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Abstract The crystal structure of a magnesian cronstedtite-2H2 from P~l'bram, Czechoslovakia, was re- 
fined in space group C 1 to a residual of 5.4% with 1832 independent reflections. Tetrahedral ordering be- 
tween Fe a+ and Si is judged to be complete on the basis of electron density maps, the first confirmation of 
such ordering in a layer silicate. Octahedral cations are disordered on the M sites. Mean T-O bond lengths 
do not confirm the tetrahedral ordering, perhaps due to tetrahedral distortion in order to relieve the extreme 
corrugation of the sheet that would arise from ordering of such different size cations. 

In the initial stages of refinement the structure of the crystal under study could not be described ade- 
quately on the basis of a single 2H2 polytype. The structure contains two kinds of 2Hz domains that appear 
shifted by b/3 relative to one another due to a mistake in the interlayer stacking sequence. This mistake of 
zero shift (the normal 2H~ polytype consists of alternating -b/3 and +b/3 shifts) affects only the tetrahedral 
sheets. It creates adjacent enantiomorphic domains of 2H z packets such that domains with small Si tetra- 
hedra sit above larger FeZ+-rich tetrahedra and vice versa. This mechanism to relieve strain may indeed 
be the cause of the stacking mistakes. A third kind of domain contains regions in which the sense of tet- 
rahedral rotation is reversed, giving rise to split basal oxygens on electron density maps. This multiple 
domain model best explains extra atomic positions observed on Fourier maps, lack of streaking of k ~ 3n 
reflections, and possible nonintegral "satellitic" reflections observed on Weissenberg films. 

Key Words Amesite, Atomic positions, Cation ordering, Cronstedtite, Crystal structure, Iron, Serpen- 
tine. 

INTRODUCTION 

Crons t ed t i t e  is a t r ioc tahedra l  1 : 1 layer  s i l icate  
with the ideal end member composition of (FC+2Fe :~§ 
(SiFe:~+)O:,(OH)4. It typically occurs in low-tempera- 
ture hydrothermal  veins associated with siderite, 
pyrite, sphalerite, and quartz (Frondel, 1962). Cron- 
stedtite also has been reported in carbonaceous  
chondrites (Mfiller et al., 1979; Barber, 1981). Gole 
(1980) reported a possible occurrence of cronstedtite in 
an assemblage of low-temperature retrograde minerals 
found in a metamorphosed Australian iron formation of 
Archean age. 

The various polytypes of cronstedtite, eight of which 
have been described in the literature, are formed by 
stacking the 1:1 serpentine layers in different manners, 
as described by Bailey (1969). Cronstedtite is a very 
iron-rich layer silicate, even more so than greenalite 
[approximately Fe~Si2Os(OH)4], in that it has ferric iron 
in tetrahedral coordination in addition to the iron in oc- 
tahedral coordination. The presence of tetrahedrally 
coordinated ferric iron has long been recognized in some 
layer silicates. Various synthetic phases, such as the 
iron mica of  composition KFe2+3(Si3Fes+)O10(OH)2 de- 
scribed by Donnay et al. (1964), rare phlogopites of 
composi t ion (K0.gMn0.a)Mg3[Si3(Fe3+,Mn)O10(OH) 2 
(Steinfink, 1962), and the rare, brittle mica anandite 
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(Pattiaratchi et al., 1967) contain significant amounts of 
tetrahedrally coordinated Fe 3+. Inasmuch as Si and Fe z+ 
occur in a favorable tetrahedral ratio ideally near 1:1 
and have radically different effective ionic radii in tet- 
rahedral coordination, 0.26 A and 0.49 A (high spin), 
respectively (Shannon, 1976), the possibility of tetra- 
hedral ordering should be investigated in cronstedtite. 

In the 2H2 polytype of Bailey (1969) there are alter- 
nating interlayer shifts of  - b / 3  and +b/3 and alternating 
occupation of the I and II sets of octahedral positions 
in successive 1:1 layers. The 2H2 polytype of cronstedt- 
ite is essentially isostructural with amesite-2H2, another 
1:1 layer silicate which has an ideal composition of 
(Mg2AI)(SiA1)Os(OH)4. Two structural analyses of 
amesite-2H2 have indicated tetrahedral ordering of  A1 
and Si (Hall and Bailey, 1979; Anderson and Bailey, 
1981). The 2H2 polytypes of both cronstedtite and 
am~site are ideally hexagonal and of space group P63, 
but it will be shown that cation ordering and/or minor 
distortions in the structures have lowered their sym- 
metries to subgroup P1. Hence, both structures are 
highly pseudosymmetric. 

This paper reports an X-ray structural analysis arLd 
refinement of a 2Hz polytype of cronstedtite based on 
1832 counter-collected reflections. Previous work has 
concentrated on other polytypes and has used a limited 
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number of film-collected data (Steadman and Nuttall, 
1963, 1964). These studies described partial refine- 
ments of IT, 3T, 2H1, and 6R2polytypes. No tetrahedral 
or octahedral ordering was found in the corresponding 
ideal space groups P3 lm; P3~, P6~cm, and R3, respec- 
tively, of these cronstedtites. Steadman and NuttaU 
(1964) also described a two-layer cronstedtite of space 
group P63 from Wheal Maudlin, Cornwall. This is the 
2H~ polytype, but no attempt was made at refinement. 
Steadman and NuttaU also noted that twinning and 
stacking mistakes are common in many cronstedtite 
polytypes, and that the 2T (P31c), 2M2 (Cc), and 1M 
(Cm) polytypes are present only as small twinned re- 
gions within other structures. 

FILM-DATA REFINEMENT 

As the first stage in the present study, two-dimen- 
sional hOl and Okl Weissenberg film data were collected 
for a 2H2 polytype of cronstedtite from P ~ r a m ,  Bo- 
hemia (Czechoslovakia), specimen 472:1 of the Colo- 
rado School of Mines collection kindly furnished by 
J. J. Finney. Only one 2H2 crystal could be found on 
the hand sample. This crystal had a distinctive ovoid- 
to barrel-shaped morphology with flat (001) surfaces and 
serrated edges. The same crystal was used for X-ray 
diffraction data collection and later for an electron probe 
study. The electron probe analysis yields the following 
structural formula 

(Fe~+1.640Fe3+0.4s~Mg0.70~Mn2+0.1~Ca0.002) 
(Si 1.~14Fe3+o.4s~,Alo.o01)O~(OH)~. 

It was assumed in this allocation that R ~+ in tetrahedral 
coordination is balanced by an equal amount in octa- 
hedral coordination. This formula differs from the ideal 
in the smaller amount of Fe z+ plus the presence of sub- 
stantial Mg. It shouldbe called a magnesian cronstedt- 
ite. 

All X-ray diffraction reflections from this crystal 
proved to be remarkably sharp for a layer silicate, with 
no streaking of k ~ 3n reflections. In contrast, most 
crystals of  other polytypes of  cronstedtite examined in 
this study showed various amounts of  streaking of  the 
k ~ 3n reflections, indicative of stacking mistakes. The 
lattice determined from the film data was dimensionally 
hexagonal, with no doubling of  spots of the sort used 
to indicate twinning by Steadman and Nuttail for some 
of  their crystals. Because of the jet black color of the 
crystal, optical observation~ of twinning by reflected or 
transmitted light, even with ultra-thin sections, proved 
impossible. Therefore, twinning of the type that exactly 
superimposes reflections could not be ruled out. "A few 
extra spots observed on hkO Weissenberg films were 
suggestive of non-Bragg satellites, except that they were 
not located symmetrically about their companion Bragg 
reflections. These were ignored in the structural refine- 
ment. 

