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The layered iron silicate cronstedtite was encountered in ore veins in the exploration shaft mined in the Neoproterozoic
black shale-hosted pyrite-manganese deposit near LitoSice (Eastern Bohemia, Czech Republic) around 1955. It forms up
to 2 mm thick black double or single bands in symmetrically zoned hydrothermal veins cutting shales. The specimens
selected from available material were studied by single-crystal X-ray diffraction using the four-circle diffractometer with
an area detector. The chemical composition of some of the specimens was determined by the electron probe microanalysis
(EPMA) in the WDS mode. Furthermore, a polished section of the ore material with cronstedtite bands was prepared,
and the mineral association was analyzed with the aid of back-scattered electron (BSE) images. The interpretation of
reciprocal space (RS) sections produced by the diffractometer software allowed the determination of OD subfamilies
(Bailey’s groups) A, B, C, D, and polytypes. The 17 polytype (subfamily C), a =5.52, ¢ =7.12 A, space group P31m, is
the most abundant in the occurrence. In rare cases, it forms oriented crystal associations (allotwins) with the 1M polytype
(subfamily A), a=5.52 A, b=9.55,c=17.136 A, p = 104.4°, space group Cm. Fully disordered allotwinned crystals of
the A+C subfamilies were found, too. In addition, few allotwins of the polytype 2H, (subfamily D) with a small amount
of 2H,, were identified. Unit cell parameters are a = 5.49, ¢ = 14.21 A, space groups are P6,cm (2H,), and P6, (2H,).
EPMA-WDS of selected crystals of prevailing 17 polytype revealed elevated contents of Mn (0.19-0.62 apfis) and low
contents of Mg (up to 0.13 apfis) and Cl (up to 0.05 apfis), respectively. More rare 2H (+2H,) polytypes show elevated
contents of Mg in the range of 0.19-0.62 apfu and distinctly lower Mn (up to 0.07 apfu) and ClI contents (up to 0.01 apfis).
The BSE images reveal that cronstedtite bands are associated with multiple generations of carbonates (rhodochrosite,
siderite, rarely magnesite and calcite), quartz, opal, pyrite and carbonate-fluorapatite. Intense metasomatic replacement

of cronstedtite by opal and siderite appeared especially around the center of the studied vein.
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1. Introduction

The layered silicate cronstedtite is ‘Grandfathered’mineral
first described by Steinmann (1820, 1821) from the
Vojtéch Mine in Pfibram, and named in honor of the
Swedish chemist and mineralogist Axel Fredrik Cron-
stedt (*23. 12. 1722, +19. 8. 1765). It was subsequently
described from Rejské Lode in the Kaiik part of the Kutna
Hora ore district by Vrba (1886), and more recently by
Novak et al. (1957). Other occurrences reported in the
Czech Republic are Chvaletice (Novéak and Jansa 1965;
Hybler 1998), Pohled Quarry near Havlicktiv Brod
(Hybler et al. 2016), Chynava (Fiala 1951; Fiala and
Koutimsky 1980; Hybler and Sejkora 2017), and LitoSice
(Novak and Hoffman 1956; Hybler 1998, this study).
Several other occurrences in Central Europe were also
reported: Roziava (Varcek et al. 1990), Nizna Slana (Hy-
bler et al. 2017) in Slovakia, Nagybdrzsony in Hungary
(Hybler et al. 2020), and Lutherstadt Eisleben in Ger-
many (Hybler 2014). Generally, cronstedtite is a scarce
mineral, as it was usually found in a limited amount and/

or in a limited time window. Some occurrences are quite
unique — like a piece of a drill core from the Chynava
borehole, or a few pieces of the ore material found in
a veinlet in the Pohled Quarry, quickly removed by a
continuing excavation.

Cronstedtite typically occurs in low- and medium tem-
perature hydrothermal veins together with quartz, calcite,
in some cases with siderite, ankerite, rhodochrosite, and/
or rhodonite, but always with pyrite — on the surface,
in cavities, druses, inter-grown, in veinlets, or embed-
ded in the polycrystalline mass or weathering products
(e.g., Hybler et al. 2016, 2017). It has also been found
in metamorphic banded iron formations (Gole 1980a, b;
Lopez-Garcia et al. 1992), and in some meteorites, such
as 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. 2016, 2017, 2018).
Spectroscopic data suggest that cronstedtite might be
present in extraterrestrial environments, such as certain
dark regions of Mars (Calvin 1998) and on the dwarf
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planet Ceres (Zolotov 2014). Pignatelli et al. (2013,
2020) repeatedly synthetized micrometer-sized crystals
of cronstedtite by an iron—clay reaction at 60-90 °C.
Samples from these syntheses were later studied by Hy-
bler et al. (2018) by electron diffraction.

Cronstedtite belongs to 1:1 phyllosilicates of the
serpentine—kaolinite group (Steadman and Nuttall 1963,
1964; Steadman 1964). Its structural formula is (Fe*',
Fe** )(Si, Fe*" )O,(OH),, where x is usually in the range
of 0.5 to 0.85. 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 Si*" is
partially substituted by Fe*'in tetrahedral positions. Pre-
sumably, the proportion of Fe®* in octahedra balances
the charge deficiency in tetrahedra. Moreover, a partial
substitution of Fe*" in octahedra for Mn?" and/or Mg*" has
been reported in cronstedtite from some occurrences, e.g.,
Ptibram (Steinmann 1821; Damour 1860; Janovsky 1875;
Geiger et al. 1983), Chynava and Ouedi Beht, Morocco
(Hybler and Sejkora 2017; Hybler et al. 2021). The Mn-
rich analog of cronstedtite described from South Africa
was approved as a new distinct mineral species guidottiite
(Wahle et al. 2010).

The 1:1 layer silicates, including cronstedtite are typi-
cal representatives of Order-Disorder structures of layers
(OD structures in the following text) with a low degree of
desymmetrization (Dornberger-Schiff and Durovi¢ 1975a,
b; Durovi¢ 1981, 2004). They belong to the OD family,
subdivided into four OD subfamilies according to shifts
and/or rotations of consecutive (identical) layers. These
subfamilies are identical to Bailey’s (1969, 1988) groups:
A (polytypes 1M, 2M |, 3T, 6T,), B (20, 2M,, 6H), C (1T,
3R, 2T) and D (2H,, 6R,, 2H)). The stacking rules are
represented by the following operations: +a;/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 aj, b correspond to the vectors of trigonal and
orthohexagonal cells, respectively. Such variability of
layer stacking gives rise to a relatively high amount of
polytypes.

