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Ansrnlcr

The title compounds are isostructural stable phases that occur on binary joins of min-
eralogic interest: SiOr-KrMgO2, SiOr-KrZnOr, SiOr-KFeOr; a corresponding phase occurs
on the SiOr-KAlO, join. The structure has l4mm symmetry, with cell dimensions a :
8.957 A, c:5.281A (tutg phase). The eight Si plus Mg (or Zn,Fe) atoms per cell are
disordered over a single set of equivalent tetrahedrally coordinated sites. The tetrahedra
form four-membered rings further interconnected into six- and eight-membered rings with
two types of intervening large cavity sites: K2 sites between facing four-membered rings
are full, but Kl sites in large, square channels show a smeared out partial occupancy
probably caused by K-K repulsion.

The body-centered tetragonal tectosilicate (BCTT) structure is structurally related to
other major tectosilicates, though no natural occurrences are yet known.

INrnoluc:tloN

Binary joins from SiO, to K2MO2 (M : i|de, Zn, etc.)
and from SiO, to KRO, (R : Al, Fe3*, etc.) contain the
major structure types summarized in Table l. These are
all tectosilicates, with tetrahedrally coordinated divalent
or trivalent atoms incorporated in the 3-D framework.
Fundamentally they differ in the ratios of alkali cavities
to tetrahedra (from 1:l down to 0.25:l). Knowledge of
individual structures and their polymorphism varies from
detailed to vague.

For the structure type reported here, no crystal struc-
ture analysis has been published in the literature, though
as described in the next section, some previous crystal-
lographic data exist. Lacking a mineral name, this phase
is here termed BCTT for body-centered tetragonal tec-
tosilicate. The composition of BCTT phases is conve-
niently expressed as the K content per 4-O formula unit
(KJ[,,rSi2 ,,rOo or K"R,SI, *Oo). The known examples
of BCTT structures have K : ca. l.l-1.2.

Pnnvrous sruDy

In a study of the KAlSiOo-KAlO, join, Cook et al. (1977)
reported unit-cell dimensions and the X-ray powder dif-
fraction pattern (JCPDS 32-732) of a body-centered
tetragonal compound of estimated composition K, ,Al, ,-
Si' eO4. The I -atm phase relations along selected joins in
the system K-Mg-Fer+-[l-Si-O were reported by Roth
(1980a, 1980b). They found analogous tetragonal phases
on the binary joins KrMgOr-SiO, and KFeOr-SiO, and
on ternary sections between these joins. They estimated
phase compositions as K : 8/., in the K-Fe-Si-O system
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and K : lrinthe K-Mg-Si-O system. In addition to these
examples, we report here a BCTT phase at K : l.l on
the K,ZnOr-SiO, join.

Here we report the crystal structure of this BCTT phase
for the three title compositions. The tectosilicate struc-
ture that these compounds adopt has not been previously
reported, although its tetrahedral connectivity has been
inferred (Smith, reported in Roth, 1980b) to be of a type
earlier enumerated by Wells (1954) and Smith (1977).
Initial results of this study were reported in an abstract
(Ross and Dollase, l99l).

Sample preparation and characterization

Synthesis experiments on the Mg- andZn-beaing joins
were carried out over the interval K : 2 to K : l. To
study the effect of substitution of trivalent atoms, a few
selected compositions on the analogous Fe3+-bearing join
were also synthesized. Compounds were synthesized from
oxide mixtures pressed into pellets and heated in covered
platinumware in air to temperatures between 800 and
1200 "C for a few hours to a few days. At the highest
temperatures, melts were produced and crystals or-in
the Zn-beaing system-crystals and glass were recov-
ered.

The BCTT phase was produced along with other phases
in all 12 Mg-join experiments and all four Zn-join ex-
periments between K : 1.5 and K: 1.0. On the basis of
phase proportions and their changes with time and tem-
perature, it is estimated that the Mg-BCTT phase is the
single stable phase at about 1000 oC from about K : l.l7
to K : 1.10. Small consistent cell-dimension variations
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TABLE 1. Structure types on the joins S|O2-K2MO, and S|O2-KFO2

Structure M'z- composition F3+ composition

Stuffed cristobalite
BCTT (this study)
Kalsilite family (stutfed tridymite)
(Unnamed)
Leucite
Feldspar
Silica polymorphs

KrMgSioo-K, 5Mgo 75Si1 2sO4
K,,oMgorrSi ,4Oo
KrZnSi"O!
KrZnSi4Oi;
KrMgSi.O,rt
7

sio,

KAIOr-Kl 5Al,5sio5oo
Kl  1 ,Fe1 l rS iosso4
KAtSiO4
7

KAlSi,06
KFeSi.Ot
sio,

Note: M : Mg, zn, etc; R : Al, Fe3*, etc.
- Dollase and Ross (1993).

