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Small druses and isolated crystals of cronstedtite in cavities of a quartz—calcite veinlet were encountered in the borehole
drilled near Chynava (central Bohemia, Czech Republic) in 1943—-1944. Single crystals were studied by the X-ray dif-
fraction with aid of the four circle diffractometer with an area detector. The interpretation of precession-like images of
reciprocal lattice planes produced by the diffractometer software revealed the polytype 2/, (of the subfamily — Bailey’s
group D) as the most abundant. It occurs either as pure or mixed crystals with minor to negligible proportion of the
2H, polytype of the same subfamily. Lattice parameters of both polytypes are: a = 5.4907(3), ¢ = 14.1789(9) A, space
groups P6,cm (2H)), and P6, (2H,). A crystal of the polytype 37 (subfamily A), twinned by reticular merohedry was
sparingly found as well. Another unusual mixed crystal of subfamilies C+A contained the 17 polytype (subfamily C),
a disordered portion of the subfamily A except for the apical part of the crystal, and small amount of 37 and possible
traces of 67, polytypes (subfamily A) in the bottom part. Electron probe microanalysis of selected cronstedtite crystals
revealed minor amounts of CI up to 0.01 apfu (atoms per formula unit), and small amounts of Mg (0.13-0.24 apfu)
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regardless of the determined polytype.
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1. Introduction

The rare mineral cronstedtite has been first described
from the Vojtéch Mine in Pfibram by Steinmann (1820,
1821). It is named in honor of Swedish chemist and min-
eralogist Axel Fredrik Cronstedt (*23. 12. 1722, 119. 8.
1765), one of the founders of the modern mineralogy.
Besides other things, he discovered mineral scheelite,
element nickel, and defined zeolites.

At the territory of the today’s Czech Republic, cron-
stedtite has been later described from Kutna Hora (Vrba
1886), Kank near Kutna Hora (Novak et al. 1957),
Litosice and Sovolusky (Novak and Hoffman 1956; Hyb-
ler 1998), Chvaletice (Novak and Jansa 1965; Hybler
1998) and, recently, from Pohled near Havlickiv Brod
(Hybler et al. 2016). The occurrence near the village
Chynava was first mentioned by Fiala (1951), and later
described by Fiala and Koufimsky (1980). In Slovakia,
cronstedtite was found in Roznava (Varcek et al. 1990)
and Nizna Slana (Hybler et al. 2017).

Cronstedtite typically occurs in low- and medium-
temperature hydrothermal veins together with quartz,
calcite, sometimes with siderite, ankerite, rhodochrosite,
and/or rhodonite, but always with pyrite — on the sur-
face, in cavities, inter-grown, or embedded in the poly-
crystalline mass or weathering products (e.g., Hybler et
al. 2016, 2017). It has been also found in metamorphic
banded iron-formations (Gole 1980a, b; Lopez-Garcia

et al. 1992), and in some meteorites — CM chondrites
(e.g. Miiller et al. 1979; Barber 1981; Burbine and Burns
1994; Browning et al. 1996; Lauretta et al. 2000; Zega
and Buseck 2003; Schulte and Schock 2004; Dyl et al.
2010). Pignatelli et al. (2013) synthetized cronstedtite by
an iron—clay reaction at 60-90 °C.

Cronstedtite belongs to 1:1 phyllosilicates of the
serpentine—kaolinite group (Steadman and Nuttall 1964;
Steadman 1964). Its structural formula is: (Fe*", Fe™)
(Si, Fe’" )O(OH),, where x is usually in the range of
0.5 to 0.8. The structure is composed of edge-sharing
octahedral and adjacent corner-sharing tetrahedral sheets,
forming together 1:1 layer (Bailey 1988). Octahedral
positions are occupied by Fe?" and Fe*', while in tetra-
hedral positions is Si*" partially substituted by Fe**. The
proportion of Fe** in octahedra balances the deficiency
of charge in tetrahedra. Moreover, a partial substitution
of Fe*" in octahedra for Mn?*" and/or Mg?*" has been re-
ported in some occurrences, e.g. in Pfibram (Steinmann
1821; Damour 1860; Janovsky 1875; Geiger et al. 1983).
A structural analogue of cronstedtite with Mn and Mg
contents up to 1.86 and 0.54 apfu, respectively, was
approved as a new distinct mineral species guidottiite
(Wahle et al. 2010).