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

Existing single-crystal diffraction data for several
cronstedtite samples from LitoSice using the precession
camera resulted in the identification of only 17 polytype
(Hybler 1998). Later studies of cronstedtite from other
localities (Hybler and Sejkora 2017; Hybler et al. 2016,
2017, 2020) manifested the necessity of checking a

large number of specimens (tens or even hundreds) by
single-crystal X-ray diffraction in order to reveal pos-
sible variability.

The aim of this study is to provide detailed data on
the mineral cronstedtite using samples stored in the Na-
tional Museum, Prague, which have become available
for research. In particular, it focuses on testing more
specimens for polytypism, twinning, allotwinning and
stacking disorder, which might be present within one
occurrence, along with the determination of the chemical
composition, paragenesis and relations to other minerals
in the assemblage.

2. Occurrence

2.1. Geology

Neoproterozoic stratiform Mn-carbonate and pyrite
mineralization of “black shales” occurs in a disjunc-
tively disturbed synclinorium in the Chvaletice-Zdecho-
vice-Morasice-Litosice-Sovolusky belt in the Zelezné
hory, Proterozoic Unit (Central/Eastern Bohemia, Czech
Republic). The mineralization has been interpreted as
a product of submarine volcanic activity and is partly
affected (especially in the SE part) by metamorphic
processes (Bernard 1991). The prevailing stratiform ore
mineralization is accompanied by younger veins with a
high content of Mn. The Fe and Mn ores were mined on
a small scale in this area from the Middle Ages, and the
main deposit Chvaletice was exploited as a source of
pyrite for the chemical industry by a large open-pit mine
in 1951-1975. More than 30 million tons of pyrite ores
were produced (Bernard 1991).

2.2. Mining history and mineralogy

Litosice is a small village on the boundary of Central and
Eastern Bohemia, about 7 km SSW of Pielou¢, 20 km SW
of Pardubice. The approximately 500 m wide ore zone
strikes in NW-SE direction, starting 1 km W of LitoSice
and terminating 0.5 km SW of Sovolusky. It is largely
covered by forest except for its SE margin. This zone
represents a southeastern continuation of the Chvaletice
deposit.

In the study of Slavik (1928) and unpublished re-
search reports of Kempny et al. (1955) and Bartas
(1960), the mining activities were reported south of the
road LitoSice—Zehusice, i.e., 1.2 km W of LitoSice, in
1916-1917, 1919 and 1930. The 53 m deep shaft with
four levels and numerous adits was opened in 1919 or
1920 by the Prague Iron Company in this area. Moreover,
remnants of even older mining activity (depressions,
slumps) were apparent nearby, too. They were probably
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excavated for “limonite” from a gossan since the Middle
Ages. Slavik (1928) also reported two quarries near So-
volusky and Morasice opened in 1926 and 1927. Bartas
(1960) mentioned two smaller shafts SW from Sovolusky,
18 m and 11 m deep, respectively. All these workings
were exploited for the manganese ores. Following min-
erals were reported in the study of Slavik (1928) for the
Litosice area: pyrite, pyrrhotite, garnet, amphibole as-
bestos, arsenopyrite, chalcopyrite, quartz (colorless or in
the form of amethyst), manganite, hausmannite, calcite,
rhodochrosite, siderite, alunite, destinezite, aluminite,
delvauxite, vivianite, vashegyite, anthophyllite, and alone
curious discovery of anthracite. The genesis of LitoSice
and other deposits in the area was described by Slavik
(1929). In the 1950s, an extensive geological exploration
for pyrite mineralization in black shales was performed.
These workings, geological mapping and drilling, were
carried out from 1952 by the Central Geological Institute
(Usttedni Ustav Geologicky), Prague. From 1954, the
Czech-Moravian Ore Research (Ceskomoravsky rudni
prizkum), Kutna Hora continued in explorations by bor-
ing of denser network of boreholes and digging of shafts
10, 11, 13, 14, 15, 16. While only short galleries were
driven from the shafts 13, 14, 15, extensive networks
of adits on two levels were advanced from the shafts
10, 11 and 16. The aim of these explorations was the
verification of reserves of pyrite shales in the deposit for
the exploitation planned after the closure of the nearby
Chvaletice quarry. Several reports of these exploration
works are stored in the Czech Geological Survey — Geo-
fond, Prague: Bartas (1955, 1960), Kempny et al. (1955),
Fiala and Svoboda (1953, 1956), Papousek (1956a, b,
1957). The reports of Bartas (1955, 1960) are the most
comprehensive, containing numerous drilling profiles as
well as the geological map of adits dug on two levels (at
50 and 100 m depth) from shaft No. 10. The entire geo-
logical profile of excavation of shaft No. 10 is included in
the report of Kempny et al. (1955). A rhodochrosite vein
in the depth of 41-45 m, 50 cm thick, striking NW-SE
and dipping 58—66° to NE was encountered during the
digging of the shaft. Bartas (1960) reported two rhodo-
chrosite veins encountered in the heading denoted as 101
(depth 50 m), in direction SE 1-3 m and 18-20 m far
from the shaft, respectively. Another thin rhodochrosite
vein was also observed at cross adits denoted as 1001 and
1002 around the shaft.

Since pyrite used for the production of sulfuric acid
was gradually replaced by the import of native sulfur
from Poland since the late ’50s, the deposit was never
exploited and remained as a reserve. At present, the
shafts are abandoned, filled up with formerly excavated
material and remains of dismantled dumps. Zak (1955)
studied material from the shaft (as stated in the study)
1200 m S of Litosice, evidently corresponding to shaft

No. 10. He explored material from the ore vein at a depth
of 41-45 m. Alabandite (2 generations), accompanied by
other minerals: rhodochrosite (4 generations), neotokite,
pyrite, ankerite, quartz, chalcedony, was reported. No
cronstedtite was reported.

Novak and Hoffman (1956) described several miner-
als from the material collected in the area. They also
explored a dump of the shaft near Sovolusky (as they re-
ported) — evidently of shaft No 10. The authors described
samples with symmetrical bands of black cronstedtite
of the thickness up to 5 mm along with carbonate—rho-
dochrosite vein with quartz in the center. Qualitative
spectral and wet chemical analyses revealed a certain
content of Mn. However, they attributed it to a possible
admixture of rhodochrosite. The powder diffraction data
were reported and compared with data of cronstedtite
from Kutna Hora and Cornwall. No attempt to perform
single-crystal studies was made. Other minerals reported
from this shaft are opal, alabandite, neotokite, and pyrite.