The intensities of reflections on fiauRi-film Weissen- 

berg photographs taken with MoKct were measured by 
visual comparison with standard intensity scales, then 
corrected for Lp and absorption factors. Initial least- 
squares refinement of the film data using the ORFLS 
program was performed in the ideal space group P63 
because of lack of evidence indicating lower symmetry. 
The final mean T-O bond lengths and electron density 
maps indicated ordering of tetrahedral Fe ~+ into site T(1) 
and of Si into site T(2). Ordering of the octahedral Fe 2+, 
Fe Z+, and Mg is not possible in P6z symmetry. The re- 
sults of refinement to a residual R value of 12.6% were 
reported by Henry (1974) and of  further refinement to 
R = 10.2% by Bailey (1975). 

During this preliminary study it became apparent that 
ordering of  Si and Fe z+ in tetrahedral sites can lead to 
an ambiguity in cursory identification of the 2H 1 and 
2H2 polytypes. Ideally, the 2H2 polytype of symmetry 
P63 is identified by the 2-layer periodicity evident in Okl 
reflections with k # 3n (orthohexagonal indexing) due 
to the presence of  I = even and l = odd reflections, 
whereas in the 2H1 polytype of symmetry P63cm the 
1 ~- odd reflections of this type are systematically ab- 
sent. Ordering of tetrahedral Fe 3+ and Si would reduce 
the symmetry of the 2H1 polytype to P63, however, and 
the different scattering powers of Fe and Si would pro- 
duce weak l = odd reflections. Calculations for the 2H~ 
polytype show that for reflections with orthohexagonal 
indices of type 02/ all of the l = even intensifies in- 
crease regularly and the l = odd intensities decrease 
regularly as the amount of Fe 3+ in site T(1) is increased. 
For the 2H1 polytype the intensifies of the l = even re- 
flections are not affected by the ordering, but those for 
l = odd increase with the amount of  Fe z+ in T(1), al- 
though always remaining less than those with l = even. 
A precautionary refinement of the experimental data 
treating the structure as an ordered 2H1 polytype showed 
that the crystal used in this study is truly a 2H2 poly- 
type. This is evident also from the fact that the observed 
intensities of the Okl reflections of type k ~ 3n with I -- 
odd are too strong relative to those with 1 = even for 
the ordered 2H~ model. It is still possible, however, that 
stacking mistakes leading to small regions of 2Hj can 
exist in the crystal. 

COUNTER-DATA REFINEMENT 

Refinement of the isostructural 2H~ polytype of 
amesite from two different localities by Hall and Bailey 
(1979) and Anderson and Bailey (1981) subsequent to 
the initial refinement of cronstedtite-2Hz showed that 
amesite crystals are universally twinned on (001), have 
individual twin sectors that are anisotropic with 2V 
values near 18 ~ and are distorted slightly to triclinic 
unit-cell geometry. Cronstedtite-2H2, with a different 
ordering pattern than amesite-2H~, is not distorted geo- 
metrically, but its black color prevents optical confir- 
mation of its symmetry or twinning. However, the 
combination of  the amesite results, the observation that 
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Table I. Unit-cell parameters for cronstedtite-2H~ from Pfi- 
brain, Czechoslovakia. 

Parameter Henry (1974) 1 This study 2 

a 5.473/~ 5.472(8)/~ 
b 9.467(19) A 
c 1 4 . 2 5 7 / ~  1 4 . 2 4 1 ( 3 9 ) / ~  
a 90.015(20) ~ 
/3 90.0 ~ 90.042(18) ~ 
3' 89-952(15) ~ 
V 737.72(28) A :~ 

1 Determined from film using 0 method of Weisz et al. (1948) 
and based on hexagonal symmetry, space group P63. 

2 Obtained from a least squares best fit of 15 medium to 
high-angle reflections collected on an automated P21 Syntex 
Diffractometer, and based on space group C1. 

the cronstedtite mean T-O bonds lengths were not in 
good agreement with those expected for the bulk tet- 
rahedral composition, and our inability to refine the 
cronstedtite film data below a residual of 10% led to 
further study. 

The intensities of six reflections that should be equiv- 
alent in hexagonal symmetry were collected by a scin- 
tillation counter on a Syntex P21 diffractometer for the 
same crystal used in the film-data refinement. The ob- 
served 1.1 ratio between the largest and smallest inten- 
sities of these six reflections indicated an approxima- 
tion to hexagonal symmetry, The large parent crystal 
then was cut into 20 smaller fragments, and the inten- 
sities of the same six reflections were collected for each 
fragment. Intensity ratios varying from 1.1 to 1.4 were 
recorded, suggesting that variable amounts of twinning 
are present in these fragments and that the normal and 
twin reflections exactly superimpose because of the 
metrically hexagonal unit cell (Table 1). From the in- 
tensities it was determined that the true symmetry is 
triclinic, although not far from monoclinic, and that the 
position of true Y* could be determined by recognition 
that the 20/intensities are quite different than those of 
the related 131 and 151 reflections. 

The crystal fragment showing the greatest deviation 
from hexagonal symmetry among the six monitored re- 
flections was chosen for detailed study. For ease of 
comparison with amesite-2H2, the structure was in- 
dexed using an orthohexagonal cell of space group C 1. 
Unit-cell parameters (Table 1) were determined by least- 
squares refinement of 15 medium- to high-angle reflec- 
tions on a Syntex P2~ automated single crystal diffrac- 
tometer. In contrast to amesite-2H2, the unit cell of this 
cronstedtite-2H2 is metrically orthorhombic with/3 = 
90 ~ . 

The intensity data were collected in the 20:0 variable- 
scan mode using graphite-monochromatized MoKct ra- 
diation. A total of 1832 non-zero reflections were mea- 
sured in four quadrants of the limiting sphere 0 ~ < 20 < 
60 ~ . Crystal and electronic stability were checked after 

every 50 reflections by monitoring a standard reflec- 
tion. Reflections were considered observed if I > 2o-(I), 
where I was calculated from I --- [S - (B1 + B2)/ 
Br]Tr, with S being the scan count, B1 and B2 the 
background on each side of the peak, Br the ratio of 
background time to scan time, and Tr the 20 scan rate 
in degrees per minute. Values of o-(I) were calculated 
from standard counting statistics. Integrated intensities 
were corrected for Lorentz and polarization effects, and 
for absorption by the empirical tO scan technique. 

Initial atomic coordinates from Bailey's (1969) ideal 
2H2 model were used as the starting points for a full 
least-squares refinement of the reflection data in tri- 
clinic symmetry. The least-squares program ORFLS 
was used at the start of the refinement, Isotropic tem- 
perature factors of 0.6, 0,8, and 1.5 were assigned to 
the 28 T, M, and anion sites in the asymmetric unit. 
Using the results of the microprobe analysis, atomic 
scattering factors were calculated from the values re- 
ported in the International Tables for X-Ray Crystal- 
lography. It was assumed that all atoms were one-half 
ionized and that no cation ordering was present. The 
tetrahedral cation T(1) was kept stationary during re- 
finement in order to fix the origin in this noncentrosym- 
metric structure. Late in the refinement the sense of the 
Z axis was determined by comparison of observed and 
calculated structure amplitudes. 