The 1:1 layer silicates including cronstedtite are typical
representatives of Order—Disorder structures of layers (OD
structures in the following text) with a low degree of de-
symmetrization (Dornberger-Schiff and Durovi¢ 1975a, b;
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Fig. 1 The drill core intersecting the calcite (CA) veinlet with pyrite
(PY) and black cronstedtite (CRO). The small cavity with druses and
isolated crystals of cronstedtite is indicated by the white arrow. Some
cronstedtite is also embedded in pyrite or calcite.

Durovi¢ 1981, 2004). They belong to the OD family,
further subdivided according to shifts and/or rotations of
consecutive (identical) layers, into four OD subfamilies,
identical with Bailey’s (1969, 1988) groups: A (polytypes
IM, 2M,, 3T, 6T, B (20, 2M,, 6H), C (17, 3R, 2T), D
(2H,, 6R, 2H)). The stacking rules are represented by fol-
lowing operations: +aj/3 shifts for subfamily A, +a;/3 shifts
combined with 180° rotation for subfamily B, =b/3 or no
shift for subfamily C, =b/3 or no shift combined with 180°
rotation for subfamily D, where aj, b correspond to the
vectors of trigonal and orthohexagonal cells, respectively.

Groups and polytypes are identified with aid of charac-
teristic single crystal X-ray diffraction patterns, Selected
Area Electron Diffraction (SAED), and Electron Diffrac-
tion Tomography (EDT). The X-ray powder diffraction is
not reliable in many cases for the polytype determination
(Durovi¢ 1997).

The current study is intended as a further contribu-
tion to knowledge about the polytypism of cronstedtite,
mainly from localities in the former Czechoslovakia.
Thanks to diffractometers with area detectors, more
representative set of specimens might be checked than it
was possible previously.

2. Occurrence

Cronstedtite was found near the base of the borehole
Craelius A-4 drilled in 1943—-1944 by the Prazska
zelezatska spolecnost (Prague Iron Company) 1 km S
of the village Chynava, 7 km N from Beroun, central
Bohemia, Czech Republic. The aim of that survey was a

Fig. 2 Typical crystal of cronstedtite in the cavity from Chynava.

prospecting for Ordovician sedimentary iron ores, exca-
vated in numerous deposits in the region from the Middle
Ages to late 1960°s. Attempts to localize the borehole
more precisely after such a long period of time have been
only partially successful. In the original survey report of
Meska et al. (1945), no co-ordinates, but only the old
(no more valid) cadastral number of the estate where
the borehole was located was reported. Comparing the
historical cadastral map with the current one, the estate
was identified and the approximate position of the bore-
hole was most probably located within £50 m around
50°01'3.041"N and 14°4'25.977"E.

The depth of the drilling was 203.6 m and the whole
profile was described by Méska et al. (1945), later also by
Fiala (1951) and Fiala and Koutimsky (1980). At 202 m,
in sandy shales of the Tfenice Fm. (Tremadocian), a steep
veinlet of white calcite, quartz, pyrite and cronstedtite
was encountered. Black crystals of cronstedtite occur
in fissures and cavities in the veinlet either in druses, or
isolated. Some crystals are embedded in accompanying
minerals — pyrite, calcite, or quartz. The studied part of
the bore-core, 5 cm in diameter, is stored in the National
Museum, Prague (inv. No. 54 444, Figs 1-2).