Cronstedtite was later recognized in the material col-
lected by Lubor Zak (LZ) in 1955, originating from the
shaft No. 10, the ore vein at a depth of 41-45 m (LZ,
priv. comm.). Hybler (1998) presented the first prelimi-
nary single-crystal diffraction study of cronstedtite from
Litosice (obtained directly from LZ) and nearby Chva-
letice using the precession camera. He identified nothing
but the 17 polytype in a few samples from LitoSice he
studied at that time.

3. Samples

Small fragments of ore material provided by LZ to the
first author of this paper (JH), and several compact pieces
of carbonate veins with bands of cronstedtite stored in
the collection of the National Museum were used for this
study. All samples with their catalog numbers, donators,
and brief characteristics are reported in Tab. 1. With one
exception, all of them evidently originated from the shaft
No. 10 (GPS 49°58°23.8“N, 15°30°38.7“E); however,
the reported localities are distinct — LitoSice, Sovolusky,
Semtés, and Vapenka. The reason for this ambiguity,
also found in the studies cited above, is the location of
the shaft at comparable distances from given villages and
places. However, shaft No. 10 is located in the cadastral
area of Litosice. Thus this name is used for the locality
in the following text.

Note that two samples donated by LZ (PIN 111848
and PIN 111849), collected in 1955, are explicitly at-
tributed to shaft No. 10, depth of 47 m. The sample
PIN 111848 is presented in Fig. 1. The other two well-
localized samples came from the same shaft, depth of
50 m, first head (PIN 66872) or E-W-trending cross
adit 15 m from the shaft (PIN 74127). The relationship
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between these occurrences around shaft No. 10 cannot
be assessed. Cronstedtite usually forms double, rarely
single bands about 5 mm thick, symmetrically located
on both sides of the core of the vein, composed of opal
and Fe-Mn carbonates. It is black colored, with vitreous
luster and with perfect {001} cleavage.

The last listed sample is originally from the collec-
tion of Karel Padéra cat. No. PIN82054 is initially la-
beled as Mora$ice. The sample’s appearance and other
characteristics (polytypes, chemical compositions) are
similar to the other samples. However, the given village is
relatively far from shaft No. 10 (3.2 km). Thus the sample
possibly comes from another locality. In the proximity of
Morasice, two mining works are referred to in the Czech
Geological Survey — Geofond: an old, pre-1945 adit
(49°59°51.5“N, 15°29°10.3“E), and a post-WWII shaft

Tab. 1 List of samples used for the study.

Fig. 1 Ore vein with symmetrically ar-
ranged black double bands of cronsted-
tite. National Museum, Prague, catalog
number PIN 111848. Photo P. Skacha.

No. 52 (50°00°25.9“N, 15°28°36.6°E). Nevertheless, we as-
sume that the described sample comes from LitoSice, too, as
this ore district was previously referred to as Zdechovice—
MoraSice (Bernard et al. 1981), and localization of samples
from the Padéra’s collection is often not too accurate.

4. Experimental techniques

Crystals were separated from bands in the given samples
and under the stereomicroscope. The typical size of
specimens was 0.05-0.2 mm. Separated fragments were
labeled according to the catalog numbers of samples, like
PIN40571-1, PIN40571-2, etc. In the case of the PIN
111848 sample, several batches of fragments were taken
from individual sequentially labeled bands, with two

. Catalogue . Fragments
*
Origin Number Locality quoted Donated by Form studied
Lz LitoSice — shaft No. 10, dump Lubor Zak, personally to JH fragments 46
NM PIN 40571 Litosice — shaft No. 10 Lubor Zak bands in carbonate vein 18
NM PIN 52382  Sovolusky — shaft No. 10 V1. Hofman, Kutna Hora bands in carbonate vein 35
NM PIN 60314 LitoSice J. Hora, Prague bands in carbonate vein 6
NM PIN 66872 Vapenka near Semtes — shaft No. 10, P. Povondra, Prague bands in carbonate vein 9
carbonate vein on the 1. heading
Semtés — "Na vapence", shaft No. 10, -y . .
NM PIN 74127 E-W cross adit 15 m from the shaft J. V. Fri¢, Prague bands in carbonate vein 23
LitoSice — Vapenka, shaft No. 10, Lubor Z4k, Prague . .
NM - PINTUI848 4o h 47 m, 1200 m S from LitoSice  (in 2006, collected 1955) bands in carbonate vein 35
LitoSice — Vapenka, shaft No. 10, Lubor Z4k, Prague . .
NM PINTHIB49 - qosh 47 m, 1200 m S from Litosice  (in 2006, collected 1955) bands in carbonate vein none
NM PIN 82054 Morasice Karel Padéra, Prague bands in carbonate vein 24

* LZ — obtained directly from Lubor Zik; NM — collection of the National Museum, Prague
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batches representing two domains of band 3. The batches
were thus labeled as PIN111848-V1, PIN111848-V2,
PIN111848-V3H, PIN111848-V3S, and PIN111848-V4.
All fragments were glued onto the glass fibers. They were
studied by X-ray diffraction and some of them were after-
ward used for the electron probe microanalysis (EPMA).

4.1. Single crystal X-ray diffraction

Selected crystal fragments were studied by the single-
crystal X-ray diffraction with the aid of the four-circle
(double-wavelength) X-ray diffractometer Gemini A
Ultra (Rigaku Oxford Diffraction) equipped with the
CCD area detector Atlas S2 at the Institute of Physics,
Czech Academy of Sciences. The MoK radiation, with
graphite monochromator, A = 0.71070 A, and Mo-en-
hance fiber optics collimator were used. At the beginning
of the study, special pre-experiments were performed
covering a sufficiently large portion of the reciprocal
space. Later the strategy was changed: the quick pre-
experiment was performed first, followed by a complete
experiment with limited parameters (mainly exposure
time), but always covering the whole sphere. Such an
experiment typically required tens of minutes or sev-
eral hours. The CrysAlisPro version 171.41.93a (Rigaku
Oxford Diffraction 2021) package was used for the data

collection, unit cell parameters calculation, and process-
ing of data recorded. A total of 196 specimens were
tested. Some of them were later cleaved into smaller
fragments, which were studied separately. About 380
frames were recorded during special pre-experiments and
500-600 frames during full experiments. The “unwarp”
procedure created user-defined images of reciprocal
space sections (RS sections in the following), which are
equivalents of precession photographs.