Refinement was initiated using tr weights, and after 
one least-squares cycle Rw equaled 29.5%. After a num- 
ber of cycles in which the scale factor and the atomic 
coordinates x, y, and z were varied, the Rw factor 
dropped to roughly 19%. After several more cycles in 
which the isotropic B values also were varied, Rw 
dropped to approximately 16%. At this point, because 
of the high values of Rw, it was obvious that the struc- 
ture was not entirely correct. Electron density maps 
were made at various sections along the Z axis, there- 
fore, using as input the atomic coordinates from the least- 
squares refinement with the smallest R factor. AnOm- 
alous extra peaks at the levels of the tetrahedral cations 
appeared at approximately x = 0.0, y = 0.66, z = 0.04, 
at x = 0.0, y = 0.32, z = 0.55, and at their symmetry- 
related equivalent positions. These peaks appeared to 
represent " twin"  domains in which T(1) and T(11) were 
shifted by b/3; they were designated as atoms TwT(1) 
and TwT(11), respectively. Also, it was observed that 
the electron densities for the hydroxyl groups and the 
apical oxygens in the octahedral sheet were greater than 
those of the basal oxygens. Additional electron density 
and difference electron-density maps were constructed 
using F0 and Fo values that had been through only one 
least-squares cycle. This time extra electron-density 
peaks appeared also at z --- 0.0 and 2 = 0.50, the level 
of the basal oxygens, and the observed electron den- 
sities at the T(1) and T(11) positions were too large based 
on the proposed ordering pattern. Consequently, two 
extra " twin"  tetrahedral positions [TwT(2) an~ Tw- 
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Figure 1. Projection onto (001) of the tetrahedral sheet in the 
first layer. Extra tetrahedral cations in out-of-step domains are 
designated by small solid circles and extra basal oxygens by 
larger solid circles. 

T(22)] were added to the structure as being coincident 
with T(1) and T(11) of the average structure. These two 
positions also are required to coordinate with the extra 
basal oxygens jus t  noted above [designated TWO(3), 
TWO(4), TWO(5), and TWO(33), TWO(44), TWO(55)] and 
their tetrahedral cations [TwT(1) and TwT(11)]. All of 
these extra " twin"  positions occur in a set of anoma- 
lous domains in which each tetrahedral sheet is out-of- 
step by b/3 relative to the rest of the structure. Octa- 
hedral sheet positions in the domains coincide with those 
of the normal 2H2 structure. Figures 1 and 2 illustrate 
the " twin"  positions in each 1:1 layer. 

Refinement was continued with the eight additional 
atomic positions, a total of 36 in the asymmetric unit. 
Multiplicities of the additional positions that did not 
overlap were set initially at 0.30 (Tw positions). All 
atomic positions that did coincide had multiplicities set 
equal to 1.3; these included all apical O, OH groups, M 
cations, T(1), and T(11). On the basis of  electron den- 
sity maps Fe  3+ was ordered into T(1) and T(11) and into 
the two additional cation positions that did not overlap 
with the normal tetrahedral positions, i.e., TwT(1) and 
TwT(II). After several least-squares cycles the R factor 
dropped to -11.5%.  Other ordering patterns produced 
a small rise in the R factor. At this stage refinement was 
switched to unit weights, as this has been found to give 
better convergence for other layer silicate structures. 
Also, isotropic B values were allowed to vary from their 
ideal starting values. The  R value dropped to 9%. Iso- 
tropic B values of  the basal oxygens were larger than 
those of the apical oxygens, 2.2 to 2.6 vs. 1.1 to 1.4. 
Bond lengths, however,  did not indicate ordering offer- 
tic iron and silicon in the two independent tetrahedra. 
Mean T-O bond lengths for all tetrahedra were 1.68/~ 
to 1.70 ~ .  Moving basal oxygens to positions in accord 
with bond lengths,~calculated from ionic radii listed in 
Shannon (1976) had negative results, as the least-squares 

Figure 2. Projection onto (001) of the tetrahedral sheet in the 
second layer. Symbols as for Figure 1. 

program moved the oxygens back to their former po- 
sitions. Electron density maps constructed at that time 
continued to confirm ordering of tetrahedral Si and Fe  3+, 
but did show some electron smearing (i.e., positional 
disorder) for the basal oxygens. 

At this point in the refinement many problems de- 
veloped with the use of program ORFLS.  First ,  the 
multiplicities of the various extra positions when varied 
did not remain equal; values ranged from 0.05 to 0.30. 
Hence,  electron densities of  these sites also became a 
function of the given multiplicity. It was crucial to de- 
termine the actual proportion of both sets of  positions 
so that the ordering scheme could be verified. Second, 
isotropic thermal parameters  varied greatly between 
similar atoms (basal oxygens) and were unrealistically 
large. Third, tetrahedral bond lengths were erratic and 
varied in no systematic manner in accord with the or- 
dering pattern. 

Upon the recommendation of Professor L. F. Dahl 
of the University of Wisconsin Chemistry Department,  
a second refinement was started with the recently writ- 
ten and more flexible least-squares program RAELS (by 
A. D. Rae, Department of Chemistry, University of New 
South Wales, Sydney,  Australia). This refinement was 
based on F 2, instead of F as in ORFLS,  which allows 
proper consideration of any twin or domainal models 
involving exact coincidence of reflections and also gives 
more emphasis to high-angle data. The same starting 
parameters were used for this refinement as were used 
with the ORFLS refinement. Sigma weights (1/o -2) were 
assigned to all reflections during all stages of refine- 
ment. Also, slack constraints were constructed such that 
certain bond lengths remained nearly equal; i.e., all 
T-Oh bonds were held in rigid groups for a given T s i te - -  
T(1), T(22), etc. so that their lengths remained approx- 
imately equal during refinement. However ,  T-O a bond 
lengths were set independent of T-Oh bond lengths, as 
these bond lengths commonly differ in layer silicates. 
M-O,OH bond lengths also were set within specified 
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Figure 3. Projection onto (001) of the tetrahedral sheet in the Figure 4. Projection onto (001) of the tetrahedral sheet in the 
first layer to illustrate the split basal oxygens, second layer to illustrate the split basal oxygens. 

limits. Multiplicities of all M sites, OH sites, apical oxy- 
gen sites, T(1), and T(11) were set equal to 1.0. Multi- 
plicities of T(2), T(22), and all basal oxygens were set 
equal to 0.75. All extra " twin"  positions [TwT(1), 
TWO(3), TWO(4), TWO(5), TwT(l l ) ,  TWO(33), Tw- 
O(44), and TWO(55)] were set equal to 0.25. These last 
two sets of multiplicities then were varied so that their 
multiplicities remained equal within each group but 
supplementary between groups (x and 1 - x). Thermal 
parameters also were varied as rigid groups in the fol- 
lowing manner: all M sites equal, all OH groups equal 
[except OH(l) and OH(11)], all basal oxygens equal, 
extra basal oxygens of the first layer equal, extra basal 
oxygens of the second layer equal, and split basal oxy- 
gens (O' or O") equal (see discussion of split basal oxy- 
gens below). All other thermal parameters were varied 
independently. Positions that retained reasonable iso- 
tropic thermal parameters were left unchanged; oth- 
erwise anisotropic refinement was attempted. 