The cronstedtite occurrence was first briefly mentioned
by Fiala (1951, p. 4 and 35). Later Fiala and Koufimsky
(1980) reported results of their powder X-ray diffraction
and electron microprobe studies. They correctly identi-
fied cronstedtite as such, but no attempt to determine
polytypes has been done. The aim of the present study is
an identification and description of polytypes present in
the sample with aid of the single crystal X-ray diffraction.

3. Experimental

Crystals for studies were extracted from the veinlet
material under the stereomicroscope. Two batches were
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selected: from isolated crystals attached to the inner sur-
face of the veinlet cavity and from the druse of crystals.
About 31 specimens altogether were studied.

Crystals are black, with a vitreous luster and an excel-
lent cleavage along basal planes. Predominant forms in
the assemblage are columnar, acicular, cylindrical, coni-
cal, slim conical, and truncated conical (Fig. 2). Some
fragments studied were cleaved plates of larger crystals.

3.1. Single crystal X-ray diffraction

Cronstedtite single crystals were glued onto glass wires
and mounted on the Oxford Diffraction four-circle
(double-wavelength) X-ray diffractometer Gemini A Ultra
equipped with the Atlas CCD area detector. Experimental
conditions: PANalytical long fine focus tube, graphite
monochromator, Mo-enhance fiber optics collimator,
MoK radiation, 50 kV and 30 mA. User-defined pre-
experiments were performed in order to obtain data sets
for the lattice parameters and polytype determination in
a reasonable time. About 217 frames per one pre-experi-
ment were recorded, covering a sufficiently large area of
the reciprocal space with a desired density. The exposure
of one frame took 1 second, and a typical run time of one
pre-experiment was 20 minutes. A more detailed descrip-
tion of the procedure was given by Hybler et al. (2016).
Cleaved fragments of one non-typical crystal (see later)
required full experiments, because the images from pre-
experiments were not clear enough.

The CrysAlis Pro (Rigaku Oxford Diffraction 2015)
package was used for the pre-experiment control, and
data processing. The lattice parameters were determined
automatically during or after the run. The “unwarp”
procedure of the CrysAlis Pro package was applied in
order to obtain precession-like user-defined sections
of the reciprocal space. Although they are sometimes
incomplete (with randomly distributed blind areas) and
somewhat noisy, they are sufficient for the subfamily
and polytype determination in most cases. The images
also reveal various defects of crystals, manifested e.g. by
diffuse streaking, arc-shaping, and splitting of certain re-
flections. Second harmonics (A/2) of strongest reflections
(Kirschbaum et al. 1997) are present in some images but
did not harm the interpretation.

The OD-subfamilies (Dornberger-Schiff and Durovié
1975a, b) i.e. Bailey’s (1969, 1988) groups A, B, C, D
were determined from the distributions of so-called sub-
family reflections along 217, 11/, 12/ rows in reciprocal
lattice planes 2hhl, hhl, h2hl (hexagonal indices, also in
the following throughout the paper, if not stated other-
wise). Polytypes were determined from the distribution of
characteristic reflections along reciprocal lattice rows 10/,
017, 11/, in planes A0/, Okl, hhl (Miklo§ 1975; Durovi¢
1981, 1997; Hybler 1998; Weiss and Kuzvart 2005).

3.2. Electron probe microanalysis (EPMA)

Several crystals or fragments, in that polytypes were al-
ready determined, were placed into the resin and polished
sections were prepared. The chemical composition was
determined using a Cameca SX100 electron microprobe
(WDS mode, 15 kV, 10 nA, and 5 pm beam diameter)
at the Masaryk University in Brno. The following X-ray
lines and standards were chosen: K lines: Cl (vanadi-
nite), Fe (almandine), Mg (pyrope) and Si (sanidine).
Other elements, including Al, Ca, Cr, Cs, F, K, Mn, Na,
P, Rb, S, Sc, Ti, V and Zn were also sought but they were
not found (the respective detection limits are ~0.02—0.10
wt. % depending on analytical conditions). Peak count-
ing times were 10-20 s and the counting times for
background were halved. The measured intensities were
processed for matrix effects using the “PAP” correction
routine (Pouchou and Pichoir 1985). The H,O content
(4 OH + Cl pfu) and Fe**/Fe* ratio were calculated based
on the stoichiometry of general formula (Fe*’, Fe’)
(Si, Fe** )O,(OH),.

