% HCI and HN03 at room temperature. On
the basis of D = 68 (ef below) the following em-
pirical formula is obtained from the data in
Table I:
(K3.ssN alAo)L4.98[(Fe3+k92Mno7~go6~ao.14) b4S
[Si20.160S0] [(OHh44(H20)14S6I ns. It leads to MW

= 2195.67 and D(eale) = 2.28 g/cm3 for Z = I
in all cell with V = 1600 A3 (see below). A simpli-
fied formula (K,Na)s(Fe3+h[Si200so](OH)6' 12H20
can be assigned to kalifersite; for K = 4 and Na

= 1 it requires K20 = 8.37, Na20 = 1.38, Fe203 =
24.84, Si02 = 53.40, H20 = 12.01, MW = 2250.3,
D(eale) = 2.33 g/cm3. Discrepancies with D(meas)

= 2.37(2) g/cm3 can be attributed to variable
chemical composition as discussed below.

Crystallography

Due to the [001] fibrous morphology, no single
crystals suitable for X-ray diffraction have been
found: apparent "individuals" are actually bundles
with disorder around the elongation direction;
single crystals are (100) lamellae [00 I] elongated
and few hundred A wide in the [0 10] direction.

Diffraction data used to decipher crystallo-
graphic and structural features of kalifersite are X-
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Fig. I. SAED pictures of kalifersite along [100] (a) and [010] (b).

ray powder patterns (diffractometer, CoKa and
CuKa; Gandolfi and Guinier cameras, CuKa)
together with Ok! and hOt selected area electron
diffractions (SAED); SEM and TEM images have
been observed too. The SAED patterns (Fig. I;
CMI2 Philips electron microscope) show triclinic
symmetry and structural disorder; doubling of the
b axis is suggested by weak reflections with k =
2n + 1 which tend to be masked by diffuse streaks
along b*. This doubling is confirmed by the suc-
cessful indexing of the powder pattern (Table 2),
leading to a least-squares refined cell (unit
weights) with a = 14.86(4), b = 20.54(4), c =
5.29(2) A, a = 95.6(3), ~ = 92.3(3), Y= 94.4(3)°,
and by the structural model (see below). In par-
ticular, the doublet at 12.36 + 11.60 A can be in-
dexed as 110 and 110, respectively, only on the
basis of the shown cell. The values of the diffrac-
tion intensities calculated (SHELXTL package;
Sheldrick, 1990) from the structural model (Table 3)
have been taken into account in indexing the X-
ray powder diffraction pattern; in agreement with
Ok! SAED, only 050 shows a significant intensity
among Ok! reflections with k = 2n + 1 (Table 3).
The powder diffraction data given in Table 2 have
been collected by a Siemens-D5000 diffractome-
ter and processed by the annexed DIFFRAC AT
package: graphite-monochromatized CuKa radia-
tion; 0.02° steps of 28; 30s counting for each step.

Structural model

Preamble

The experimental data of kalifersite have been in-
terpreted by comparison with sepiolite {ideally

Mgs[SiIP30](OH)4' 12H20; a = 13.40, b =26.80,
c = 5.28 A, s. g. Pncn, Z = 2 (Brauner & Prei-
singer, 1956)} and palygorskite {ideally
Mgs[Sis02o] (OHh . 8H20; two polytypes are
known (Artioli & Galli, 1994) with a = 13.27, b =
17.868, c = 5.279 A, ~ = 107.38°, s. g., C2Jm, Z =
2 and a = 12.763, b = 17.842, c = 5.241 A, s. g.
Pbmn, Z = 2). In particular, the following data are
of interest:

(i) Kalifersite, sepiolite and palygorskite have
close values of a and c parameters, the latter
corresponds to the fibrous direction of these sili-
cates and to the periodicity of a pyroxene chain.

(ii) The b value of kalifersite is intermediate
between that of palygorskite and sepiolite.

(iii) The structures of sepiolite and palygors-
kite are based on a framework of [001] TOT rib-
bons (triple-chain I beam) which are chess-board
arranged and intercalated with channels. In the b
direction, the (TOT)s ribbon of sepiolite is one
chain wider than that, (TOT)p, of palygorskite;
this feature requires for sepiolite a b value about
9 A longer than that of palygorskite, i.e. about
4.5 A per T chain.