Throughout the late stages in the refinement, Fourier 
and Fourier-difference maps were constructed to mod- 
ify or verify ordering patterns for all cation sites. Near 
the end of the refinement at (R -6%) excess electron 
density was observed in the form of shadow peaks near 
each of the normal basal oxygens. These seven extra 
peaks could not be interpreted as a function of aniso- 
tropic thermal motion within the normal basal oxygens. 
Therefore, the positions of these split basal oxygens 
were added to the least squares refinement using co- 
ordinates taken from Fourier difference maps and des- 
ignated O(3)', O(4)', O(5)', 0(33)', O(33)", O(44)', and 
0(55)'. Figures 3 and 4 illustrate the split oxygen po- 
sitions. Initial multiplicities of the split basal oxygens 
were assigned a value equal to 40% (0.4 x 0.8922 = 
0.36) of the multiplicities of the normal basal oxygens. 
The remaining multiplicity (0.8922 - 0.36, or 60% of 
0.8922) was reassigned to the normal basal oxygens. All 
multiplicities were varied as a rigid group. No attempt 

was made to locate hydrogen atoms in the late stages 
of refinement 

The finalresidual factor R equaled 5.36%, with R(F) = 
Y]Fo - Fc ]/s R(F 2) equaled 8 . 5 ~ ,  with R(F 2) = 
\ [ F o e _  IF i 2 i / \ ~ 2  -,,~ l,~.~0 . The goodness-of-fit equaled 1.61 
with E0F = [s 0 - Fc)2/N.O. - N.V.T.]. The final 
multiplicity for tetrahedra in the normal part of the 
structure was 0.89 and that for tetrahedra in the out-of- 
step domains was 0. l 1. The split basal oxygens had final 
multiplicities of 0.26 relative to 0.63 for the normal bas- 
al oxygens. The final atomic coordinates, isotropic 
thermal parameters, and bond lengths are reported in 
Tables 2 and 3. Tables of F0, Fc, and anisotropic ther- 
mal parameters can be obtained from S. W. Bailey upon 
request. 

DISCUSSION 
Cation ordering 

It is concluded on the basis of electron density and 
electron-density difference maps that Si and Fe a+ are 
ordered in tetrahedral positions. Fe 3+ is strongly par- 
titioned into T(I), T( l l ) ,  TwT(1), and TwT(11), such 
that each of these sites contains approximately 50% Fe 3+ 
and 50% Si. T(2), T(22), TwT(2), and TwT(22) consist 
entirely of Si. This determination takes into account the 
final multiplicities of 0.89 for tetraheda in the normal 
2Hz portion of the structure and of 0.11 for those in the 
out-of-step domains. Mean tetrahedral bond lengths 
were not used as criteria for this determination (see be- 
low). It appears that tetrahedral ordering is complete, 
but small inconsistencies in the Fourier maps may in- 
dicate minor departures from total ordering. Tetrahe- 
dral ordering has no effect on lowering the symmetry 
from P6a to P 1 (or C 1 as oriented here), as the 6a screw 
axis that passes through the origin is parallel to Z and 
relates T(I) with T(I 1) and T(2) with T(22). Assuming 
that both T(1) and T(1 l) have identical Fe 3§ concentra- 
tions, no reduction in symmetry would result from the 
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Table 2. Final atomic coordinates. 

Clays and Clay Minerals 

No. Atom x y z Beqmv 

1 T1 0.0000(0) 0.0000(0) 0.0410(0) 1.34 
2 T2 0.0005(7) 0.3349(4) 0.0362(3) 0.84 
3 M1 0.1674(5) 0.1667(3) 0.2372(2) 0.92 
4 M2 0.6688(5) 0.0001(3) 0.2372(2) 0.92 
5 M3 0.6682(5) 0.3340(3) 0.2371(2) 0.92 
6 O 1 0.0015( 11 ) 0.0003(5) 0.1587(6) 1.49 
7 02 0.0013(11) 0.3338(5) 0.1594(6) 1,49 
8 03 -0.0287(27) 0.1677(9) 0.0042(9) 3.15 
9 04 0.2623(19) 0.4054(14) 0.0011(8) 3.15 

10 05 0.2684(19) -0.0636(14) 0.0027(8) 3.15 
11 OH1 0.5017(9) 0.1672(7) 0.1601(6) 1.44 

12 OH2 0.3357(8) 0.0006(4) 0.3070(4) 1,27 
13 OH3 0.3350(7) 0.3331(4) 0.3070(4) 1.27 
14 OH4 0.8345(7) 0.1673(4) 0.3070(4) 1.27 
15 T11 -0.0006(3) 0.0001(2) 0.5406(2) 1.06 
16 T22 0.4997(9) 0.1678 (5) 0.5356(4) 1.35 
17 M11 0.3355(5) 0.3339(3) 0,7373(2) 0.92 
18 M22 0.3338(5) 0.0004(2) 0.7372(2) 0.92 
19 M33 0.8347(5) 0.1665(3) 0.7372(2) 0.92 
20 O 11 0.00 l 6(7) 0.0000(4) 0.6595(6) 1.64 
21 O22 0.5011(7) 0.1671(4) 0.6602(5) 1,64 
22 033 0.2519(21) 0.0786(15) 0.5039(9) 3.15 
23 044 0.4541(27) 0.3352(10) 0.5061(8) 3.15 
24 055 -0.2654(22) 0.0699(15) 0.5017(9) 3.15 
25 OH 11 0.0021 (7) 0.3336(4) 0.6608(6) 1,49 
26 O H22 0.6677 (7) 0.3332(4) 0.8079(4) 1.27 
27 OH33 0.6673(7) -0.0003(4) 0.8078(4) 1.27 
28 OH44 0.1685(8) 0.1679(4) 0.8077(4) 1.27 
29 TwT1 0.0333(-) 0.6627(-) 0.0410(-) 1.27 
30 TwO3 0.5398(-) 0.3189(-) -0.0029(-) 1.22 
31 TwO4 0.2485(-) 0.1238(-) 0.0595(-) 1.22 
32 TwO5 0.7617(-) 0.0743(-) 0.0768(-) 1.22 
33 TwT11 0.0174(-) 0.3269(-) 0.5432(-) 0.32 
34 TWO33 0.2540(-) 0.8790(-) 0.5011(-) 2.12 
35 TWO44 0.4622( - ) 0.6638(-) 0.5057(- ) 2.12 
36 TWO55 0.7304(-) 0.9262(-) 0.4941(-) 2.12 
37 O 5' 0.2097(43) - 0.1206(28) 0.0019(19) 2.28 
38 03' 0.0787(52) 0.1668(18) 0.0047(20) 2.28 
39 04' -0.2908(36) -0.0388(31) 0.0037(20) 2.28 
40 033' 0.1966(45) 0.1231 (26) 0.4985(20) 2.28 
41 033" 0.2915(32) 0.0363 (29) 0.5091 (21 ) 2.28 
42 044' 0.0697(53) - 0.1640(20) 0.5006(19) 2.28 
43 O55' -0.2153(42) 0.1187(25) 0,5062(21) 2.28 

ordering itself. From Figures 1 and 2, however,  it is ev- 
ident that the ordering pattern observed in the normal 
2H2 part of the structure is reversed in the out-of-step 
domains. 

In contrast to the tetrahedral cations, the octahedral 
cations are disordered over all M sites. Mean M-O,OH 
bonds for all sites have similar lengths (2.102 to 2.107 
A), indicating no substantial ordering of Fe 2+, Fe ~+, Mg, 
or Mn, and are in good agreement with the bond length 
of 2. I00 A calculated from the electron-probe compo- 
sition and the effective ionic radii of Shannon (1976), 
Final electron-difference maps showed no peaks in ex- 
cess of one electron. So, unlike amesite-2Hz, cronstedt- 
ite-2Hz has no localization of the charge balance be- 
tween the tetrahedral and octahedral sheets as a result 
of  the ordering pattern. Instead, the major M cations 

are distributed randomly and an electron-hopping ef- 
fect between Fe z+ and Fe z+ probably is present.  