.* Kohara and Kawahara (1990).
t Kohn et al. (1991).

demonstrate that the BCTT phase is a solid solution. Syn-
theses on the Zn and Fe joins, though not performed at
such close intervals, are consistent with this estimated
solid-solution range. This composition range has a lower
K content than that suggested by Roth for the Mg join,
but it is in good agreement with previous values suggested
for the Al and Fe joins (Roth, 1980a, 1980b).

Electron microprobe analyses were made on several
samples cooled from melts at 1200'C. The mean of nine
analyses of a Mg sample of bulk composition K: l.l5
is K, ,or,r,Mgo ruo1u;Si, 0r.1.;Oo, and the mean of six analyses
of a second Mg sample of bulk composition K: 1.14 is
K, ,r,t,olM&ru,1rySi,0.,1.;Oo. From these analyses the most
probable composition (Dollase and Newman, 1984) on
the SiOr-tri.rMgO, binary join is K, ,.Mg rrSi, o.Oo, within
the analytical error of both samples. The mean of three
analyses of aZn sample of bulk composition K: l.l2 is
K, ,,0(*)Zoo rrrluySi, oorloyOo, which does not significantly de-
viate from the nearest binary join composition,
K, ,oZno rrSi, orOo. The mean of four analyses of an Fe
sample of bulk composition K : l l4 is K' '0,r,-
Fe,,r,,.,Siorn,,,Oo, yielding a closest binary join composi-
tion of K,,,Fe, r,Si.8eoo. A Miissbauer analysis of this
sample (Ross and McCammon, unpublished data) showed
that all Fe is Fe3+.

Mg.BCTT CRYSTAL STRUCTURE ANALYSIS

Single crystals were selected from crushed fragments of
the first of the two microprobe Mg samples and tested
for mosaic spread and absence of subsidiary reflections.
The best ofabout a dozen grains was selected for further
study. A set of 3646 reflections (one hemisphere, ft > 0)
was measured at room temperature in c., - 2O mode to
(sin O)/\ = 1.0 using graphite-monochromated MoKa
radiation (^ : 0.71969 A) on an Enraf-Nonius CAD4

TABLE 2. Crystal data for the BCTT phases

Composition
Space
group a (A) c (A) B (%)

diffractometer. The orientation ofthe crystal was checked
after every 300 measured reflections, and the intensities
of representative reflections checked every 2 h of expo-
sure.

Averaging of intensities in Laue class 4/mmm resulted
in 539 unique reflections with R-"*" : l.9o/o. There is no
indication of significant intensity differences between hkl
andkhlrcflections and no significant improvement in the
value of R*.*" using Laue class 4/ m. Tt'e set of reflections
indicates a body-centered lattice with no other systematic
absences. Cell dimensions (Table 2) were refined from
setting angles of 24 reflections, with 20 between 20 and
26'. The cell volume and microprobe analysis yield a
calculated density of 2.54 g/cm3, Z: 4, with unit-cell
content of li ruMgr rrsir 120,6.

A starting structure was inferred from crystal chemical
reasoning as follows: the short c-axis repeat of 5.3 A,
being just twice the length of a (Si,Mg)Oo tetrahedron
edge, suggests tetrahedra oriented with one edge nearly
parallel to c. The fourfold axis reproduces this tetrahe-
dron into four-membered rings, and the body centering
fixes the connectivity of the rings. The alkali atoms are
located in intervening large cavities.

The maximum symmetry of such an atomic array is
14/mmm. The diffraction symbol, however, allows five
different space groups, and all were explored. Of these,
only the structure in l4mm could be refined to a satis-
factory R factor (R : 4.2o/o). This particular space group
selection is further supported below. The refined l4mm
structure is reported in Table 3.

ZnlNI Fe3+ BCTT CRYSTAL STRUCTURE ANALYSES

The grains from the Zn- and Fe-bearing syntheses were
too small and intergrown for single-crystal structure anal-
ysis. Consequently, the structures of Zn and Fe3+ BCTT
were determined from X-ray powder data using the Riet-
veld method. The structure analyses took into account
the small amounts of contaminant phases whose struc-
tures had been previously determined from single-phase
X-ray data (Dollase and Ross, 1993; Dollase and Ross,
in preparation).