4. Results and discussion

4.1. Polytypism and composition of the
Chynava cronstedtite

The single crystal X-ray studies revealed the polytype
2H, (subfamily D) as the most abundant in the assem-
blage (Tab. 1). In some crystals it is accompanied by a
minor amount, or rather traces of the polytype 2H,. In
the majority of reciprocal lattice images the characteristic
polytype reflections are diffusely streaked due to partial
stacking disorder. Figure 3a represents the plane Akl, with
11/ reciprocal lattice row characteristic of the D group.
The £0/ plane of the “pure” 2H, polytype is presented
in Fig. 3b. Characteristic reflections 10/, (and 20/, 40/)
with [ = 2n + 1 are lacking due to the P6,cm space group
extinctions. This crystal (labelled 2-10), is one of three
used for data collection for the structure refinement. The
h0l section (Fig. 3c) represents the 2H polytype with a
very small contribution of 2H,. The weak [ = 2n + 1 re-
flections are produced by the 2H, polytype (space group
P6,), while the / = 2n ones contain contribution of both.

The stacking sequence the 2H| polytype is character-
ized by regularly alternating 180° rotations, while in the
2H, these rotations are combined with +b/3, —b/3 regu-
larly alternating shifts. Both polytypes occur simultane-
ously in mixed crystals, mostly 2H, dominant (Kogure et
al. 2001). On the contrary, Chynava crystals are strongly
2H, dominant. In the recently described Pohled occur-
rence, similar mixed 2H +2H, crystals were found, some
of them moderately 2/, dominant, others 2/, dominant
(Hybler et al. 2016).
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Fig. 3 Single crystal X-ray patterns. a — The Ah/ plane characteristic of the subfamily D (full experiment). Note that rows of subfamily reflec-
tions (117, 22/, etc.) are twice densely occupied as 00/ ones because of doubled basic periodicity of polytypes of the subfamily D due to regular
alternation of 180° rotations of 1:1 layers. b — 0/ plane, “pure” 2H| polytype (full experiment). ¢ — 40/ plane, 2H| polytype with an accessory of
2H, polytype manifested by weak / = 2n + 1 10/ reflections, indicated by arrows (pre-experiment). Note diffuse streaks along the characteristic
reflections due the partial stacking disorder. Weak reflections between 10/ and 20/, as well as between 10/ and 20/ rows are second harmonics of

strong 30/ and 30/ reflections, respectively.

Samples of pure 2H, polytype are poorer in Fe
(x = 0.77-0.82) than those of 2H, (+2H,) polytypes
(x =0.79-0.84). Besides the prevailing Si and Fe, mi-
nor amounts of Cl (up to 0.01 apfu; Fig. 4a) and Mg
(mainly in the range 0.13-0.18 apfu; Fig. 4b) were
detected. The presence of minor Cl in cronstedtite is
already known, e.g. from Pohled (Hybler et al. 2016)

or (together with S) from Nizna Slana (Hybler et al.
2017).

Certain contents of Mg, accompanied also by Mn,
have been referred in ancient wet analyses of cronstedtite
from Pfibram (Steinmann 1821; Damour 1860; Janovsky
1875). It seems probable that all authors analyzed speci-
mens from the same batch. Contrary to analyses reported,

Tab. 2 Chemical composition of cronstedtite from Chynava (wt. % and apfu)

Polytype(s) 2H, 2H, (+2H,) 3T 1T+3T 1T

sample 1-10 1-3 2-12 1-1 1-14 1-6 2-1 2-11 2-4 2-2 1-4-T 1-4-M
n 4 4 5 4 9 4 4 4 5 4 4 4