Tetrahedral bond lengths 

Mean tetrahedral bond lengths in the normal 2H2 por- 
tion of the structure do not verify the ordering pattern 
given by the electron distributions. Mean T-O bond 
lengths (Table 3) for T(1) and T(2) are identical (1.68 
•), although slightly greater for T(22) (1.69 ~)  com- 
pared to T ( l l )  (1,67 ~).  Bond lengths are not listed in 
Table 3 for the out-of-step domains because they were 
determined with less accuracy. The mean T-O bond 
lengths in the latter domains are 1.63 ~ for TwT(I) and 
1.66/~ for TwT(I 1). The evidence from the T -O bond 
lengths is contradictory to that of  the electron density 
and, if considered by itself, indicates tetrahedral cation 
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Table 3. Calculated bond lengths (A) and angles (~ 

O(1) 1.676(8) 
0(3) 1.679(9) 
0(4) 1.678(8) 
0(5) 1.678(9)_ 

mean 1.678 

0(2) 1.754(9) 
0(3) 1.655(9) 
0(4) 1.658(8) 
0(5) 1.662(9) 

mean 1.682 

T(I)-O(3)-T(2) 144.05(76) 
T(1)-O(4)-T(2) 141.51(69) 
T(I)-O(5)-T(2) 141.51(73) 
0(3)-0(4)-0(5) 131.33(72) 

108.51(35) 

O(ll) 1.694(8) 
0(33) 1.653(10) 
0(44) 1.686(11) 
0(55) 1.658(9) 
mean 1.673 

0(22) 1.776(8) 
0(33) 1.660(10) 
0(44) 1.658(9) 
0(55) 1.656(9) 
mean 1.688 

T(11)-O(33)-T(22) 145.64(87) 
T(11)-O(44)-T(22) 143.52(75) 
W(11)-O(55)-T(22) 142.29(82) 
0(33)-0(44)-0(55) 127.09(80) 

113,26(71) 

Tetrahedron T(I) 
O(1)-O(3) 2.717(13) 

-0(4) 2.749(12) 
-0(5) 2.726(13) 

0(3)-0(4) 2.754(17) 
-0(5) 2.727(17) 

0(4)-0(5) 2.719(17) 
mean 2.732 

Tetrahedron T(2) 
0(2)-0(3) 2.717(13) 

-0(4) 2.753(12) 
-0(5) 2.747(12) 

0(3)-0(4) 2.735(17) 
-0(5) 2.775(17) 

0(4)-0(5) 2.785(17) 
mean 2.752 

Tetrahedron T(11) 
O(11)-O(33) 2.709(13) 

-0(44) 2.697(13) 
-0(55) 2.761(14) 

0(33)-0(44) 2.822(18) 
-0(55) 2.643(18) 

0(44)-0(55) 2.527(18) 
mean 2.693 

Tetrahedron T(22) 
0(22)-0(33) 2.742(14) 

-0(44) 2.723(12) 
-0(55) 2.752(13) 

0(33)-0(44) 2.669(18) 
-0(55) 2.832(18) 

0(44)-0(55) 2.943(18) 
mean 2.777 

O(1)-O(3) 108.11(46) 
-0(4) 110.06(calc) 
-0(5) 108.73(47) 

0(3)-0(4) 110.36(calc) 
-0(5) 108.64(64) 

0(4)-0(5) 112.17(calc) 
mean 109.68 

0(2)-0(3) 105.64(46) 
-0(4) 107.55(45) 
-0(5) 107.01(44) 

0(3)-0(4) 112.65(67) 
-0(5) 113.58(64) 

0(4)-0(5) 109.97(66) 
mean 109.40 

0(4)-0(5)-0(3) 132.79(73) 
108.45(calc) 

0(5)-0(3)-0(4) 108.11(71) 
135.87(calc) 

O(11)-O(33) 108.06(49) 
-0(44) 105.86(calc) 
-0(55) 109.51(45) 

0(33)-0(44) 115.38(calc) 
-0(55) 116.01(68) 

0(44)-0(55) 98.17(calc) 
mean 108.83 

0(22)-0(33) 105.85(49) 
-0(44) 104.89(46) 
-0(55) 106.59(48) 

0(33)-0(44) 107.14(66) 
-0(55) 105.68(69) 

0(44)-0(55) 125.32(66) 
mean 109.25 

0(33)-0(55)-0(44) ! 19.77(69) 
124.25(calc) 

0(44)-0(33)-0(55) 116.13(72) 
120.37(calc) 

Octahedron 
M(1) M(2) M(3) 

O(1)-O(2) 3.157(6) 3.158(7) 3.157(7) 
-OH( 1 ) 3.161 (7) 3.159(7) 3.153 (6) 

O(2)-OH(1) 3.160(6) 3.156(6) 3.156(6) 
OH(2)-OH(3) 3.148(5) 3.159(5) 3.165(5) 

-OH(4) 3.164(6) 3.153(5) 3.155(5) 
OH(3)-OH(4) 3.157(5) 3.163(5) 3.152(5) 

mean unshared 3.158 3,158 3.156 

O(1)-OH(2) 2,793(8) - -  2.793(8) 
-OH(3) - -  2.791 (8) 2.791 (8) 
-OH(4) 2.791 (8) 2.791 (8) - -  

0(2)-0 H(2) - -  2.780(8) 2.780(8) 
-OH(3) 2.784(8) 2.784(8) - -  
-OH(4) 2.781 (8) - -  2.781(8) 

OH(1)-OH(2) 2.773(8) 2.773(8) - -  
-O H(3) 2.770(8) - -  2.770(8) 
-OH(4) - -  2.773(8) 2.773(8) 

mean shared 2.782 2.782 2.781 
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Table 3. Continued. 

M(ll) 
O(11)-O(22) 3.152(5) 

-OH(11) 3.155(5) 
O(22)-OH(t 1) 3.153(5) 

OH(22)-OH(33) 3.156(5) 
-OH(44) 3.148(5) 

OH(33)-OH(44) 3.141(5) 
mean unshared 3.151 

O( 11 )-OH(22) 2.790(7) 
-OH(33) 2.793(7) 
-OH(44) 

O(22)-OH(22) 2.779(7) 
-OH(33) 
-OH(44) 2.779(7) 

OH(11)-OH(22) 
-OH(33) 2.770(7) 
-OH(44) 2.770(7) 

mean shared 2.780 

Octahedron M(1) 
O(1)-O(2) 95.39(28) 

-OH(I) 95.54(28) 
O(2)-OH(1) 95.53(28) 

OH(2)-OH(3) 98.63(19) 
-OH(4) 99.33(19) 

OH(3)-OH(4) 99.04(19) 
mean 97.24 

Octahedron M(2) 
O(1)-O(2) 95.48(26) 

-OH(l) 95.50(26) 
O(2)-OH(1) 95.52(26) 

OH(2)-OH(3) 99.02(19) 
-O1-I(4) 98.76(19) 

OH(3)-OH(4) 99.18(19) 
mean 97.24 

Octahedron M(3) 
O(1)-O(2) 95.42(26) 

-OH(l) 95.42(26) 
O(2)-OH(1) 95.61(26) 

OH(2)-OH(3) 99.28(19) 
-OH(4) 98.88(19) 

OH(3)-OH(4) 98.76(19) 
mean 97.23 

OH(2)-O(33) 2.936(14) 
OH(3)-O(44) 2.910(13) 
OH(4)-O(55) 2.973(14) 

