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In tro ducti on

The rare min eral cronstedtite has been first de scribed as
early as in 1820 from the Vojtìch Mine in Pøíbram by
Steinmann in 1820 [1, 2]. It is named in honor of Swed ish
chem ist and min er al o gist Axel Fredrik Cronstedt
(*23.12.1722, †19.8.1765), one of found ers of the mod ern

min er al ogy. Be sides other things, he dis cov ered min eral
schee lite, el e ment nickel, named el e ment tung sten and de -
fined zeolites. 

In our coun try, cronstedtite has been later de scribed
from Kaòk near Kutná Hora by Vrba in 1886 [3, 4], and
later by Novák et al. in 1957 [5], Litošice and Sovolusky [6, 
7], Chvaletice [8, 7], Chyòava [9, 10] and quite re cently
from Pohled quarry near Havlíèkùv Brod [11]. In Slovakia
cronstedtite was found in Rožòava [12], and Nižná Slaná
[13]. 

Other known lo cal i ties are Gernrode, Lutherstadt
Eisleben (Ger many), Lostwithiel, Wheal Maud lin, Wheal
Jane (Cornwall, UK),  Chiuzbaia and Herja mine near
Chiuzbaia (Ro ma nia).  

Cronstedtite typ i cally oc curs in low- and me dium tem -
pered hy dro ther mal veins with py rite – on the sur face, in
cav i ties, inter-grown, or em bed ded in the polycrystalline
mass or weath er ing prod ucts. Other ac com pa ny ing min er -
als are: quartz, cal cite, some times sid er ite, an ker ite, ga lena, 
sphalerite, rhodochrosite, and/or rhodo nite. It has been also 
found in meta mor phic de pos its [14-16], and in some me te -

or ites – CM chondrites [17-23]. Its oc cur rence is assumed
on some asteroids, e.g. Ceres.

The only syn the sis of cronstedtite to date was re ferred
by Pignatelli et al. [24].

Cronstedtite is black, with vit re ous lus tre and per fect
cleav age along basal planes. Crys tal hab its are very vari -
able: Tri an gu lar pyr a mids, trun cated pyr a mids, tri an gu lar,
hexangular, reg u lar plates, laths, acicular, con i cal, sheaf
like. 

Frondel [25], and later Steadman & Nuttall [26, 27],
and Steadman [28], re vealed that cronstedtite be longed to
1:1 phyllosilicates of the ser pen tine-kaolinite group Its for -
mula reads: (Fe2+

3-x Fe3+
x)(Si2-xFe3+

x)O5(OH)4, (where x is
usu ally in the range 0.5 to 0.8). Its struc ture is com posed of
edge-shar ing oc ta he dral and ad ja cent cor ner-shar ing tet ra -
he dral sheets, forming to gether 1:1 layer [29, 30]. Oc ta he -
dral po si tions are oc cu pied by Fe2+ and Fe3+, while in
tet ra he dral po si tions Si4+ is par tially sub sti tuted for Fe3+.
The pro por tion of Fe3+ in octahedra bal ances de fi ciency of
charge in tet ra he dra. Lay ers are in ter con nected by hy dro -
gen bonds, with OH groups of oc ta he dral sheets as do nors
and basal ox y gen at oms of tet ra he dral sheets as acceptors.
(Figure 1).

The 1:1 layer sil i cates in clud ing cronstedtite are typ i cal
rep re sen ta tives of OD struc ture of lay ers [31, 32, 33, 34].
The polytypes of this OD fam ily can be sub di vided ac cord -
ing to shifts and/or ro ta tions of con sec u tive (iden ti cal) lay -
ers, into four OD-subfamilies, or Bailey’s [29, 30] groups:
A (polytypes 1M, 2M1, 3T), B (2O, 2M2, 6H), C (1T, 3R,
2T), D (2H1, 6R, 2H2). The stack ing rules are rep re sented
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Fig ure 1. Struc ture of cronstedtite, two 1:1 lay ers, side view.



by fol low ing op er a tions: ± ai/3 shifts for subfamily A, ±

ai/3 shifts com bined with 180° ro ta tion for subfamily B, ±
b/3 or no shift for subfamily C,  ± b/3 or no shift com bined

with 180° rotation for subfamily D, where ai, b cor re spond
to the vec tors of trigonal (a ~ 5.5, c ~ 7.1 C), and
orthohexagonal protocells, re spec tively. Pos si ble shift vec -
tors to gether with the stan dard no men cla ture used for de -
scrip tions of stack ing se quences are pre sented in Fig ure 2.
All polytypes listed above are so-called MDO (Maximum
Degree of Order), whose stack ing se quences con tains the
least pos si ble kinds of equiv a lent trip lets, in these cases
only one.

