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Introduction

The rare mineral cronstedtite has been first described as
early as in 1820 from the Vojtéch Mine in Piibram by
Steinmann in 1820 [1, 2]. It is named in honor of Swedish
chemist and mineralogist Axel Fredrik Cronstedt
(*23.12.1722, +19.8.1765), one of founders of the modern
mineralogy. Besides other things, he discovered mineral
scheelite, element nickel, named element tungsten and de-
fined zeolites.

In our country, cronstedtite has been later described
from Kaik near Kutnd Hora by Vrba in 1886 [3, 4], and
later by Novak etal. in 1957 [5], LitoSice and Sovolusky [6,
7], Chvaletice [8, 7], Chynava [9, 10] and quite recently
from Pohled quarry near Havlickiv Brod [11]. In Slovakia
cronstedtite was found in Roznava [12], and Nizna Slana
[13].

Other known localities are Gernrode, Lutherstadt
Eisleben (Germany), Lostwithiel, Wheal Maudlin, Wheal
Jane (Cornwall, UK), Chiuzbaia and Herja mine near
Chiuzbaia (Romania).

Cronstedtite typically occurs in low- and medium tem-
pered hydrothermal veins with pyrite — on the surface, in
cavities, inter-grown, or embedded in the polycrystalline
mass or weathering products. Other accompanying miner-
als are: quartz, calcite, sometimes siderite, ankerite, galena,
sphalerite, rhodochrosite, and/or rhodonite. It has been also
found in metamorphic deposits [14-16], and in some mete-
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orites — CM chondrites [17-23]. Its occurrence is assumed
on some asteroids, e.g. Ceres.

The only synthesis of cronstedtite to date was referred
by Pignatelli et al. [24].

Cronstedtite is black, with vitreous lustre and perfect
cleavage along basal planes. Crystal habits are very vari-
able: Triangular pyramids, truncated pyramids, triangular,
hexangular, regular plates, laths, acicular, conical, sheaf
like.

Frondel [25], and later Steadman & Nuttall [26, 27],
and Steadman [28], revealed that cronstedtite belonged to
1:1 phyllosilicates of the serpentine-kaolinite group Its for-
mula reads: (Fe*';. Fe*",)(Si,..Fe’",)Os(OH)4, (where x is
usually in the range 0.5 to 0.8). Its structure is composed of
edge-sharing octahedral and adjacent corner-sharing tetra-
hedral sheets, forming together 1:1 layer [29, 30]. Octahe-
dral positions are occupied by Fe*" and Fe’', while in
tetrahedral positions Si*" is partially substituted for Fe’".
The proportion of Fe’™ in octahedra balances deficiency of
charge in tetrahedra. Layers are interconnected by hydro-
gen bonds, with OH groups of octahedral sheets as donors
and basal oxygen atoms of tetrahedral sheets as acceptors.
(Figure 1).

The 1:1 layer silicates including cronstedtite are typical
representatives of OD structure of layers [31, 32, 33, 34].
The polytypes of this OD family can be subdivided accord-
ing to shifts and/or rotations of consecutive (identical) lay-
ers, into four OD-subfamilies, or Bailey’s [29, 30] groups:
A (polytypes 1M, 2M,, 37), B (20, 2M,, 6H), C (17, 3R,
27), D (2H,, 6R, 2H,). The stacking rules are represented
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Figure 1. Structure of cronstedtite, two 1:1 layers, side view.
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Figure 2. Possible displacement vectors of 1:1 layers with hexago-
nal and orthohexagonal cells indicated.

by following operations: + aj/3 shifts for subfamily A, +
aj/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 a;, b correspond
to the vectors of trigonal (¢ ~ 5.5, ¢ ~ 7.1 A), and
orthohexagonal protocells, respectively. Possible shift vec-
tors together with the standard nomenclature used for de-
scriptions of stacking sequences are presented in Figure 2.
All polytypes listed above are so-called MDO (Maximum
Degree of Order), whose stacking sequences contains the
least possible kinds of equivalent triplets, in these cases
only one.

Recently structures of several most frequently occuring
MDO polytypes were refined: 37 [35]; 1T[36]; 2H, [37].