FeO 37.51 37.34 37.34 37.55 36.97 37.68 37.07 37.37 37.35 37.34 40.49 40.50
MgO 1.41 1.70 1.77 1.59 1.51 1.61 1.68 1.59 1.65 2.08 2.36 2.50
Fe,0, 33.05 31.79 31.97 32.74 33.38 33.84 33.32 33.33 33.30 31.17 26.37 25.65
Sio, 18.17 18.52 18.57 18.41 17.92 18.36 18.15 18.24 18.29 18.98 21.62 21.84
Cl 0.04 0.05 0.04 0.04 0.04 0.04 0.03 0.04 0.03 0.03 0.04 0.03
0=Cl -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 —-0.01 -0.01 -0.01 -0.01 -0.01
H,0 9.17 9.13 9.16 9.20 9.13 9.31 9.19 9.22 9.23 9.20 9.45 9.44
total 99.34 98.52 98.85 99.53 98.94  100.82 99.43 99.78 99.85 98.79  100.32 99.95
Fe** 2.050 2.049 2.041 2.044 2.029 2.027 2.020 2.031 2.027 2.034 2.148 2.151
Mg?* 0.138 0.166 0.173 0.154 0.147 0.154 0.163 0.154 0.160 0.202 0.223 0.236
Fe**+Mg?> 2.187 2.215 2.214 2.198 2.176 2.181 2.183 2.185 2.187 2.336 2.371 2.387
Fe* 1.625 1.570 1.572 1.603 1.648 1.638 1.634 1.630 1.626 1.528 1.258 1.226
Si 1.187 1.215 1.214 1.198 1.176 1.181 1.183 1.185 1.187 1.236 1.371 1.387
Cl 0.005 0.005 0.005 0.004 0.004 0.004 0.004 0.004 0.003 0.003 0.004 0.003
OH 3.995 3.995 3.995 3.996 3.996 3.996 3.996 3.996 3.997 3.997 3.996 3.997
X 0.813 0.785 0.786 0.802 0.824 0.819 0.817 0.815 0.813 0.764 0.629 0.613

the H,O content (4 OH + Cl pfu), Fe’*/Fe*" ratio and x value were calculated based on the stoichiometry of general formula (Fe*, Fe* )(Si, Fe* )

O,(OH),

n = number of point analyses averaged
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Mn is lacking in the studied Chynava cronstedtite. A very
variable content of Mg, from zero to (an exceptional
value) 0.14 apfu was observed in synthetic samples of
Pignatelli et al. (2013), together with Al, varying from
zero to (an exceptional value) 0.28 apfu. Obviously Mg
(and Mn) partially replaces Fe in octahedra, and Al might
enter both octahedral and tetrahedral positions.

Only two crystals of other polytypes were found. One
of them (labelled 2-2, from the cavity) contains the 37
polytype, belonging to the subfamily A. The crystal is
twinned by reticular merohedry of order 3, with twofold
axis (or more general (2n—1)x60° rotation) parallel to

0.010

¢ as twin operation. This operation exchanges obverse/
reverse settings of the rhombohedral subfamily structure
(Ferraris et al. 2008). This type of twinning is typical of
the 37 polytype from Nizna Slana (Hybler et al. 2017). It
has been also scarcely observed in the rare 67, polytype,
and in the 37+1M mixed crystal from Pohled (Hybler et
al. 2016). Images of reciprocal lattice planes of twinned
crystals were already presented in these studies. Also
worth noting is that Vrba (1886) published drawings
of interpenetrating pyramidal cronstedtite crystals from
Kutna Hora obviously twinned by this law. The top
part of the crystal studied was cleaved out, placed into
resin and polished section was
prepared. The result of EPMA

2H, polytype

2H, (+2H,) polytypes
3T polytype

1T+3T polytypes S
1T polytype

0.008 ~

>oeoO4 @

0.006 -

L 2
0.004 - o

é o
4 %

Cl (apfu)

A
0.002 - A o

0.000 ~

L 2 s0..v

(Tab. 2) reveals slightly higher
content of Mg (0.19-0.21 apfu,
Fig. 4b), than in the prevailing
crystals (2//, and 2H, polytypes)
at the locality.