Interlayer contact 

M(22) M(33) 
3.158(5) 3.163(5) 
3.159(5) 3.158(5) 
3.157(5) 3.162(5) 
3.159(5) 3.157(5) 
3.168(5) 3.156(5) 
3.160(5) 3.171(5) 
3.160 3.161 

2.790(7) 
- -  2.793(7) 

2.795(7) 2.795(7) 
- -  2.779(7) 

2.784(7) 2.784(7) 
2.779(7) 
2.782(7) 2.782(7) 
2.770(7) 

- -  2.770(7) 
2.783 2.784 

Octahedron M(11) 
O(11)-O(22) 95.64(23) 

-OH(11) 95.80(24) 
O(22)-OH(11) 95.76(23) 

OH(Z2)-OH(33) 98.99(19) 
-OH(44) 98.55(19) 

OH(33)-OH(44) 98.24(19) 
mean 97.16 

Octahedron M(22) 
O(11)-O(22) 95.81(23) 

-OH(11) 95.89(24) 
O(22)-OH(11) 95.78(23) 

OH(22)-OH(33) 98.56(calc) 
-OH(44) 98.94(calc) 

OH(33)-OH(44) 98.64(19) 
mean 97.27 

Octahedron M(33) 
O(11)-O(22) 95.87(24) 

-OH(11) 95.72(24) 
O(22)-OH(11) 95.94(23) 

OH(22)-OH(33) 98.53(19) 
-OH(44) 98.44(19) 

OH(33)-OH(44) 99.09(19) 
mean 97.27 

OH(22)-O(5) 2.992 
OH(33)-O(4) 2.940 
OH(44)-O(3) 3.000 

disorder. As mentioned above Fe 3+ (high spin) and Si 4+ 
have drastically different ionic radii, and hence their 
corresponding tetrahedral bond lengths should be quite 
different (calculated values of 1.85 A and 1.62 A, re- 
spectively). Because the electron density must be con- 
sidered definitive as to the ordering pattern, the follow- 
ing mean T-O bond lengths are expected: T ( 1 ) =  
T(I 1) = 1.73 A and T(2) = T(22) = 1.62 A. This was 
not observed. Assuming that the data are correct (and 
there is no reason a priori  why they should not be, as 
X-ray diffraction films display near-perfect Bragg re- 

flections and the final R factor is quite good), some 
mechanism(s) must account for this discrepancy in bond 
lengths relative to electron densities. 

The observed T(2)-O(2) (1.754 A) and T(22)-O(22) 
(1.776 A) apical bonds in the Si-rich tetrahedra are ex- 
tremely elongate. Elongation of tetrahedra is observed 
in many layer silicates, but not to this extent. Mean 
T-Oblengths for T(2) and T(22) are both 1.658 A. These 
lengths are greater by 0.04 A than calculated values 
based on the assigned cat ion occupancies .  Mean 
T(I ) -O (1.678 A) and T(11)-O (1.673 A) bond lengths 
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are even more difficult to explain. The Fe-rich tetra- 
hedra indicate considerable contraction and electronic 
overlap based on published ionic radii (Shannon, 1976), 
whereas the Si-rich tetrahedra are overly large. Never- 
theless, the grand mean of all T-O bonds of 1.680 • is 
in good agreement with the value of 1.675/~ expected 
from the bulk tetrahedral composition and standard ra- 
dii. 

Previous X-ray diffraction studies of 1M Fe-rich mi- 
cas have shown that tetrahedral cation assignments can 
be made for Fe z+ and Si based on observed mean bond 
lengths, at least in the disordered state (Donnay et al., 
1964; Steinfink, 1962). In each of these studies electron 
density maps were calculated using the ideal space group 
C2/m for the 1M mica polytype. This symmetry re- 
quires disorder of tetrahedral cations so that no dis- 
crepancy between electron density and bond lengths is 
possible. The failure of the bond lengths to agree with 
the electron density in the present study may involve 
the following factors: 

(1) The basal oxygens have large apparent thermal pa- 
rameters (Table 2). This effect is not a result solely 
of thermal motion, but is also a function of posi- 
tional disorder, and has been observed in many sil- 
icate minerals (Burnham, 1973). Comparison of an- 
isotropic thermal vibration ellipsoids for oxygen 
atoms surrounding tetrahedral sites containing only 
Si vs. those containing a hybrid Si,A1 atom (disor- 
dered), shows this effect quite well. In tetrahedra 
with disordered Si,A1 the apparent displacement of 
oxygen toward the average cation is approximately 
0.1 ]k or more, twice that of an oxygen coordinated 
to an ordered site. This difference results from the 
difference in Si-O and AI-O bond lengths, -0.15 
A. Hence, in cronstedtite, where T(1) = Fe3+0.sSi0.5, 
there should be a very distinct positional disorder 
of the coordinating oxygens, thereby accounting in 
part for the large thermal parameters of the basal 
oxygens. Thermal parameters of apical oxygens are 
less than those of the basal oxygens, probably due 
to bonding of each apical oxygen to three octahe- 
dral cations in addition to its tetrahedral cation. This 
type of positional disorder of the basal oxygens in 
cronstedtite may have some effect on the anoma- 
lous T-O bond lengths, but cannot account alone 
for the gross differences between the observed and 
calculated values. 

(2) In addition to the large apparent thermal parame- 
ters, the basal oxygens are split into two electron 
density maxima [three in the case of O(33)], with 
final multiplicities of 0.63 and 0.26 from least-squares 
refinement. The new maxima are in the wrong po- 
sitions to be correlated with the extra tetrahedra of 
the out-of-step domains and must represent a third 
kind of domain in which the direction of tetrahedral 
rotation is reversed (Figures 3, 4). The maxima of 

(3) 

(4) 

the extra basal oxygens [TWO(3-5) and TWO(33- 
55)] in the out-of-step domains are too weak to be 
able to tell if these are split in a similar fashion. The 
splitting of basal oxygens is another reason why the 
least squares minimization of atomic positions may 
be somewhat inaccurate, but any errors are be- 
lieved to be insufficient to account for the large 
T-O bond discrepancies. 
Contraction of the Fez+-O bond length would be ex- 
pected if an appreciable amount of 7r-bonding is 
present or if Fe z+ is present in low-spin instead of 
high-spin configuration. Sufficient material was not 
available to test for these possibilities, but they are 
unlikely solutions because they would not explain 
the equally anomalous Si-O bond lengths. 
In an attempt to maintain a semiregular tetrahedral 
sheet, it is possible that the large Fe tetrahedra con- 
tract and the smaller Si tetrahedra expand to allow 
a more regular and less distorted structure. Inas- 
much as no layer silicate structure having an or- 
dered tetrahedral distribution of Si and Fe 3+ has been 
described, this mechanism has never been pro- 
posed. It has been well established, though, that a 
variety of mechanisms exist for structural adjust- 
ment in layer silicates so that misfit between octa- 
hedral and tetrahedral sheets can be minimized 
(Bailey, 1966). The apical oxygens in each layer of 
this structure are essentially coplanar, differing in 
z height by only 0.01 A. The Fe-rich hybrid atoms 
in sites T(1) and T(11) are 0.07/~ higher than the Si- 
rich T(2) and T(22) atoms. If the apical oxygens were 
at positions expected from their ionic radii, there 
would be a corrugation of the upper surface of the 
tetrahedral sheet amounting to 0.18/~. A corruga- 
tion of this magnitude may not be compatible with 
stability, so that the apical oxygens adopt compro- 
mise positions. Similar reasoning can be applied to 
the basal oxygens. Proof of the validity of this ar- 
gument must await the discovery of a second or- 
dered tetrahedral Si,Fe ~+ distribution where both 
the bond lengths and the electron density are ex- 
amined critically. Evidence against the argument 
comes from (a) the failure of a distance-least-squares 
program OPTDIS to duplicate the observed atomic 
positions based on several reasonable bond-weight- 
ing schemes for an ordered tetrahedral distribution 
of Si and Fe 3+, and (b) recent structural determi- 
nations of silicate minerals that show Si-O bond 
lengths to be relatively inflexible even at high tem- 
peratures and pressures. 