(iv) Jones & Galan (1988) have summarized
results which show that both palygorskite (see
also Artioli & Galli, 1994) and sepiolite can occur
as different polymorphs (or polytypes) differing
very little with respect to a basic structure, the
main differences being changes in symmetry.
Besides, these minerals can contain both trivalent
cations, in their octahedral strips, and extra ca-
tions in their channels, balancing the charges
through octahedral vacancies and tetrahedral sub-
stitutions.
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100 100 12.36 12.46 110*
40 90 11.60 11.54 110
14 8 10.21 10.19 020
3 4 8.77 8.73 120
4 3 8.03 8.09 120
6 1 7.68 Pb 7.40 200*
5 3 6.34 A 6.37 6.23 ] 30 220*
2 2 5.22 5.22 230
4 2 5.10 b 5.03 4.97 4.97 - --101 011 III
2 3 4.79 4.88 4.88 4.81 III 101 230
2 2 4.65 4.71 4.59 310 320
2 2 4.505 4.492 021
9 2 4.397 A 4.393 121
2 2 4.290 4.305 4.257 320 211
5 11 4.162 4.212 4.209 4.184 131 121 - -131
4 10 4.075 4.083 4.075 2 2 1 050
2 3 3.984 4.045 3.968 240* 031
5 18 3.818 b 3.859 3.748 3.700 3.697 041 2 3 1 400* 340*
3 3 3.553 3.589 3.515 3.487 410 301 041*

37 6 3.411 Fb 3.408 3.400 3.393 340060311

15 2 3.281 Pb 3.280 3.266 ] 51 241
4 3 3.182 3.227 3.201 331* 321
4 1 3.130 3.143 3.097 430 401*
5 2 3.075 FP 3.065 3.065 411 151
5 5 2.980 A 2.994 2.973 2.972 2.970 2.964 061 33] 341 421510

12 6 2.896 AFP 2.910 2.896 161 510
4 2 2.827 b 2.843 2.827 431* 431
1 1 2.750 2.754 2.748 421 351
2 4 2.738 2.737 2.720 341 351*
2 4 2.631 2.639 261
3 4 2.575 2.584 2.568 112 102
4 1 2.544 2.524 521
2 2 2.503 2.511 2.485 361 361
4 16 2.465 F 2.467 2.467 2.459 -- -271 600212
3 2 2.389 b 2.389 2.379 2.368 081 461 302*
2 2 2.357 2.354 2.338 2.333 620 181 322*
4 7 2.290 2.298 2.275 461 302*
3 6 2.246 2.273 2.247 371 ] 42
5 4 2.196 2.2152.211 2.191 2.1902.189 - - - -471* 190 551 650 412
4 3 2.161 2.169 2.155 2.154 281 191 181
2 3 2.122 2.1152.1132.112 371 412 4 7 1
3 3 2.109 2.108 2.106 461 38]
2 2 2.035 2.060 2.043 2.042 -- --561551291
5 3 2.017 b 2.020 2.014 2.011 2.009 - -631 502 740 512
2 1 1.992 1.985 1.983 1.972 -- - -522 291 721*
5 1 1.730 P 1.766 671*
3 2 1.611 1.610 1.607 702 343
3 1 1.592 1.601 1.600 781 861
2 2 1.560 1565 1565 1556 - -173 173 871
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Table 2. Observed (Io and do) and calculated (Ie and de) intensities (relative scale) and interplanar spacings (A) with
the corresponding indexes (hkl) for the powder diffraction pattern of kalifersite with CuKa radiation. The most
intense lines of aegirine (A), fenaksite (F) and pectolite (P), which are present as impurities, are shown; b broad line;

* not used in the cell refinement.

(v) Martin-Vivaldi & Linares-Gonzales (1962)
have interpreted diffraction patterns intermediate
between those of palygorskite and sepiolite on the
basis of random intergrowth of (TOT)s and (TOT) p,
ribbons.

The model

Taking into account the above features and fol-
lowing a procedure based on polysomatism the-
ory, which has already been used in similar cases
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(Ferraris et ai., 1996b; Ferraris, 1997), the struc-
tural model illustrated in Fig. 2 has been deduced
for kalifersite. Main characteristics of this model
are (i) a chess-board arrangement of (TOT)p and
(TOT)s [001] ribbons and (ii) filling of the [001]
channels with alkalis and water molecules. The
six independent water molecules pfu (OW in
Table 3) are coordinated by the three independent
alkali atoms only. All the alkalis have six-fold co-
ordination; however, while K3 is bonded to H20
only, KJ and K2 coordinate also two oxygens each
(in the order: OJ and 06, 03 and 013; Table 3).
The K-octahedra are arranged according to two
different [00 I] strips; each one is either two or
three rows wide and bridges, along [010] and in
the order, the Fe-octahedral strips of either two
(TOTJs or two (TOT)p ribbons. Consequently, two
types of bidimensional mixed (100) octahedral
sheets are formed, as further discussed below.
This model is able to explain the observed fea-
tures of kalifersite:

I. A b value smaller than that expected (about
22.5 A) for a width of five T chains corresponds
to a stretching along a of the channels which, in
contrast to sepiolite and palygorskite, are now
completely filled by large cations.