Another unique crystal (la-
belled 1-4) produced Akl dif-
fraction pattern of A+C sub-
v families superimposed. The
characteristic reflections of the
1T polytype (subfamily C) are
recognizable as dense spots
in diffuse streaks produced by
the partial stacking disorder.
The crystal was cleaved into
four fragments labeled 1-4-P,
1-4-T, 1-4-M, 1-4-B, represent-

(@)
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ing the Peak, Top, Medium,
and Bottom parts, respectively.
These fragments were studied
separately in order to reveal
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eventual changes in the distri-
bution of polytypes within a
single crystal. Full experiments
were performed and lattice pa-
rameters are reported in Tab. 1.

The diffraction patterns of
the apical part contain reflec-
tions of the pure 17 polytype
(subfamily C), with somewhat
diffusely smeared characteris-
v tic reflections (Fig. 5a—b). No
reflections of the A subfamily
are present. In the A4/ plane of
the top part, reflections of both

(b)

Fig. 4 Binary plots of x value (of the
ideal formula (Fe*', Fe* )(Si, Fe')

0.12 T T T T
0.55 0.60 0.65 0.70 0.75

x value of ideal formula

0.80

O,(OH),,) vs. Cl (apfu) (a) and Mg
(apfu) (b) for the studied cronstedtite
from Chynava.

0.90
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Fig. 5 Reciprocal lattice planes of the mixed crystal of A+C subfamilies, full experiments. a — The peak part of the crystal (1-4-P), ikl plane char-
acteristic of the subfamily C, some of reflections indicated by arrows. No reflections of the subfamily A are present in the image. b — The apical
part of the crystal, 40/ plane, reflections of the 17 polytype are indicated by arrows. Note diffuse streaks due to partial stacking disorder. ¢ — The
bottom part (1-4-B), full experiment (876 frames), Rigaku Oxford Diffraction SuperNova diffractometer, 44/ plane containing A+C subfamily
reflections (indicated by arrows). The C subfamily reflections are at the same levels as 00/ ones, while the A subfamily reflections are shifted in
vertical direction by +1/3 or —1/3 of the periodicity of 00/ ones. d — The bottom part (1-4-B), 40/ plane, characteristic reflections in diffuse streaks
are indicated. While the 17 and 37 polytypes can be relatively well recognized, the presence of the 67, polytype remains questionable. This image
is magnified 2.5% with respect to previous ones.

143



Jiti Hybler, Jifi Sejkora

(A+C) subfamilies are present, in the 40/ plane there are
strong 17 and very weak 37 characteristic reflections in
diffuse streaks. The diffraction patterns of the medium
part reveal strong C and very faint A subfamily reflec-
tions, and characteristic 17 reflections in diffuse streaks.

The bottom part was studied using the SuperNova
diffractometer (Rigaku Oxford Diffraction), with more
intense X-ray source. The diffraction patterns show again
presence of both (A+C) subfamilies (Fig. 5c). In diffuse
streaks, the 17 and, less intense, 37 reflections are pres-
ent. Moreover, very faint reflections revealing sextuple
periodicity can be recognized. A possible interpretation
might be an accessory of the non-standard polytype 67,
from the subfamily A (Fig. 5d). This polytype was re-
cently described from Pohled (Hybler et al. 2016), where
it is relatively abundant. However, because of scarcity
of characteristic reflections, presence of this polytype
remains uncertain.

The 1-4-T and 1-4-M fragments were placed into the
resin, polished sections were prepared and EPMA studies
in the WDS mode were performed. These fragments are
even more Mg-rich (0.22-0.24 apfu) and Fe-poor (x =
0.60—0.64) than all other crystals (Tab. 2, Fig. 4b).