Experimental techniques

Subfamilies and polytypes are identified with aid of char-
acteristic single crystal X-ray diffraction pattern of recipro-
cal lattice planes (2hhlyey)*/(hhlpe)*/(W2h1,.)*, and
(h01),0)*/(Oklyer) ¥/(hhljer)*,  respectively.  Traditionally
these patterns were recorded by the precession method, but
now-a-days they can be more quickly obtained with aid of
modern diffractometers with area detectors during a user-
defined pre-experiment or a quick experiment [11]. This
technique allows checking of many crystal fragments in a
reasonable time. The precession-like images are obtained
with aid of the diffractometer software [38]. The distribu-
tions of reflections along [2V]*/[11/]*/[12]* and
[10/7*/[01/]*/[11/] reciprocal lattice rows were compared
with graphical diagrams serving for the subfamily and
polytype determination, respectively. Diagrams were pub-
lished e.g. in [39, 40].

Some already checked crystals were later placed into
resin, and polished sections for EMPA (electron micr-
oprobe analysis) were prepared and analyses performed.
Selected good quality crystals were later used for data col-
lection for the complete structure analysis.

Figure 3. Cronstedtite crystal in pyrite from Pohled, photo J.
Sejkora.

For small crystals (of few micrometer size), the EDT
(electron diffraction tomography) was used. This tech-
nique provides similar reciprocal space sections. The pow-
der diffraction is not reliable in many cases for the polytype
determination [40].

Recent findings

Revisions of some older samples, EDT studies of synthetic
material [24], and X-ray diffraction studies of samples
from new occurrences (mainly of Pohled and Nizn4 Slana
[11, 13], see Figures 3, 4) were performed in last years.
Some interesting results are summarized here.

The rare 1M polytype

This polytype (a =5.5033(3), b =9.5289(6), c = 7.3328(5)
A, B=104.493(7)s, space group Cm) belongs to the group
A, similarly as the much more abundant 37 (a=5.499(2), ¢
=21.260(8) A, space group P3;). Although it is otherwise
very rare in natural samples, it was found out as the domi-
nant polytype in the cronstedtite synthetized by Pignatelli
et al. [24]. Because of small size of crystals, the studies
were performed with aid of SAED and EDT.

A rare cronstedtite- 1M single crystal from Lutherstadt
Eisleben, Germany was identified by Miklos [41]. Despite
a high degree of stacking disorder, it was used for the data
collection and successful structure refinement [42].

Mixed crystals 3T + 1M

Both polytypes belong to the subfamily A. The diffraction
pattern is a superposition of patterns both polytypes. The
characteristic reflections in [10/]*/ [01/]* /[11] ]* rows of
the 37 polytype reveal triple periodicity with respect of the
[00/]* row. The presence of 1M polytype causes a change
of intensities: every third reflections along the rows are
stronger. In the plane perpendicular to the mirror plane of
1M, the [ = 3n reflections of 37 become stronger, while in
other two planes the /=3n+1 or [ = 3n+2 reflections (of 37)
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Figure 4. SEM image of cronstedtite crystals from Nizna Sland,
photo M. Stevko.

become stronger. Durovié [40] modelled diffraction pat-
terns for various proportions of both polytypes.

Mixed crystals are very abundant in samples from
Nizna Slana and quite common in Pohled. Rarely they oc-
cur also in synthetic samples. The 1M polytype occurs pref-
erentially in mixed crystals, rather than isolated.

Non-MDO polytype 6T,

This polytype was discovered for the first time in
cronstedtite from Pohled [11], and it was relatively abun-
dant in the material from this locality. The lattice parame-
ters are a = 5.4976(3), ¢ = 42.601(1) A, space group P3,.
While the subfamily reflections correspond well to the
subfamily A, the characteristic reflections in [10/]*/[01/]*
/[11] 1* rows reveal sextuple periodicity. This pattern does
not fit to any known MDO polytype. The structure model
was found and refined by Hybler [43]. The stacking se-
quence contains two kinds of equivalent layer triplets,
while the A subfamily allows construction of MDO
polytypes using one kind of triplets only.