Domain  structures 

Figures 1 and 2 show the presence of a tetrahedral 
sheet in each layer that appears to be out-of-step by 
b/3 relative to the rest of the structure. This is due to a 
stacking mistake of zero shift interspersed with the nor- 
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real alternation of -b /3  and +b/3 shifts of  the 2/-/2 poly- 
type. There is no interruption of the regular alternation 
of occupation of the I and II  sets of octahedral positions 
in adjacent layers (equivalent to 180 ~ rotations). In these 
out-of-step domains the tetrahedral ordering pattern is 
reversed. Thus, Fe-rich site T( l l )  at the top of a slab of 
the normal 2H2 structure is succeeded by a Si-rich site 
TwT(2) in the out-of-step domain immediately above, 
instead of by the Fe-rich site T(I) of the normal struc- 
ture, and Si-rich site T(22) is succeeded at the same time 
by the Fe-rich site TwT(1). The two layers forming the 
interface between the normal structure and the out-of- 
step domain consti tute an ordered 2H1 sequence,  
whereas each out-of-step domain has a 2H2 sequence 
of  layers at least l0 unit cells thick and enantiomorphic 
to that of the normal 2H~ structure (i.e., the interlayer 
shift between layers 1 and 2 is +b/3 instead of -b/3) .  It 
may be an important point in the origin of  these domains 
that this reversal of the ordering pattern would serve to 
alleviate strains caused by tetrahedral ordering in ad- 
jacent parts of the crystal, so that strain relief may cause 
the stacking mistakes. The crystal fragment used con- 
tains about 11% of these out-of-step domains. 

A different kind of domain gives rise to the split basal  
oxygen atoms illustrated in Figures 3 and 4. These are 
interpreted as regions in which the direction of tetra- 
hedral rotation is reversed relative to that in the rest of 
the structure. The direction of rotation in 1:1 layer sil- 
icates is controlled by competition between attraction 
of the basal oxygens by (1) octahedral cations in the 
layer below, (2) octahedral cations in their own layer, 
and (3) OH groups on the layer surface immediately be- 
low (Bailey, 1966). In amesite-2H2 factors (2) and (3) 
combine to overcome the attraction of cations in the 
layer below. In this crystal of  cronstedtite-2H2 about 
74% of the volume contains tetrahedra rotated in the 
opposite sense, but similar to the direction found by 
Steadman and Nuttall (1963) for the 1T and 6R2 forms 
of cronstedtite,  and 26% rotated in the same sense as 
in amesite-2H2. The influence of directed interlayer 
H-bonds on the rotation direction in this cronstedtite 
crystal may be cancelled by octahedral cation disorder 
and electron hopping leading to H disorder. The diffi- 
culty in determining the centers of the split basal oxy- 
gens is emphasized by the irregularity of  splitting and 
tetrahedral rotation in the second layer where 0(33) is 
apparently split into three parts (for reasons not under- 
stood) and adjacent atoms 0(44) and 0(55) both rotate 
towards the ring center (Figure 4), which is a physical  
impossibility. For  these reasons the 6.2 ~ rotation angle 
in the first layer is considered the most reliable value. 

More information on the nature of  the domains may 
be contained in the possible non-Bragg satellites no- 
ticed on hkO Weissenberg photographs of the large par- 
ent crystal. These have been ignored in the present study 
because they could not be observed with exposure times 

up to 70 hr on hkO precession films of  the smaller crys- 
tal. 

Subgroup symmetry 

The ideal space group for the 2/-/2 polytype is P63, 
but the diffraction intensities indicate P 1 symmetry. This 
reduction to subgroup symmetry is not due to cation 
ordering, however,  as the pattern of  tetrahedral order- 
ing does not violate P63 symmetry and the octahedral  
cations are disordered. The lower symmetry,  therefore, 
must be due to a combination of  the contributions of  
the three kinds of domains to the coincident reflections 
and of non-hexagonal distortions to the structure as a 
consequence of attempting to keep a regular tetrahedral 
sheet shape despite the ordering. Analysis of the po- 
sitions of the basal oxygens relative to their errors of 
determination shows that they deviate in position from 
hexagonal symmetry by a minimum of  9.8 and a max- 
imum of 23.3 standard deviations. 

Other features  

All six octahedra are nearly identical in size and shape 
due to the disordered cation distribution. The angle of  
octahedral flattening tO is 60.05 ~ relative to 54.73 ~ for a 
regular octahedron. The octahedral distortion param- 
eter defined by Dollase (1969) is rms = 5,6 ~ and that of 
Robinson et al. (1971) is (or0) 2 = 58.8 ~ The tetrahedra 
are severely distorted with T values for Fe-rich T(1) and 
T(11) of 109.0 and 107.8 ~ and for Si-rich T(2) and T(22) 
of 106.7 and 105.8. The sheet thicknesses are compa- 
rable to those of other Fe-rich trioctahedral layer sili- 
cates. The two tetrahedral sheet thicknesses are 2.232 
and 2.225 A, those of the octahedral sheets are 2.102 
and 2.103 A, and the interlayer spaces are 2.804 and 
2.775 A to give a total c repeat  of  14.241 A. 
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PealoMe---KpncTa.r~HqecKafl cTpyKTypa Marnneaoro KpOHtHe~TnTa-2Hz H3 Flpn6paM, qexocJIOBaKH.q 
6bIna ycoBepmeHcTBoBana B npocxpancx~ennofl rpynne C1 npn noNomn 1832 ne3aBncHMbiX oapamennfi 
TaK, qTO yKa3aTeJn, pa3JlnqHl~ COCTaBJIn.rI 5,4%. WeTpaaJIpHlqecKoe ynopnjtoqeHHe Me~dly Fe z+ n Si 
Ka>KeTCfl 6blTb IIOJIHblM na ocno~e KapT nJIOTHOCTN 3.rleKTpOnOB, qTO ttB.II~IeTCJt nepBblM nO~lTBep~JlenHeM 
TaKoro ynop~q~loqeHHn B C~Or~CTOM CHJ~4KaTe. OKTaaJlpnqecKHe KaTHOHbl ~IBJIInOTCI:I HeylIopltJ1oqeHnblMH 
Ha MecTax M. Cpe~lHHe ~jIHHbI CBtt3n T-O He rIO~Taep~IatoT TeTpaa~Dnqecr:oe yHop~oqenlle, 
BO3MOIhKHO, BcJte]ICTBNe TeTpaaJIpHqecKoro OTKIIOHeHI, Dt, HeorxO~HMOrO ~ ocaoro~enn ,a  aKCTpe- 
MaJIbHOFI BOJIHHCTOCTH CJIO~l, KOTOpa~l nonBnnach 6h~ a pe3yJIbTaTe ynopn~loqenHz KaTHOHOB TaK 
pa31-IblX pa3Mepom 