X-ray powder data were obtained using a STOE dif-
fractometer operating in transmission mode; details of
difraction hardware and data collection procedures are
described in Ross et al. (1990). For the Zn sample, data

K1 ,4Mgo s7Si,  4304
K, ,ozno srSi, .uO.
K,, ,Fe, , ,Sio""Oo
K,,Al ,  ,Sioeoi

8.957(1 )
8.939(1 )
9.1 02(1 )
8.943(1)

4.2
4.7
5.9

14mm
l4mm
14mm

2

5.281(1)
5.246(1 )
5.341(1 )
5.221(1)

' Cook et al. (19771.
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TABLE 3. Mg, Zn, Fe BCTT crystal-structure parameters

629

a
Ptz

2.56
2.40 K1
2.44
2
2 K 2
2
8 r
8 r -
8 r t
8
8 0 1
e
I
8 0 2
8

0 0.5
0 0.5
0 0.5
0 0
0 0
0 0
0.1805(1) x
0.1818(4) x
0.1818(2) x
0.2144(8) 0
0.2182(16) 0
0.2212(14) 0
0.2889(5) x
0.2872(171 x
0.2938(8) x

0.296(3)
0.324(38)
0.31 6(24)
0.4979(71
0.497(1 1 )
0.496(3)
0
0
0
0.0695(1 1 )
0.054(1 3)
0.079(3)
0.1914(14)
0.200(5)
0.1 80(2)

0
0
0
0
0
0

-0.001(0)
-0.001(1)
- 0.001(1)

0
0
0

-0.01s(2)
-0.00s(5)
-0.001(2)

0 006(0) 0.017(2)
-0.00s(3) 0.018(5)

0.004(3) 0.001(2)
0.01 1(0) 8.,
0.014(1) A,,
0.004(1) 8,,
0.008(0) 8,,
0.008(1) 0,,
0.006(1) a,.
0.027(1) 0.01 1(1 )
0 014(4) 0.013(3)
0.01e(3) 0.005(2)
0.025(1) A,,
0.019(4) A,,
0.007(1) 8.,

0 0
0 0
0 0
0 0
0 0
0 0
0.002(1) 0,"
0.007(5) 0,"

-0.005(3) 0,"
0.009(3) o
0.01 5(1 1) 0
0.00s(4) 0
0.009(1) fl.a

-0.009(10) a,"
-0.006(4) F,"

0.33(1)
0.57(1 3)
0.48(5)
0.023(0)
0.027(6)
0.014(3)
0.021(0)
0.022(3)
0.021(21
0.052(2)
0.1 78(39)
0.058(1 2)
0.03e(2)
0.0s9(1 8)
0.028(6)

ivote: Parameters for each atom listed in order: Mg BCTT, Zn BCTT, Fe BCTT. Anisotropic displacement form: exp[-(811 h2 + P22'k2 + P$ 12 +
p,2.hk + pB hl + B4+kt)1.- T:2.28M9 + 5.72Si.

" T: 2.20z'n + 5.80Si.
I T: 4.44Fe + 3.56Si.

were obtained to 140" 20 with a data interval of 0.02. 2O
using CuKa radiation. A measured absorption coefrcient,
pt:0.82, was applied during refinement. Calculated den-
sity for Zn BCTT is 2.91 g,/cm3, with unit-cell contents
of KooZnrrSirrO,u. Because of fluorescence, the diffrac-
tion pattern of the Fe sample was measured to the same
limit and data interval, using CoKa radiation. The mea-
sured absorption coefficient was 0.91. Calculated density
for Fe3+ BCTT is 2.92 g/cm3, with a unit-cell content of
lLo ooFeo ooSi, ,uO,u.

Rietveld reflnement was perfbrmed using a slightly
modified version of the program DBW (Wiles and Young,
l98l). The Zn sample refinement included 19 pattern
parameters: (2@-zero point, six background coemcients,
three peak-width coefficients, pseudo-Voigt mixing term,
peak asymmetry term, two tetragonal and three ortho-
rhombic unit-cell parameters, and two scale factors), 24
structural parameters for the BCTT phase, and an overall
thermal factor for the contaminant orthorhombic phase.
Identical peak width and shape parameters were assumed
for both phases. Initial structural parameters were taken
from the Mg BCTT refinement. Refined structure param-
eters for Zn BCTT are included in Tables 2 and 3. The
estimated standard deviations include the effect of serial
corelation (Berar and Lelann, 1991). Final refinement
indices are Re : 4.7o/o and Ru-* : 7.9010. Refinement of
the Fe sample involved essentially the same variables,
except that two minor phases were present. Final refined
structure parameters are included in Tables 2 and3, again
including the effect of serial correlation. Final refinement
indices are Re : 5.90lo and Ru,^n: 7.3o/o.