2. Agreement between observed and calcu-
lated diffraction intensities of the powder pattern
(Table 2) might look not very good; it must, how-
ever, be taken into account that the quality of the
pattern is affected by low crystallinity, structural
disorder in the chess-board arrangement (cf.
streaks in SAED both along a* and b*; Fig. I),
impurities (Table 2) at submicroscopic level and
preferred orientation. Such data, together with the
complexity of the low symmetry structure, render
unfeasible a Rietveld refinement according to the
authors experience (Ferraris et ai., 1995; Pavese et
ai., 1997). The coordinates of the structural model
reported in Table 3 have been optimized (R =
0.06) by a least-squares procedure according to
the program DLS76 (Baerlocher et ai., 1978).

3. The [001] elongation of the fibres is due to
the structural TOT ribbons, while the (100) lamel-
lar morphology of the single-crystals is connected
with the (100) structural layers. The {I DO} and
{OIO} good cleavage are clearly related to the fea-
tures of the (00 I) cross-sections of the TOT rib-
bons.

4. Chemical composition, including an easy
(150°C in DTA) loss of water which is loosely
bonded to K in the channels.
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Table 3. Calculated fractional coordinates for the atomic
positions in kalifersite (DLS refinement) OW represents
the oxygen of the water molecules.

atom
Fe]

Fe2
Fe3
Fe4
Fe5
Si1
Si2
Si3
Si4
Si5
Si6
Si7
Si8
Si9
SilO
K]
K2
K3
01
02
03
04
05
06
07
08
09
010
011
0]2

013
014
015
016
017
018
019
020
021
022
023
024
025
026
027
028
OW29
OW30
OW3]
OW32
OW33
OW34

x

o
0.000
0.508
0.506
0.50]
0.181
0.176
0.319
0.3]5
0.319
0.311
0.300
0.293
0.191
0.192
0.519
0.010
o
0.074
0.080
0.075
0.428
0.424
0.427
0.423
0.420
0.413
0.411
0.403
0.082
0.08]
0.208
0.207
0.195
0.260
0.274
0.285
0.270
0.279
0.287
0.265
0.259
0.267
0.245
0.216
0.219
0.351
0.613
0130
0891
0.060
0.147

y

o
0.077
0.318
0.389
0.463
0.068
0.]22
0.306
0.448
0.235
0.525
0.670
0.742
0.932
0.866
0.108
0.274
1/2
0.078
0.004
0.147
0.312
0.456
0.234
0.383
0.531
0.602
0.677
0.748
0.932
0.858
0.001
0.]2]

0.059
0.165
0.273
0.266
0.373
0.474
0.483
0.593
0.716
0.686
0.805
0.926
0.877
0.013
0.107
0.414
0.38]
0.293
0.523

z

o
0.507
0.175
0.702
0.234
0.834
0.334
0.816
0.876
0.274
0.4]5
0.472

-0.003
0.796
0.268
0.069

-0.004
1/2
0.843
0.340
0.283
0.833
0.889
0.253
0.361
0.424

-0.048
0.483
0.982
0.816
0.274
0.673
0.635
0.136
0.225
0.050
0.546
0.839
0.615
0.144
0.480
0.704
0.]89
0132
0.095
0.574
0.999
0.579
0.]79
0.755
0.500
0.902
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Fig. 2. Perspective view along [00 I] of the crystal structure of kalifersite. Alkali octahedra are dark dotted.

Discussion

Crystal chemistry

According to the structural model (Fig. 2; Table 3),
the ideal crystallochemical formula of kalifersite
is AsY9[Si2oOso](OH)6 . mH20 (Z = 1); m ~ 12 to
provide at least six-fold coordination to the large
cations A = (K, Na) which occur in the [DOl]
structural channels of the sepiolite/palygorskite
framework. In the analyzed samples of kalifersite
(Table I), m is close to 12, but a different (higher)
quantity of H20 can be expected in freshly col-
lected samples because it is loosely bonded to the
structure. The Y cation of the octahedral strips is
in mainly Fe3+ (plus Mn, Mg and Ca in order;
Table I), with an average of 6.5 apfu, i.e. lower
than the nine available Y sites. A variable occu-
pancy of these sites occurs also in palygorskite
and sepiolite, where Y is mainly bivalent, and is
related to the oxidation state of Yand the quantity
and type of A. In kalifersite the large amount of
Fe3+cannot allow full occupancy which, in fact, is
close to 2/3 of the available Y sites. The nature
and quantity of Y cations is also related to the
number of OH groups which, however, cannot ex-
ceed 6 pfu, i.e. the number of the framework
oxygens which are linked to M only (02, 07 and

09 in Table 3). The other oxygens are bonded to
Si only (from 014 to 028 in Table 3) or to one Si
plus Y and A cations.