The RS sections corresponding to six important
reciprocal lattice planes were generated: (2hhl, )*,
(hhl, )*, (h2hl, )*, (hOL, )*, (0Kl )*, and (hhl, )*.
Distributions of so-called subfamily reflections along the
reciprocal lattice rows [21/]*/[11/]*/[121]* in (2hA1,  )*
/(hhl, )*/(h2hl  )* planes, respectively, are used to
determine OD subfamilies (Bailey’s groups) A, B, C, D
(Dornberger-Schiff and Durovi¢ 1975a, b; Bailey 1969;
1988). Similarly, distributions of characteristic reflections
along [10/]*/[01/]*/[TL{]* rows in (hOZ,_)*/(Okl, )*/
(hhl, ) RS sections were used to determine polytypes.
Graphical identification diagrams for a simple visual
comparison with real diffraction patterns were used.
They were already published elsewhere (Miklos 1975;
Durovi¢ 1981, 1997; Weiss and Kuzvart 2005; Hybler et
al. 2018, 2021). Unit cell parameters of selected samples
are summarized in Tab. 2. For some specimens, the full

Tab. 2 Unit-cell parameters (in A, degrees, with standard uncertainties — s.u.‘s in parentheses), subfamilies (Bailey’s groups), and polytypes of

selected crystals of cronstedtite from LitoSice.

Sample a b, B c Group Polytype(s) Note

LZ-122 5.5162(6) 5.5162(6) 213342)  56219(11) CHA disordered Lisordered; diffuse streaks, cell parameters
of the subfamily A structure, Fig. 5

LZ-14 5.5290(12) 5.5290(12) 7.1262(15) 188.66(7)  C IT  Diffusely streaked, EPMA

LZ-23 5.5262(12) 5.5262(12) 7.124(2)  188.4009) C IT  Diffusely streaked, EPMA

L7-27 5.5264(16)  5.5264(16) 71513)  189.15(12) C+A  1reiy  Allotwin diffusely streaked, cell

parameters 17 polytype

5.5166(11) 9.5546(17); 104.44(2) 7.3585(17) 375.62(13) C+A IT+1M  Cell parameters 1M polytype, Fig. 4
LZ-40 5.5263(13) 5.5263(13) 7.1288(18) 188.54(8) C IT  Diffuse streaks, EPMA
Diffuse streaks, parasitic misoriented
LZ-41 5.5200(12) 5.5200(12) 7.1192)  187.86(8) C 1T coystals, EPMA
LZ-44 5.5181(15) 5.5181(15) 7.127(2)  187.94(9) C(+A?) 1T Subfamily A reflections weak, EPMA
PIN 40571-3 5.529(2) 5.529(2) 7.182(4)  190.16(15) C T g?ﬁfﬂ' weak, smeared, diffuse streaks,
Allotwin, strong 2H,, weak 2H, reflections,
PIN 40571-9 5.4942(5) 5.4942(5) 142146(13) 371606) D 2HFQH,) g S O M. Fig. 3
PIN 40571-13 5.5211(8) 5.5211(8) 7.1368(12) 188.40(5) C 1T Diffuse streaks, EPMA, Fig. 2
Poor crystal, char. refl. weak, diffuse
PIN 60314-2 5.552(5) 5.552(5) 7.069(9)  188.9(3) C 1T reaks. EPMA
Char. refl. weak, diffuse streaks, Debye
PIN 60314-4 5.545(2) 5.545(2) 7.1302)  189.89(13) C IT s EPMA
PIN 60314-6 5.5195(9) 5.5195(9) 7.1292(14 188.09(6) C 17 Sct?:i:te“m reflections strong, diffuse
PIN 74127-9 5.5248(9) 5.5248(9) 7.1444(16) 188.86(6) C 17 ;f::izte“mc reflections strong, diffuse
Characteristic reflections strong, diffuse
PIN 111848-V2-3 5.5176(10) 5.5176(10) 7.1233(16) 187.81(6) C IT reaks, Debye arcs, EPMA
Average cryst., char. refl. aver., diffuse
PIN 111848-V4-6 5.5170(6) 5.5170(6) 7.1377(10) 188.15(4) C 1T reaks, Debye ares. EPMA
PIN 82054-1 5.516(2) 5.516(2) 7.137(4)  188.06(15) C IT  Reportedly from Moragice? EPMA

EPMA — sample selected for EPMA, LZ — samples from Lubor Zak, other samples from National Museum
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experiment was repeated with modified parameters in
order to obtain more precise and less noisy RS sections
for the publication.

4.2. Electron probe microanalysis

The selected fragments of cronstedtite crystals (30 frag-
ments from 8 samples), in which polytypes were deter-
mined, were mounted in epoxy discs and polished by
diamond suspensions. In addition, one polished section
was prepared from a slab taken from the bulk vein with
cronstedtite bands of the sample PIN74127 to assess
the whole mineral paragenesis. After inspection under
a polarizing microscope, samples were coated with a
carbon layer of about 30 nm in thickness and analyzed
at the National Museum in Prague, using a CAMECA
SX-100 electron probe microanalyzer. Identification
of minerals based on rapid energy-dispersive spectra
(EDS) was followed by quantitative measurements
of chemical composition of selected phases in the
wavelength-dispersive (WDS) mode with an accelera-
tion voltage of 15 kV, beam current of 10 nA (apatite,
cronstedtite) or 5 nA (carbonates) and beam diameter
of 5 um. The following elements were analyzed in
individual mineral phases: cronstedtite: Al, Ca, Cl, F,
Fe, K, Mg, Mn, Na, P, S, Si, Zn; carbonates and SiO,
minerals: Al, Ba, Ca, Co, Fe, Mg, Mn, Na, Ni, P, S,
Si, Sr, Zn; apatite: Al, As, Ba, Ca, Ce, Cl, F, Fe, K,
Mg, Mn, Na, P, Pb, S, Si, Sr, Y and Zn. The following
standards and analytical lines were used: albite (Nak ),
baryte (BaL ), CePO, (CeL ), Co (CoK ), chalcopyrite
(Cuk)), clinoclase (AsLﬁ), fluorapatite (CakK , PK ),
celestite (SrLB, SK ), diopside (MgK ), halite (CIK ),
hematite (FeK ), LiF (FK ), Ni (NiK ), rhodonite