Dnscnrp"rroN oF THE srRUcruRE

In the BCTT structure the eight Si plus Mg (or Zn,Fe)
atoms per cell are disorderd over a single set of equiva-
lent, tetrahedrally coordinated sites. The SiOo and MgOo
(or ZnOo,FeOo) tetrahedra are connected by sharing all

four O corners with other such tetrahedra to form a tec-
tosilicate framework. The smallest circuit of connected
tetrahedra is a four-membered ring, whose plane of T
(tetrahedrally coordinated) atoms parallels (00 l). Tetra-
hedra within the ring are connected by Ol atoms and
have an outer edge of 02 atoms oriented roughly parallel
to the c axis. Each apex of this edge is connected to an
equivalent four-membered ring related to the first one by
the body-centering operation. Each four-membered ring
is thus surrounded by eight other four-membered rings,
as shown in Figure l.

There are large interframework cavities of two distinct
types. The two K2 sites per cell lie between parallel four-
membered rings and are fully occupied. The K atoms on
these sites are coordinated by eight O atoms, which form
an approximate Archimedian antiprism. A second type
of K site, Kl, is in the large, nearly square channels that
run continuously along the c axis with little change in
diameter (Fig. 1a). Figure 2 shows the distance to closest
O atoms for a channel-center atom located at various
fractional positions, zKt, alor;rg the c axis. There is a range
of channel locations having the same number of similar
length bonds, which yield an approximately constant
bond-strength sum (Brown and Altermatt, 1985). The Kl
atoms are found in the square channels along this region
of near-constant coordination. In the structure refine-
ments, the alkali distribution has been approximated by
a single atom located near the center ofthis region, with
an extremely anisotropic displacement ellipsoid. Along
the [001] channel direction, Kl displacement is about
four times its displacement across the channel.

The four Kl sites per cell are not fully occupied. On
the basis of electron microprobe analyses, they are as-
signed as 2.56 K atoms in Mg BCTT, 2.40 K atoms in
Zn BCTT, and 2.44 K atoms in Fe BCTT. Trial site-
occupancy refinements yield similar values without sig-
nificant improvement of the R factors.

Positional disorder of the Kl atoms probably helps es-
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Fig. 2. Distance, number ofbonds, and sum ofbond strengths
from O atoms to Kl atom for various channel locations, z*', in
Mg BCTT. The hachured areas represent the observed Kl dis-
tribution.

is too short for K atoms; partial occupancy ofthe channel
sites relieves that difficulty.

The highly elliptical Kl distribution is repeated by
symmetry every c/2 along the channel. Although the dis-
tance between centers of consecutive distribution ellip-
soids is too short to be an acceptable K-K separation, the
distance from the end of one ellipsoid to the far end of
the next ellipsoid is probably acceptable (3.25 A). If the
ends of the two ellipsoidal distributions along the channel
in each unit cell are serially labeled as ab cd, then the
closest acceptable packing of K atoms would be Ab cD
ab Cd aB cd . . ., (upper case indicates occupied sites).
This simple model predicts a maximum of four K atoms
per three unit-cell lengths of channel and a composition
of K: 1.167, which is (perhaps fortuitously) close to the
observed K-rich limit.

The minimum K content of BCTT solid solution would
not seem to be structurally limited. A 500/o filling of the
channel sites-for which close contacts could be avoided
by alternate sites being empty-corresponds to K : 1.00.
However, at this composition, in all the systems studied
the BCTT phase is replaced by a hexagonal (or pseudo-
hexagonal) kalsilite-related phase. The observed BCTT
composition range then conesponds to the relatively small
range of square-channel fi lling of about 60-67 o/o.