B HaqaJlbHblX CTa~HJtX ycoBepmencTBoBann~ cTpyKTypa HCCJIeJIyeMoro KpHCTaJIJIa He MorJIa 6blTb 
a)leKBaTno onllcalta na OCHOBe e/IHnHqnoro nO~HTHna 2Hz. CTpyKTypa COJIep:hKI, IT /1Ba xnna orhacTefi 
2H2, KOTOpbIe Ka3aJIncb 6blTb C~IBHII'HyTblMH O b/3 no OTHOnleHHtO OJIHa K JlpyFo~ BC.rleJICTBHe 
OIIIHrKH B nOCJIe~IOBaTeJIbHOCTH qepejioBaHnlt CJIOeB. OmH6~a HyJIeBOrO CJIBnra (Orb~KnoBenHbI~ 
nOJmTHn 2H2 COCXOHT n3 HIaMenn~O~HXCn c~lanroa -b/3 n +b/3) B~HlneT xo~n, KO na TeTpaa~pHqeCKHe 
nJiacTmtgn. ~)TO COaJlaeT npH~era~o~He aHaHTHOMOpqbHble or~acTn naKeTOB 2Hz Tame, qTo OrJIaCTH 
C Na.r~bINH Si TeTpaa~IJlaMn pacno~omeH~,i Ha~ 60~bmnMH Fe z+ ororaqenHblMH TeTpa3JlpaNH n Hao6opoT. 
~TOT Mexang3M CH~THIt nanpnmeHHln Mo~KeT ~Ie~CTBHTeYlbHO 6blTb npHqllnOl~ OtHHSOK B qepe~ioBaltllH. 
TpeTrff~ THn OrJ~aCTn co~lep~nT 3OHbl C o6paTHO~ TeTpaa)Ip~qecKo.~ poTaUHefi, qTo Bbl3blBaeT nOIIB- 
;aeHne paaJI~oeHtm, tx OCHOBHblX aTOMOB I~c~opo/Ia na ~apTax nJIOTHOCTH 9JIel~TpOnOB. ~Ta MO~eJIb 
MHOFOqHICJIeHHBIX ornacTel~ HaHJIyqmHM orpa3oM Or"b~tCHt~leT JIOHOYlHHTeJIbHble aTOMHble MecTa, 
aa6~o/Iaeubie Ha KapTax q~ypbepa, ne~ocTaTO~ o'rpa~enHfi k r 3n H BOaNO~Hbm HecyiiIec~eHnbIe 
"conyxcxay~omne" orpax<enn~, HtarJnoJIaeu~,m pa qbnJn, Max Beficcen6epra. [E.C.] 

Resiimee--Die Kristallstruktur von einem Mg-Kronstedtit-2H2 von Pfibram, Tschechoslowakei, wurde in 
der Ranmgruppe C 1 auf einen R-Wert von 5,4% bei 1832 unabh/ingigen Reflexen verfeinert. Aufgrund der 
Elektronendichteverteilung scheint die regelm~il3ige Tetraederverteilung zwischen Fe 3+ und Si vollst~indig 
zu sein. Dies ist die erste Best/itigung f/ir eine derartige Anordnung in einem Schichtsilikat. Die Oktaeder- 
Kationen sind auf den M-Pl~itzen statistisch verteilt. Die durchschnittlichen T-O-Bindungsabst~inde be- 
st~itigen die tetraedrische Anordnung nicht. Der Grund liegt vielleicht in einer Verzerrung der Tetraeder, 
wodurch die extreme Wellung der Schichten verringert wird, die durch die regelm/il~ige Verteilung von 
derartig unterschiedlichen grogen Kationen verursacht wird. 

Am Anfang des Verfeinerungsprozesses konnte die Struktur des untersuchten Kristalls nicht auf der 
Basis eines einzigen 2H2-Polytypen adiiquat beschrieben werden. Die Struktur enthiilt zwei Arten yon 2H2- 
Domiinen, die um b/3 relativ zueinander verschoben zu sein scheinen, was auf einen Fehlbau in der Sta- 
pelabfolge zurfickzuffihren ist. Der Fehlbau der Null-Verschiebung (der normale 2/-/2-Polytyp besteht aus 
abwechselnden -b/3 und +b/3-Verschiebungen) beeinflnlat nur die Tetraederschichten. Er verursacht be- 
nachbarte enantiomorphe Dom/inen von 2H2-Paketen in der Weise, dab Dom~inen mit kleinen Si-Tetrae- 
dern fiber gr6geren Fea+-reichen Tetraedern liegen und umgekehrt. Dieser Mechanismus zur Deforma- 
tionsverminderung k6nnte tatsiichlich die Ursache ffir die Stapelfehler sein. Eine dritte Art yon Dom~inen 
enthiilt Bereiche, in denen die Richtung der Tetraederrotation umgedreht ist, wodurch die basalen Saner- 
stoffreflexe auf den Elektronendichteverteilungen anfgespalten sind. Dieses vielffiltige Dom/inenmodell 
erklgrt am besten besondere Atomlagen, die durch Fourieranalyse beobachtet wurden, das Fehlen yon 
Streifen bei den k r 3n-Reflexen und m6gliche nichtintegrale "Satelit"-Reflexe anfden WeiBenbergfilmen. 
[U.W.] 
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R6sum6--La structure cristalline d'une cronstedtite-2H2 de magn6sium de Ph'bram, Tch6choslovaquie, a 
6t6 raffin6e dans le groupe spatial C1 ~ un r6sidu de 5,4% avec 1832 r6flections ind6pendantes. L'ordre 
tetra6dral entre Fe a+ et Si est jug6 6tre complet bas6 sur des cartes de densit6 d'61ectrons, la premi6re 
confirmation d'un tel ordre residant dans une couche silicate. Des cations octaedraux sont d6sordonn6s 
sur les sites M. Les longueurs de liaison I"-O moyennes ne confirment pas l'ordre tetra6dral, peut-~tre h 
cause de la distortion tetra6drale afin d'amoindrir l'extr6me corrugation de la feuille ~ laquelle donnerait 
lieu l'ordre de cations de tailles tellement diff6rentes. 

Dans les stages initiales de l'6tude, le cristal 6tudi6 ne pouvait 6tre d6crit de faqon ad6quate sur la base 
d'un seul polytype 2H2. La structure contient deux sortes de domaines 2H 2 qui semblent d6plac6s de b/3 
Fun par rapport fi l'autre ~t cause d'une erreur dans la s6quence d'emplilement intercouche. Cette erreur 
de d~piacement zero (le polytype 2H~ normal consiste en des d6placements alternants -b/3 et +b/3) n'af- 
fecte que les feuilles tetra6drales. Elle cr6e des domaines adjacents 6nantiomorphes de paquets 2H~ de 
telle faqon que les domaines avec de petits tetra6dres Si se trouvent au dessus de tetra6dres riches en Fe a+ 
plus grands et vice-versa. Ce m6canisme pour soulager la tension peut en effet 6tre la cause des erreurs 
d'empilement. Une troisi6me sorte de domaine contient des r6gions dans lesquelles le sens de la rotation 
est renvers6, donnant lieu ~t des oxyg6nes de base fendus sur des cartes de densit6 d'61ectrons. Ce mod61e 
de domaines multiples explique de la meilleure fa~on les positions atomiques suppl6mentaires observ6es 
sur les cartes Fourier, le manque de striations de r6flections k ~ 3n et des r6flections nonint6grales "sa- 
tellitiques" possibles observ6es sur les films Weissenberg, [D.J.] 