Similar mixed crystal (1M+1T polytypes of A+C sub-
families) has been recognized by the first author in the
synthetic material prepared by Pignatelli et al. (2013).
Several mixed crystals of A+C subfamilies from Lost-
withiel, UK, were studied by precession method, HRTEM
(High Resolution Transmission Electron Microscopy),
and SAED by Kogure et al. (2002). Top parts of conical
crystals were built up of the well-ordered 17 polytype,
while bottom parts contained disordered domains of A
and C subfamilies. The subfamily A domains were some-
what more Fe rich, providing thus a brighter contrast in
BSE. Another A+C mixed crystal (1M+17) of an extrater-
restrial origin was reported by Miiller et al. (1979) in the
Cochabamba (CM2) carbonaceous chondrite.

4.2.General considerations

In the present occurrence, most specimens are very simi-
lar, with dominant 2/7, polytype accompanied sometimes
by 2. Other crystals (twinned 17 polytype and compli-
cated A+C subfamily crystal) are rare. Their occurrence
might be related to possible local changes of crystalliza-
tion conditions during the crystal growth. The differences
in contents of Mg seem not be important — a variety of
polytypes occur in Mg-free samples from other localities
as well. It should be noted that the Chynava sample is the
first known example of Mg-bearing terrestrial cronstedtite
without any Mn content.

The crystallization of cronstedtite and formation of
polytypes remains still unclear and should be a subject
of future research. It seems now probable that presence

of substituting elements in polyhedra (Mg, Mn, Al) or

in anionic positions (Cl in all recently studied occur-

rences, S in Nizna Slanad or meteorites) does not affect
the formation of polytypes. Some information about
the temperature range of crystallization (60-90 °C) was

provided by the experiment of Pignatelli et al. (2013),

however, without any pressure control.

Some characteristic properties of cronstedtite assem-
blages found/examined recently are summarized here:
1) Natural terrestrial cronstedtite always occurs in a very

intimate relation with pyrite: embedded, intergrown,

on the surface or in a close proximity (few mm). This
is not true for synthetic or meteoritic cronstedtite,
though.

2) In one assemblage, usually one or few type(s) of
crystals are dominant, like: 2/, (+sometimes 2/1))
polytype (this study); 17 (LitoSice); 37 polytype,
sometimes twinned (Nizna Sland); 2H +2H,, 3T+1M
mixed crystals, 67, (Pohled) (Hybler 1998, Hybler et
al. 2016, 2017). In the Pohled assemblage, all three
dominant types co-exist in a very small area (few cm?),
and there are no significant differences in chemical
compositions.

3) It has been confirmed in this and several previous
studies that there is certain relation of the Fe content
in tetrahedra to the formation of polytypes (or rather
subfamilies). The sequence of subfamilies, from Fe-
-poor/Si-rich to Fe-rich/Si-poor is as follows: C — A
— D, cf. analyses in Hybler et al. (2000, 2002, 2016,
2017) and Kogure et al. (2002).

4) Certain polytypes occur frequently (17, 37, 2H , 2H ),
while the other ones are rare.

5) Within one assemblage, and within one crystal type,
crystals of various degree of stacking disorder can be
found.

6) Besides the dominant crystal type(s), sporadic crystals
not typical of a given assemblage might occur.

7) Domains of different polytypes, even of different
subfamilies (usually C+A) might co-exist in a single
crystal. Also the degree of the stacking disorder can
change within one crystal.

These facts indicate that the formation of polytypes,
twins, mixed crystals, and variation in the degree of
disorder probably depend on very small spatial and/or
temporal changes in crystallization conditions.

5. Conclusions

The study represents a further part of systematic mapping
of occurrences of cronstedtite polytypes from localities
in Czech and Slovak republics. The cronstedtite polytype
2H, (of the subfamily — Bailey’s group D) was found to
be the most abundant in the sample from the borehole
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drilled near Chynava, Czech Republic. No dependence
between the chemical composition and the determined
polytype of cronstedtite has been observed.
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