In l4mm, as well as the other space groups allowed by
the diffraction symmetry, the tetrahedral-site atoms are
disordered. Lack of long-range tetrahedral ordering is
consistent with the complex disparate compositional ra-
tios (Me/Si : 2.3/5.7, Fe/Si : 4.4/3.6) of the various
BCTT compounds. Strong short-range ordering is, how-
ever, revealed by "Si MAS NMR spectra of these com-
pounds, which will be reported in detail elsewhere (Dol-
lase et al., in preparation).

The l4mm-averaged tetrahedral site is quite regular, as
shown by the interatomic distances and angles given in
Table 4. Mean T-O distances may be compared with val-
ues taken from the Inorganic Crystal Structure Database
(Bergerhoffet al., 1983): Mg-O : 1.96, Zn-O: 1.95 A.
A I41Fe3+-O distance of 1.87 A was taken from Brown

t_a2

b)

a1
Fig. l. Polyhedral drawing of BCTT crystal structure using

Atoms (Dowty, 1989); Kl atoms are shown stippled, K2 as open
circles. (a) View nearly along the c axis; (b) view nearly along
the a axis.

tablish local charge balance disrupted by the disordered
Mg(Zn,Fe)-Si distribution. The positioning of the Kl at-
oms along the square channels is facilitated by there being
a region with relatively small diferences in channel di-
ameter, but it is also related to the total number of alkali
atoms that these channels must accommodate. If the Kl
sites were completely filled (requiring a different Mg/Si
ratio), the composition would be K : 1.50. However, the
Kl atoms would then be packed in the channels with a
separation of only c/2 (2.6-21 A; trom each other, which

8
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T-O1 1.688(2) 2x
-o2 1.707(6)
-o2 1.677(7)

Mean : 1.690
01-T-O1 107.4(4)
01-T-O2 108.3(4) 2x
O1-T-O2 109.8(3) 2x
o2-T-O2 113.0(3)
r-o1-T 147.2(4)
r-o2-T 139.7(4)
K1-O1 2.827(10) 2x

-O1 2.941(10) 2x
-O2 3.256(5) 4 x

K2-O1 2.971(7) 4x
-O2 2.866(5) 4x

TABLE 4. Selected interatomic distances (A) and angles (')

Mg BCTT Zn BCTT Fe BCTT
a)

l l  la l

b)

l l  la l
Fig. 3. Projections on (1 10) of(a) the aristotype, and (b) the

actual BCTT stmcture. Dashed lines indicate bonds to a K2
atom (stippled circle) from Ol and 02.

lying directly on the (l l0) mirror plane, whereas the un-
shaded tetrahedra lie just above or below this mirror. In
this configuration, a Kl atom (as shown) would be 16-
fold-coordinated with K-O bond lengths of 3.3 and 3.4
A. Soth the coordination number and distances are sub-
stantially larger than typical K environments (see, e.9.,
Smyth and Bish, 1988).

In the real structure (Fig. 3b), the TOo groups rotate in
(ll0) by about 20" from their fully extended lL/mmm
configuration. Through corner sharing, rotation of one
tetrahedron in a chain causes a counter rotation of the
next tetrahedron, and so on. This pattern of rotation
moves half the coordinating 01 and 02 atoms toward a
K2 atom and half away (toward another K2 atom in an
adjoining cage). As a result, the coordination number of

1 .681 (1 2)
1.697(20)
1 .619(26)
1.670
1 1 0.2(1 8)
1 09.0(20)
1 07.1 (23)
1 14.3(1 1)
150.4(29)
142.3(12)
2.7e(9)
2.89(1 0)
3.26(4)
3.03(7)
2.e0(3)

1.74s(5)
1 734(8)
1.736(9)
1.740
109.4(6)
107.7(6)
10e.4(5)
1 13.4(4)
1 43.1 (8)
134.2(5)
2.e0(6)
2.84(5)
3.35(2)
3.00(2)
2.83(1)

and Altermatt (1985). Combining these values with a dis-
tance of l.6l A for Si-O yields expected mean T-O bond
lengths of 1.71, 1.70, and 1.75 A for the Mg,Znand Fe3+
BCTT phase, respectively. The observed mean values
(Table 4) are close to, but uniformly slightly shorter than,
those expected. Correction of the BCTT observed dis-
tances for correlated thermal (and positional disorder)
displacement would slightly increase the instantaneous
T-O values, further improving the agreement.

Displacement ellipsoid axial lengths, orientations, and
equivalent isotropic temperature factors may be calculat-
ed from the anisotropic displacement coefficients includ-
ed in Table 3. Values derived from powder data are sim-
ilar to the Mg-BCTT values discussed below but are much
less precise. Displacement amplitudes are large because
of the disorder. Because Mg-O bond lengths differ from
Si-O bond lengths by about 0.33 A, there must be dis-
order displacement of individual T and O atoms of at
least half this difference.