(hOl,,. )*

|

101}
1004

101}

|

[Ton*

Fig. 2 RS sections — equivalents of pre-
cession photographs of the polytype 17.
Indices of reciprocal lattice rows and of
selected reflections, as well as reciprocal
lattice vectors are indicated where po-
N et ssible. Auxiliary horizontal lines passing
4003 through the origins of sections are added
4002 to aid the eye in all RS section images
P00 presented in this study. a — The (hhl, )*
m‘i section. The reflections of [11/]*, and sym-
'00? o metry equivalent [T1/]*, reciprocal lattice
4002 .
o rows are at the same levels as reflections
2 of the [00/]* row. This arrangement is
- characteristic for the subfamily C. b — The
(hOL, )* section with characteristic reflec-
tions [10/]* and [TO/]*, also at the same
level as reflections of the [00/]* row, cha-
racteristic for the 17 polytype. The same
is valid also for second-order characteristic
rows [20/]* and [20/]*. Note smeared and
diffusely streaked characteristic reflections
due to partial stacking disorder. Specimen
PIN 40571-13.
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(MnK ), sanidine (KK , SiK , AIK ), vanadinite (PbM ),
wollastonite (CaK ), YVO, (YL ) and ZnO (ZnK ). The
peak counting times were between 10 and 20 s and half
of the peak time was used for both background posi-
tions. The raw counts were converted to wt. % using the
standard PAP procedure (Pouchou and Pichoir 1985).
Automatic correction of overlap CaK, - PK_ in carbon-
ate analyses was applied. Oxygen was calculated from
stoichiometry. The above-listed elements, which are
not included in the tables of primary data (Tabs S1-S3,
ESM) were in all cases below the limits of detection.
The contents of H,O, Fe** and Fe’*, as well as x-values,
were calculated on the basis of the general formula of
cronstedtite (Fe*", Fe’* )(Si, Fe’* )O,(OH),.

5. Results and discussion

5.1. Polytypes found

Cronstedtite crystals from LitoSice belong mostly to the
1T polytype. Unit cell parameters are a = 5.52, ¢ = 7.12
A, space group is P31m. It is the simplest polytype of the
subfamily (Bailey’s group) C, as it is built by the mere
stacking of layers without any shift. This polytype is
ubiquitous in all samples studied as well as in all bands.
Almost all crystals exhibit partial stacking disorder. The
characteristic reflections on RS sections are smeared, and
diffuse streaks along reciprocal lattice rows are present.
Well-ordered crystals providing sharp characteristic re-
flections are rare. Typical RS sections of partially disor-
dered 17 polytype are presented in Fig. 2.

The polytype 2H | (subfamily D) was identified in two
crystals from the sample PIN 40571. Both crystals also
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Fig. 3 RS sections of the polytype 2/, (hhl,,)* (hOl,., )*

with a small amount of the polytype . .

2H,, in fact, 2H +2H, allotwin. Selected : ' : : :
reflections are indexed and reciprocal : 5 s : @ p 3
lattice vectors are indicated when possi- . 4 ’ - . % s 4
ble. a — The (hhl, )* section, with re- - N é s g ¢ 3k

flections for the subfamily D in [11/]*, 3 - s g : s E e v =
and [T1/]* reciprocal lattice rows. Their . o1 (- s004 % > . . o+ 4 g004, . o .
periodicity is the half of [00/]* row, 5 T Tize 2c%002 G112« A e 102424002102 . L
which means doubled periodicity in - : %: ‘111111 : . ¢ 000 T—a:‘“’o <00
the direct space due to regular alterna- . 1127 1002 1z % . *  102¢ ‘002 ;102 i g
tions of layers rotated by 180°. b — The 3 2 %0z 4 y g {" fooz} *+ ™
(hOL, )* section. Strong characteristic p 2 y -y . . g Aoy B MR SRS
reflections [10/]* and [T0/]* have the : . ' N . % y T O
same periodicity as these of the [00/]* - : : E . : : ; :
row, because the / = 2n+1 reflections 4 i . . 3 s ¢
are absent due to systematic absences < 5 ¢ 3 ¢ %

of the space grqup P6,cm. The weak Zz1 ll_iI]* [o07* [1i,]* [221* Zon* [oon*  [200*

[ =2n+1 reflections belong to the po- @Bon*  [Hof* [10*  [300*

lytype 2H,, space group P6,. Specimen
PIN 40571-9.

contain a small amount of the polytype 2H,. For this kind
of oriented crystal association of polytypes Nespolo et al.
(1999) proposed the term allotwin. Unit cell parameters
are a =5.49, c = 14.21 A, space groups are P6.cm (2H ),
and P6, (2H,). The respective RS sections of one of such
allotwins are shown in Fig. 3. The second selected speci-
men is very poorly crystalline.

Several rare crystals in the occurrence produced com-
plex diffraction patterns containing the reflections of the
subfamilies C and A. Moreover, in diffraction patterns of
some of these crystals, the reflections of 17 as well as of
the 1M polytypes were found. These crystals represent
other examples of allotwins. While the 17 polytype is
common in the occurrence, the 1M polytype (¢ = 5.52
A, b=955 c=7136 A, p=104.4° space group Cm),
belonging to the A subfamily was identified only in sev-
eral specimens, and always as components of allotwins.
Representative RS sections are presented in Fig. 4.

The reciprocal lattice rows [2T/]*/[11/]*/[12[]* in
(2hhl, )*/(hhl  )*/(h2hI, )* planes (Fig. 4a) reveal su-
perposition of reflections of the A group (shifted by +1/3
or —1/3 of the periodicity of reflections of the [00/]* row),
and of the C group (with reflections at the same level as
in the [00/]* row). One of (k0L )*/(0kl, )*/(hhl  )*
RS sections reveal characteristic reflections at the level
of reflections of the [00/]* row. However, they contain
a contribution of the 17 polytype, and that of the plane
perpendicular to the symmetry plane (m) of the 1M poly-
type, i.e., the (h0/ )* RS section (Fig. 4d). The char-
acteristic reflections of both polytypes overlap. In other
RS sections of this kind, reflections of both polytypes are
separated; while the 17 polytype reflections are still in
the same positions, the 1M polytype reflections belong-
ing to the plane diagonal to the symmetry plane (m) are

shifted by 1/3 or —1/3 of the periodicity of the [00/]* row
(Fig. 4b—c). A similar allotwinned 17+ 1M (A+C) crystal
was identified by electron diffraction in the synthetic run
product (Hybler et al. 2018) and in a meteorite — Co-
chabamba carbonaceous chondrite (Miiller et al. 1979).
RS sections of isolated polytype 1M were published by
Pignatelli et al. (2013), Hybler (2014), and Hybler et al.
(2018, 2020). While the 1M polytype is generally rare,
the much more abundant polytype 37 from subfamily A
was not identified in the studied samples.