The above discussion shows that a variable
chemical composition and, consequently, variable
properties can be expected for kalifersite, as re-
ported by Khomyakov (1995), where data for this
mineral are given under code M27. Further, min-
erals intergrown with kalifersite at submicro-
scopic level (see above) can contribute to bulk
wet chemical analyses, as that given by Kho-
myakov (1995), and increase the value of
D(meas), in comparison with D(calc). The latter
effect may be further enhanced by the mobility of
water.

Polysomatic interpretation

Palygorskite and sepiolite can contain octahedral
y3+ cations, besides Mg (mainly), and some An+
cations are statistically distributed together with
H20 in the structural [100] channels. Therefore,
the general formulae for these two minerals can be
written in the following way (modified from Jones
& Galan, 1988; tetrahedral substitutions ignored;
channel content enclosed in brace):
p = [(y2+)s_y._Ay3+)y'O z,][Sig02o] (OHh

{(An+)(2z'_y')/n'm'H20} (palygorskite module);



Kalifersite, a new mineral 871

Fig. 3. Perspective view along [OOIJ of the crystal structure of raite. Alkali octahedra are dark dotted; open circles
represent the partially occupied Ti positions.

S =[(yZ+)S_y_ly3+)yD z.I[Si1z030] (OH)4 {(A"+)(Zz-yj/n
. mHzO} (sepiolite module).

Kalifersite Ks(Fe3+MSizoOso] (OH)6' 12HzO
can be considered the PISj member (with y + y'=
7, z + z' = 6 and m + m' = 12) of a polysomatic

series PpS" with general formula
{ [(yz+)s_i_z(y3+)y" 0 d [SisOzo] (OH)z

{(An+)(Zz'-i)/n' m'HzO} }p
{[yz+)s_y_z(y3+)yO z.I[Si Iz030](OH)4
{ (An+)zz_y)/n' mHzO} }s'

This series shall be called palysepiole polyso-
matic series, palysepiole being an acronym con-
structed from palygorskite and sepiolite; palysepi-
oles shaH be the members of the series.

The series PI'S, and, in particular, kalifersite
can be compared with mica and, more generaHy,
with biopyriboles. Zoltai (1981) defined DiC and
TriC as TOT basic layer modules corresponding,
respectively, to one-chain wide (010) slabs of

dioctahedral (Di) and trioctahedral (Tri) micas
with a total height t of about lOA. C stands for in-
terlayer cation and is omitted for pyroxenes and
amphiboles with empty A site; 1/2TriC has been
used to describe intermediate tri- and di-octaheral
layers, as occurring in palygorskite and sepiolite.
The vertical shifts ([IOO] direction in palysepi-
oles) between basic modules can be nt (n =0, 1/2,

3/4); n = 0 corresponds to the major layer sili-
cates, like micas; in pyroxenes and amphiboles
n = 1/2, while n = 3/4 describes the shift between
ribbons in palygorskite, sepiolite and, now, ka-
lifersite. According to Zoltai's symbolism, and
taking into account that some interlayer cations
can occur, palygorskite and sepilote represent the
members 1/2TriC-0-1/2TriC-3/4 and 1/2 TriC-O-
1/2TriC-0-l/2TriC-3/4 of the biopyribole series
(or group); the new member kalifersite (ideally
only y3+ in the octahedral sheet) corresponds to
DiC -0- DiC -3/4- DiC -O-Di C-O- D iC -3/4.
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The interpretation of kalifersite as a member
of the PI~S polysomatic series and the connection
of this series with biopyriboles suggest that de-
fects based on the polysomatic modules can be
source of variable composition and diffraction
streaks because of stacking faults both in [100]
and [010] directions.

Related minerals

FaJcondoite (a = 13.5, b = 29.9, c = 5.24 A.;

Springer, 1976) and loughlinite (Fahey et aI.,
1960) differ from sepiolite just for the presence of
Ni and Na, respectively. Yofortierite (Perrault et
aI., 1975) and tuperssuatsiaite (a = 13.92, b =
17.73, c = 5.30 A., ~ = 104.78°;von Knorring et
al., 1992) are, in the order, Mn and Fe equivalent
of palygorskite. Even if the crystal structures of
these four minerals have not been explicitly deter-
mined, their chemical data and lattice dimensions
support the hypothesis of isostructurality with
sepiolite or palygorskite.