Cations show relatively isotropic displacement ampli-
tudes (with the exception of the Kl distribution discussed
above). O atoms, on the other hand, show the expected
anisotropy resulting from the framework connectivity in
which the shortest displacement axis tends to parallel the
T-T vector, the intermediate axis tends to lie in the T-O-T
plane normal to T-T, and the longest axis tends to be
normal to the T-O-T plane. This model is followed ap-
proximately in the BCTT structure; for the Mg com-
pound, the shortest Ol displacement axis is along the T-T
vector, the longest axis is normal to the T-T vector, and
similarly, the longest displacement axis of 02 is normal
to the (l l0) plane, which contains the T-O2-T linkage.

Srnucrunn coMpARrsoN AND syMMETRy

The structural changes with composition are related to
the distortion of the real structure from the aristotype.
The reduction from the highest possible symmetry of this
framework (14/mmm) to that observed (I4mm) results
from the rotation ofthe tetrahedra in (ll0) about the T
atoms. Figure 3a shows a section through the ideal 14/
mmm stnrcttre along (l l0). Shaded tetrahedra are those
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K2 atoms decreases to 8, with K-O bond lengths becom-
ing 2.9-3.0 A. These values are typical for K in silicates
(Smyth and Bish, 1988).

In addition to accommodating the K2 bonding require-
ments, this rotation also reduces the T-O2-T angle from
180 to about 140", making it similar to the T-Ol-T angle
in the same structure and to T-O-T angles usually found
in framework silicates. Because of the (mean) tetrahedron
size diferences, the amount of rotation differs for the
three compounds: I 9.7' for Zn BCTT, 20. 5" for Mg BCTT,
and 24.5 for Fe3* BCTT.

Such tetrahedral rotation, satisfying the K2 bonding, is
not possible in l4/mmm nor in any of the tetragonal sub-
groups other than l4mm. In each of those cases, the TOo
group is fixed by symmetry and unable to rotate, or in
the case of 142m, the tetrahedron could rotate but only
about the Ol atom (which is constrained to lie on a two-
fold axis), and such rotation would not change the K2-
Ol distance.

The minor cell dimension differences and the striking
similarity of the Mg BCTT powder pattern with the pub-
lished powder pattern of the isoelectronic Al-bearing phase
(Cook et al., 1977) suggest nearly identical crystal struc-
tures, albeit with different tetrahedral site occupancies.
X-ray powder diffraction patterns of the three com-
pounds reported here have been deposited in the JCDPS
powder diffraction data file.

Tnrnc.HnrRAL coNNEcrrvrry: Pnrvrous sruDrES

Wells (1954) derived a large number of possible three-
dimensional, four-connected nets, including the net with
the connectivity of the BCTT phase (his Table 2, net no.
7; see also his Fig. l2). At that time there were no known
structures with this tetrahedral connectivity. Smith (1977),
in an enumeration of three-dimensional, four-connected
nets, also listed the symmetry Q4/mmm) and approxi-
mate cell dimensions of a tetrahedral net of this connec-
tivity (his net no. 3). Smith (quoted in Roth, 1980b) not-
ed that the tetragonal phase ofCook et al. (1977) could
correspond to Smith's net no. 3; this prognosis is here
confirmed.

Smith (1977) noted this net type was found in mono-
clinic CaAlrSirO, (Tak6uchi et al., 1973). The Ca com-
pound has space group P2,, a proper subgroup of the
space group ofthe ideal tetrahedral linkage. Substitution
of Ca for K results in partial framework collapse around
the smaller (sixfold- to sevenfold-coordinated) Ca atoms
as well as major site occupancy differences. There are
only about 0.48 Ca atoms per four-O formula unit com-
pared with l.l4 K in Mg BCTT. The K2 site between
two facing four-membered rings, though completely filled
in the BCTT structure, is highly distorted and empty in
the Ca-bearing structure. All Ca atoms are found in the
[001] channels. In Mg BCTT, the (Kl) channel sites are
abott 640/o frlled, whereas in the Ca compound the anal-

DOLLASE AND ROSS: BODY-CENTERED TECTOSILICATES

ogous channel sites are about 480/o filled. The positions
of the atoms along the channels also markedly differ in
the two structures.
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