Several A+C allotwinned crystals are entirely disor-
dered. Diffraction patterns of one of such crystals are pre-
sented in Fig. 5. The rows of characteristic reflections are
replaced by diffuse streaks due to the stacking disorder.

5.2. Chemical composition of cronstedite

In order to examine compositional variability of the stud-
ied cronstedtite polytypes, a total of 235 spot analyses
from thirty selected fragments and 66 spot analyses from
a polished section of sample PIN74127 with cronstedtite
bands were collected. The complete data set of analyses
is given in Tab. S1 (ESM). The BSE imaging suggests
the compositional homogeneity of all studied fragments
of cronstedtite crystals.

For a predominant 17 polytype, the calculated x-
values in the general formula range between 0.69 and
0.86 (Tab. 3), and samples show characteristic elevated
contents of Mn in the range of 0.19-0.62 apfu (Fig. 6a),
while the contents of Mg are distinctly lower and do not
exceed 0.13 apfu (Fig. 6b). The presence of Mn and/
or Mg partially replacing Fe*" in octahedra has been re-
ported from some occurrences, e. g. Pfibram (Steinmann
1821; Geiger et al. 1983), Chynava (Hybler and Sejkora
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Fig. 4 RS sections of the rare allotwinned crystal of polytypes 17 and 1M of subfamilies C and A, respectively. Reciprocal lattice vectors are
indicated where possible. (a*, , b* ¢* are hexagonal reciprocal vectors, a* , b* ¢* aremonoclinic reciprocal vectors). a — The superposition of
(hhl, )* and (hOI _)* RS sections 17 and 1M polytypes, respectively. The reflections of the subfamily C in [11/]* and [11/]* rows (black indices)
are at the same level as reflections of the of [00/]* row, while the reflections of the subfamily A in [20/]* and [20/]* rows (red indices) are shifted
by 1/3 ¢* ¢ or —1/3 ¢*. b, ¢ — Superposition of the (hhl_ )* and (hhl_ )* RS sections, respectively, of the reciprocal lattice of the 1M polytype
diagonal to the plane of symmetry and (h0/, )* and (Ok/, )* sections, respectively, of the 17 polytype. The characteristic reflections of the 17" po-
lytype (black indices) are at the same level as reflections of the [00/]* row, while the characteristic reflections of the 1M polytype (red indices) are
shifted by 1/3 ¢* ¢ or —1/3 ¢*. d — Superposition of the RS section (0k/  )* of the reciprocal lattice of the 1M polytype perpendicular to the plane
of symmetry and (%41, )* section of the 17 polytype. In this case, reflections of both polytypes are at the same level as reflections of the [00/]*
row, and they thus overlap. Note also diffuse streaks along the rows of characteristic reflections due to partial stacking disorder and arc-shaped
subfamily reflections due to poor crystallinity of the sample studied. Specimen LZ-27.
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Fig. 5 RS sections of the rare disordered allotwinned crystal of subfamilies C and A. a — The (hhl, )* RS section with reflections of C and A
subfamilies like in Fig. 4a. b — The (h0/,, )* section, with diffuse streaks instead of the characteristic reflections due to the stacking disorder.
Specimen LZ-12-2.

2017) or Ouedi Beht, Morocco (Hybler et al. 2021). The
Mn-analogue of cronstedtite, guidottiite, was described
by Wahle et al. (2010) from "N’Chwaning Mines, South
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Africa. The elevated contents of Cl in the range 0.02—0.05
apfu were also determined in the studied samples; these
CI contents are negatively correlated with Mn (Fig. 6c).
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Fig. 6 Chemical composition of cronstedtite from LitoSice: a — x-value
vs. Mn (apfu). b — Mn vs. Mg (apfu). ¢ — Mn vs. Cl (apfu) plots.
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Tab. 3 Chemical composition of cronstedtite from LitoSice (apfir).

sample polytype Fe?* Mg Mn Al Fe’* Si S Cl OH x-value
LZ 1T mean 1.774  0.006 0.438 0.001 1.564 1.217 0.002 0.024 3.974 0.78
min 1.698  0.000 0393 0.000 1.426 1.174 0.000 0.018 3.966 0.72
max 1.889  0.036 0.493 0.010 1.653 1.282 0.006 0.030 3.982 0.83
PIN 111848 1T mean 1.847 0.008 0345 0.002 1.599 1.200 0.003 0.033 3.964 0.80
min 1.678  0.000 0219 0.000 1.486 1.146 0.000 0.017 3.942 0.74
max 1.985 0.046 0.484 0.025 1.708 1.257 0.006 0.053 3.982 0.85
PIN 40571 1T mean 1.887 0.006 0319 0.002 1.576 1.211 0.003 0.034 3.963 0.79
min 1.801  0.000 0270 0.000 1.396 1.162 0.000 0.026 3.954 0.70
max 1.977 0.034 0350 0.015 1.677 1302 0.005 0.044 3.972 0.84
PIN 52382 1T mean 1.788  0.007 0396 0.002 1.617 1.191 0.002 0.032 3.966 0.81
min 1.674  0.000 0.298 0.000 1.557 1.175 0.000 0.025 3.958 0.78
max 1.899 0.018 0.502 0.012 1.650 1.221 0.004 0.039 3.975 0.83
PIN 60314 1T mean 1.732 0.013 0.492 0.008 1.518 1.237 0.002 0.024 3.975 0.76
min 1.587  0.000 0393 0.000 1.422 1.188 0.000 0.018 3.964 0.72
max 1.819 0.039 0.617 0.037 1.617 1283 0.004 0.032 3.982 0.81
PIN 66872 1T mean 1.753  0.007 0.454 0.003 1.568 1.214 0.002 0.025 3.973 0.79
min 1.717  0.000 0.438 0.000 1.489 1.174 0.000 0.021 3.969 0.74
max 1.806  0.023 0.461 0.014 1.643 1255 0.004 0.029 3.977 0.83
PIN 74127 1T mean 1.845 0.003 0356 0.001 1.590 1.204 0.003 0.035 3.963 0.80
min 1.686 0.000 0.282 0.000 1.481 1.141 0.000 0.022 3.952 0.74
max 1.948 0.031 0486 0.014 1.719 1259 0.006 0.046 3.976 0.86
PIN 74127 (PS) 1T mean 1.811  0.027 0.395 0.009 1.525 1.233 0.002 0.030 3.968 0.77
min 1.640  0.000 0.188 0.000 1.341 1.136 0.000 0.020 3.954 0.69
max 2.084 0.131 0.516 0.075 1.729 1310 0.006 0.042  3.980 0.86
PIN 82054 1T mean 1.713  0.020 0.509 0.004 1.512 1.242 0.001 0.023 3.975 0.76
min 1.607 0.000 0.441 0.000 1.429 1.207 0.000 0.019 3.966 0.71
max 1.798 0.053 0.612 0.020 1.577 1.285 0.004 0.030 3.981 0.79
PIN 40571 2H(+2H,) mean 1.863  0.307 0.066 0.000 1.527 1.236 0.000 0.009 3.991 0.76
min 1.792  0.302 0.063 0.000 1418 1.167 0.000 0.007 3.990 0.71
max 1.924  0.310 0.068 0.000 1.666 1.291 0.000 0.010 3.993 0.83