Besides the case of kalifersite, the flexibility
in building crystal structures offered by the struc-
tural modules of palygorskite and sepiolite comes
out particularly evident from the recent crystal
structure determinations of intersilite (Egorov- Tis-
menko et aI., 1996; Yamnova et aI., 1996) ((Na,K)
Mn (Ti,Nb)Nas(O,OH)(OHh[Si ,oOdO,OHh] .
4H20; a = 13.033, b = 18.717, c = 12.264 A., ~ =
99.62°, s. g. 12/m, Z = 4) and raite (Pluth et aI.,
1997) (Na3Mn3TioASis02oHOHh .10Hp; a =
15.1, b = 17.6, c = 5.290 A., ~ = 100.SO;s. g.
C2/m, Z = 2; Fig. 3). In intersilite, sepiolite-like
ribbons partially overlap along [010] thanks to te-
trahedral inversion within the same ribbon. The
overlap reduces the length of b to 18.7A., as com-
pared with 26.8 A.in sepiolite, and the supplemen-
tary tetrahedral inversion brings the periodicity
along c to 2.5 times (5 tetrahedra =12.3 A.)that of
the pyroxene-like tetrahedral chain.

Bridges between layer silicates

The presence of a continuous two-dimensional te-
trahedral sheet is a characteristic of phyllosili-
cates. In the stricto sensu phyllosilicates, this te-
trahedral sheet is associated with a continuous
octahedral sheet and only weak forces connect I : I
(TO) or 2: I (TOT) layers. Due to the misfit be-
tween tetrahedral and octahedral sheets, cases
showing either CO tetrahedral inversions [without

(e.g., antigorite) or with (e.g., sepiolite and paly-
gorskite) interruption of the octahedral sheet] or
(ii) interruption of the tetrahedral sheet (e.g., car-
losturanite; Mellini et al., 1985) are known (Gug-
genheim & Eggleton, 1988). Because of the
presence of strong bonds between the "layers",
cases (i) (inverted-layer silicates) are usually con-
sidered only lato sensu phyllosilicates (layer sili-
cates) .

The mentioned structure of raite (Fig. 3) con-
sists of a palygorskite-like framework, where each
[001] channel is partially filled with a row of iso-
lated Na-octahedra; this row, in its turn, is loosely
linked to octahedra of two (TOT)p ribbons through
Ti-octahedra which have only 1/8 occupany. Both
raite (Fig. 3) and kalifersite (Fig. 2) can be con-
sidered examples of lata sensu 2: I layer struc-
tures, where a (quasi, in raite) continuous octa-
hedral sheet is sandwiched between two inverted
tetrahedral sheets. In contrast with the true 2: I
layer structures, in raite and kaJifersite the tetrahe-
dral sheet is attached to a part only of octahedra,
i.e. mainly to those which do not contain alkalis.
That reflects the difficulty of fitting large alkaline
octahedra within the compass of the tetrahedral
sheet, even for strips which are only few rows wide.

Within a sepiolite/palygorskite (0 I0) slab one
ribbon wide, kalifersite (and approximately raite)
show, along r 100], a chJorite-Jike topology, i.e. a
TOTO 'TOT sequence; 0' represents the alkaJi
strip. On this basis and Zoltai's (198 I) proposal, a
further modular connection is established between
the P~\ polysomatic series described in this paper
(palysepiole series), the mixed-layer silicates and
the biopyriboles.

Conclusions

The application of the concepts of modular crys-
tallography, particularly polysomatic theory, has
allowed to obtain a structural model which is able
to explain the major characteristics of the new fi-
brous silicate kaJifersite and to connect them with
those of other lato sensu layer silicates.

It can be emphysized that, as already proved
[e.g., with nafertisite (Ferraris et aI., 1996b)], the
use in a broader sense of the basic concepts estab-
lished for the polysomatic series (Thompson,
1978) shows to be very fertile. Particular refer-
ence is made to the utilization of the topologic
characteristics of the building modules disregard-
ing, if the case, the real chemical composition.
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Actually, there are now several examples (Fer-
raris, 1997; Merlino, 1997) proving that the con-
cept (and the basic definition) of polysomatism
can be profitable applied, at least in silicates, just
considering essential features, like crystallo-
chemical data and geometry of the lattice. This in-
formation alone can disclose the presence, in the
studied material, of modules whose topology is al-
ready known.
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