Since it has been already described another sextuple
non-MDO polytype 67; (belonging to the subfamily D), of
the isostructural mineral lizardite [44], the proposed
Ramsdell symbol of the new polytype is 675.

The 2M; polytype

This even more rare polytype (a =5.497(2), b=9.507(2), ¢
= 14.267(6) A, B = 97.25(3), space group Cc) of the
subfamily A was detected in mixed crystals with 67,
polytype in several specimens from Pohled [11]. It was also
detected inter-grown with 37 and in separated crystals in
the synthetic material [24]. Individual crystals of the size
and quality appropriate for data collections were not found
to date.

Twins by reticular merohedry of polytypes of
the subfamily A

Reciprocal lattice sections of some crystals of the 37
polytype revealed existence of a twin by reticular mero-
hedry of order 3. The twofold (or more general (2n - 1) X
60°) rotation parallel to the threefold axis of the R lattice
exchanges obverse/reverse settings of the rhombohedral

subfamily A structure. In the diffraction pattern subfamily
reflections produced by both twin domains are superim-
posed. On the other hand, the characteristic reflections
seem to be unaffected. Such a twinning is possible in the
subfamily A.

This twinning appeared mostly in cronstedite-37 from
Nizna Slana [13], (about one half of crystals studied).
Rarely it was indicated in one 673 and one 37 + 1M mixed
crystal from Pohled [11]. These studies provided evidence
of this kind of twinning by X-ray diffraction. However, in
the early study of Vrba [3], a picture of two interpenetrat-
ing trigonal pyramids rotated by 180° is presented. It seems
probable, that this crystal is twinned by the law described
above.

2H, + 2H, mixed crystals

Both polytypes belong to the subfamily D, characterized by
regular alternation of 180° rotation of consecutive layers.
In the 2H, these rotations are combined with regular alter-
nation of + b/3 and -b/3 shifts, while in the 2H; polytype
there is no shift of layers. Thus the crystals have tendency
to “switch” between both polytypes during the growth.
Lattice parameters of both polytypes are a = 5.5002(4), ¢ =
14.195(1) A, space groups: P6scm (2H,), P63 (2H,). The
presence of 2H, polytype is indicated by the occurrence of
107, 01/, hhl characteristic reflections with /= 2n, forbidden
in P6;cm, but allowed in P63 groups. The stronger these re-
flections are, the higher amount of 2H, the crystal contains.

Mixed 2H, + 2H, crystals were found in the Pohled
samples, most of them were 2H, dominant, some of them
were “almost pure” 2H,. The 2H, dominant crystals were
less frequent. In Nizna Sland a rare higly disordered 2H,
crystal with traces of 2H, was found.

Unknown polytype of the subfamily D

Some 2H, +2H, mixed crystals from Pohled contained few
extra reflections indicating a presence of further yet un-
known polytype, probably of sextuple periodicity, not
identical with the MDO polytype 6R. Because of a scarcity
of reflections it could not be identified.

Chemical composition

Some selected crystals from Pohled and Nizné Sland were
studied by EPMA. Results provided composition within
range of the general formula. Small amounts of Cl were in-
dicated in samples from both localities (0.009 to 0.06 at-
oms per formula unit apfi). Moreover, Nizna Slana
cronstedtite contained also an accessory amount of S (up to
0.11 apfu) [11, 13].

Further studies

In Chynava, a calcite-quartz veinlet with pyrite and crons-
tedtite was encountered in a bore-hole in a depth 202 m in
1944 [9, 10]. A quite recent study refers the “pure” 2H,
polytype and 2H, + 2H, (2H, dominant) mixed crystals
[45]. One rare crystal of the 37 polytype, and a compli-
cated, partially disordered crystal containing 17 (subfamily
C), 3T and probably 67, (subfamily A) polytypes were also
found. The EPMA study reveals a certain amount of Mg
(0.13-0.24 apfur) in all crystal fragments analysed.
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Samples from from LitoSice-Sovolusky-MorasSice re-
gion are now under investigation. A rhodochrosite vein
with four parallel veinlets of cronstedtite and pyrite was en-
countered in the exploration shaft during the geological
survey in 1950’s.
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