The presence of minor Cl in cronstedtite has been already
known, e. g., from Pohled (Hybler et al. 2016), Chynava
(Hybler and Sejkora 2017), Nizna Slana (Hybler et al.
2017), or Ouedi Beht (Hybler et al. 2021). Detectable
contents of other elements were recorded only exception-
ally (A1 <0.08 apfu, S <0.01 apfu).

The chemical composition of the allotwin of 2H,
(+2H,) polytypes (Tab. 3) differs significantly from the
data of predominant 17 polytype (Fig. 6), especially by
low Mn (0.06-0.07 apfu) and Cl1 (0.01 apfu) contents and
an elevated content of Mg (up to 0.31 apfu). Calculated
x-values in the range of 0.71-0.83 correspond to data of
1T polytype. Similar chemical composition was deter-

mined for 2H, + 2H, polytypes in the central part of a
cronstedtite sample from Ouedi Beht (Hybler et al. 2021).

5.3. Cronstedite mineral association

Besides cronstedtite, sporadic carbonates and silica min-
erals replacing cronstedtite along the cleavage planes
were recorded in fragments of cronstedtite used for the
determination of polytypes (up to 0.2 mm in size). Car-
bonates, classified chiefly as siderite (Fig. 7), are chemi-
cally very heterogeneous among the individual samples
(Sd,, ,,Rds, ,Cal,  Mgs ). Rhodochrosite (Rds,, ,,

48-93 0387029 0-23
Sd3717

Sd, ,; in sample PIN11848 only) and calcite (Cal

2-3° 81-96
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Fig. 7 Variability in the chemical composition of carbonates. a — plot Fe-Mg—Mn. b — plot Fe-Ca-Mn. The grey arrows indicate a general trend
during the crystallization of carbonates. Note that calcite and magnesite data are not included in figures a and b, respectively. Abbreviations in
legend: LC — layer core, LM — layer margin, VC — veinlet core, VM — veinlet margin.

Mgs, ; in samples PIN74127 and PIN11848) are less com-
mon than siderite. The minimal and fragmentary data due to
the small size of these samples preclude any detailed inter-
pretation of evolution during crystallization of carbonates.

The sample PIN74127 was selected for a detailed
study of cronstedtite mineral association. It is formed by
the symmetrically zoned vein about 1.5 c¢m thick. The
vein consists of carbonates, cronstedtite, apatite, quartz,
opal and pyrite. Zoning of the vein suggests repetitive
open-space crystallization of main minerals, including
Fe—Mn carbonates, opal and cronstedtite. The primary
texture of the vein filling was modified by the processes
of metasomatic replacement, especially around the central
part of the vein.

Quartz and rhodochrosite, developed in the form of
hemispherical aggregates with a layered texture defined
by alternating layers of both minerals up to 0.5 mm
thick (Fig. 8a), represent the early phases of the vein
paragenesis. Quartz typically has a drusy character, being
present in well-developed isometric crystals. Fine-grained
rhodochrosite is chemically almost pure and exhibits no
zonation in BSE images.

The remainder of the vein filling is composed of
carbonates, cronstedtite and pyrite and contains several
intercalations of opal instead of quartz. Opal typically
forms botryoidal aggregates (Fig. 8b) and commonly
also fine impregnations in the associated carbonates,
as elevated Si contents indicate it in many of the WDS
analyses (Tab. S2). Opal is chemically mostly pure, al-
though the elevated contents of Fe, Mn and Mg in some
analyses indicate an admixture of carbonates.

Siderite

Rhodochrosite

Fe ' Mn

Cronstedtite forms two bands, each of about 2 mm in
thickness, situated close to the central part of the vein and
mutually separated by intercalations of Fe—Mn carbonate
and opal (Fig. 8b). In BSE images, no chemical zoning
was observed in cronstedtite aggregates. Cronstedtite is
partly replaced by Fe-Mn carbonates along grain bound-
aries and cleavage planes (Figs. 8b—c). The intensity
of this replacement increases towards the center of the
vein, where apical parts of a younger cronstedtite layer
are entirely replaced by aggregates of Fe—Mn carbonates
and opal (Fig. 8d).

Cronstedtite and opal layers in the younger portion
of the vein filling alternate with carbonate layers. Car-
bonates are dominated by siderite and rhodochrosite
(Tab. S2), which exhibit similar texture and fabric in
individual layers. The early massive fine-grained matrix
typically evolves into elongated randomly oriented and
mutually inter-grown branchy aggregates in the apical
part of the layer (Figs 8b, e). The remaining open space
in these porous parts was later wholly filled up by opal
or pyrite (Fig. 8¢). In BSE images, brighter cores of
individual branches are rimmed by a darker outer rim
(Figs 8b, e). Chemical composition evolves from rho-
dochrosite (Rds., ,,Sd, , Mgs  Cal ,) to a chemically
heterogeneous Fe/Mg-richer carbonate, which can be
classified as Fe-rich rhodochrosite, Mn-rich siderite, sid-
erite and/or Mg-rich siderite (Rds , .Sd, Mgs,  Cal ;
Fig. 7). Identical chemical evolution is also observed for
another morphological type of Fe-Mn carbonates present
in thicker veinlets cutting and replacing cronstedtite (Figs
8b—c): a center of the vein is formed by rhodochrosite

237



Jiti Hybler, Zdenék Dolnicek, Jifi Sejkora

Fig. 8 Mineral paragenesis and texture of vein fill of the sample NM74127 on BSE images: a — the oldest portion of the vein fill, composed of fine
layers of rhodochrosite (Rds), quartz (Qz) and minor pyrite (Py). b — branchy aggregates of rhodochrosite (Rds) overgrown by botryoidal opal (Opl)
and followed by a thick layer of cronstedtite (Cro). The remaining open space in cronstedtite aggregate is fulfilled by pyrite (Py). Cronstedtite is
weakly altered by siderite (Sd) along cleavage planes. ¢ — example of more pronounced alteration of cronstedtite (Cro) by carbonates (Rds, Sd).
d — youngest part of younger cronstedtite layer close to the center of the vein. In the central part of the figure, there is a cronstedtite grain which
was entirely replaced by opal (Opl) and siderite (Sd), with still well visible cleavage planes of original cronstedtite in the pseudomorphosis. In
the right part of the photograph, there are still preserved relics of cronstedtite in the carbonate matrix. e — growth zonality of branchy aggregates
of Fe—Mg carbonates (Rds — rhodochrosite, Sd — siderite), surrounded by opal (Opl) and cut by younger veinlet of magnesite (Mgs). f — radial
aggregate of apatite (Ap), partly replaced by rhodochrosite (Rds) and overgrown by botryoidal opal (Opl) and early cronstedtite layer (Cro). All
photographs taken by Z. Dolnicek.
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(Rds,, ,,Sd, ,,Mgs  Cal ), and both margins by siderite
to Mn-rich siderite (Rds, , Sd, ,Mgs, Cal _; Fig. 7).
By contrast, very thin veinlets are formed by siderite
only. The textural evidence suggests that rhodochrosite
was formed by crystallization in an open space (i.e.,
cementing open crack/fissure), whereas siderite origi-
nated by the replacement of cronstedtite. Thin veinlets
of Fe-Mn carbonates are often present also in opal,
but without signs of metasomatic replacement of this
host mineral (Fig. 8¢). Because of broad textural and
chemical similarities/variations, the mutual temporal
relationship of both major morphological types of Fe-
Mn carbonates (primary precipitates in layers versus
veinlets/replacements) remains unresolved. Magnesite
(Mgs,, ,Sd,_,Rds.Cal, ) is a very rare carbonate. It
forms either irregular small grains enclosed in opal,
small overgrowths on Mn-rich siderite, or tiny veinlets in
opal and primary layers of Fe-Mn carbonates (Fig. 8e).
The general geochemical evolution during individual
episodes of carbonate crystallization is uniformly char-
acterized by the elemental sequence Mn — Fe — Mg
(Fig. 7a). The Ca-richer (>8 mol. % of calcite molecule)
carbonates are very rare, recorded only in a single spa-
tially restricted domain.

Pyrite forms a filling of the remaining open space or
veinlets in aggregates of cronstedtite and the primary lay-
ers of Fe-Mn carbonates. It predates veinlets of Fe-Mn
carbonates replacing cronstedtite (Fig. 8c). Chemically, it
does not contain admixtures at levels detectable by EDS
spectra of the electron microprobe.

Apatite was observed only once. It forms a radial
aggregate 0.4 mm in size predating an early layer of
cronstedtite. The aggregate is overgrown and partly also
consumed by Fe-Mn carbonates (Fig. 8f). WDS analyses
showed significant admixtures of S and Mn and high
contents of F (Tab. S3). A systematic deficit of elements
in the position of phosphorus suggests the presence of
elevated contents of CO, (Tab. S3), implying that the
studied phase is carbonate-rich fluorapatite. Low analyti-
cal totals (97-98 wt. %; Tab. S3) may be associated with
increased porosity due to the mechanism of formation of
this mineral phase: specifically in the low-temperature
sedimentary environment, there is presumed that crys-
tallization of apatite would be a long-lasting process.
Initially, an unstable gel-like non-stoichiometric calcium
phosphate precipitates, which subsequently matured by
water loss and stabilized by sorption of F and CO, anions
during interactions with circulating pore waters, giving
rise to crystalline carbonate-fluorapatite (e.g., Slansky
1986; Froelich et al. 1988; Stalder and Rozendaal 2004).
Therefore, low analytical totals may be associated with
fine porosity originating during the loss of water from the
original gel-like substance.

6. Conclusions

The study represents a contribution to our systematic
research of polytypism, chemical composition, and min-
eralogical association of cronstedtite, with a larger focus
on Czech and Slovak localities.

The polytype 17 (subfamily C) is the most abundant in
the samples studied. The allotwins 17+1M (of subfamilies
C+A) occur rarely, but they represent the first known
examples from the natural terrestrial environment. Previ-
ously they were reported from the synthetic run product
or meteorite (Miiller et al. 1979; Hybler et al. 2018).
Disordered allotwins of C+A subfamilies were observed
for the first time. The polytype 2/, allotwinned with a
small amount of 2/7, of the D subfamily is common in
many localities but in LitoSice occurs rarely. Although the
chemical composition of cronstedtite from other localities
is usually uniform inside the occurrence, in LitoSice, a
significant difference was recorded: The subfamily C
crystals are relatively rich in Mn (0.2—0.6 apfu) and poor
in Mg, while the subfamily D crystals are rich in Mg (0.3
apfu) and poor in Mn (cf. Tab. 3).

The studied cronstedtite is a part of the symmetrically
zoned hydrothermal vein cutting pyrite shales and is as-
sociated with abundant Fe—Mn carbonates (rhodochro-
site, siderite), opal, quartz, pyrite, and minor magnezite,
calcite, and carbonate-fluorapatite. The Fe—Mn carbon-
ates, opal and quartz undoubtedly occur in multiple
generations. The textural features, mineral assemblage
and chemical composition of vein minerals suggest low
temperatures of vein formation. Nevertheless, intense
metasomatic replacement of younger portions of cronst-
edtite filled by opal and siderite was widespread in the
studied vein. A distinct unified chemical trend (Mn — Fe
— Mg) was observed during each episode of crystalliza-
tion of carbonates.
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