Recently structures of several most frequently occuring 
MDO polytypes were refined: 3T [35]; 1T [36]; 2H2 [37].

Ex per i men tal tech niques

Subfamilies and polytypes are iden ti fied with aid of char -
ac ter is tic sin gle crys tal X-ray dif frac tion pat tern of re cip ro -
cal lat tice planes (2hhlhex)*/(hhlhex)*/(h2hlhex)*, and
(h0lhex)*/(0klhex)*/(hhlhex)*, re spec tively. Tra di tion ally
these pat terns were re corded by the pre ces sion method, but
now-a-days they can be more quickly ob tained with aid of
mod ern diffractometers with area de tec tors dur ing a user-
 de fined pre-ex per i ment or a quick ex per i ment [11]. This
tech nique al lows check ing of many crys tal frag ments in a
rea son able time. The pre ces sion-like im ages are ob tained
with aid of the diffractometer soft ware [38]. The dis tri bu -
tions of re flec tions along [21l]*/[11l]*/[12l]* and
[10l]*/[01l]*/[11l] re cip ro cal lat tice rows were com pared
with graph i cal di a grams serv ing for the subfamily and
polytype de ter mi na tion, re spec tively. Di a grams were pub -
lished e.g. in [39, 40].

Some al ready checked crys tals were later placed into
resin, and pol ished sec tions for EMPA (elec tron micr -
oprobe anal y sis) were pre pared and anal y ses performed.
Se lected good qual ity crys tals were later used for data col -
lec tion for the com plete struc ture analysis. 

For small crys tals (of few mi crom e ter size), the EDT
(elec tron dif frac tion to mog ra phy) was used. This tech -
nique pro vides sim i lar re cip ro cal space sec tions.  The pow -
der dif frac tion is not re li able in many cases for the polytype 
de ter mi na tion [40].

Re cent find ings

Re vi sions of some older sam ples, EDT stud ies of syn thetic
ma te rial [24], and X-ray dif frac tion stud ies of sam ples
from new oc currences (mainly of Pohled and Nižná Slaná
[11, 13], see Fig ures 3, 4) were per formed in last years.
Some in ter est ing re sults are sum ma rized here.

The rare 1M po ly ty pe

This polytype (a = 5.5033(3), b = 9.5289(6), c = 7.3328(5)

C, b = 104.493(7)º, space group Cm)  be longs to the group
A, sim i larly as the much more abun dant 3T (a = 5.499(2), c
= 21.260(8) C, space group P31). Al though it is oth er wise
very rare in nat u ral sam ples, it was found out as the dom i -
nant polytype in the cronstedtite synthetized by Pignatelli
et al. [24]. Be cause of small size of crys tals, the stud ies
were per formed with aid of SAED and EDT.

A rare cronstedtite-1M sin gle crys tal from Lutherstadt
Eisleben, Ger many was iden ti fied by Mikloš [41]. De spite
a high de gree of stack ing dis or der, it was used for the data
col lec tion and suc cess ful structure re fine ment [42].

Mi xed crys tals 3T + 1M 

Both polytypes be long to the subfamily A. The dif frac tion
pat tern is a su per po si tion of pat terns both polytypes. The
char ac ter is tic re flec tions in [10l]*/ [01l]* /[11l ]* rows of
the 3T polytype re veal tri ple pe ri od ic ity with re spect of the
[00l]* row. The pres ence of 1M polytype causes a change
of in ten si ties: ev ery third re flec tions along the rows are
stron ger. In the plane per pen dic u lar to the mir ror plane of
1M, the l = 3n re flec tions of 3T be come stron ger, while in
other two planes the l = 3n+1 or l = 3n+2 re flec tions (of 3T)
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Fig ure 2. Pos si ble dis place ment vec tors of 1:1 lay ers with hex ag o -
nal and orthohexagonal cells in di cated.

Fig ure 3. Cronstedtite crys tal in py rite from Pohled, photo J.
Sejkora.



be come stron ger. Ïuroviè [40] mod elled dif frac tion pat -
terns for var i ous pro por tions of both polytypes.

Mixed crys tals are very abun dant in sam ples from
Nižná Slaná and quite com mon in Pohled. Rarely they oc -
cur also in syn thetic sam ples. The 1M polytype oc curs pref -
er en tially in mixed crys tals, rather than isolated. 

Non-MDO po ly ty pe 6T2

This polytype was dis cov ered for the first time in
cronstedtite from Pohled [11], and it was rel a tively abun -
dant in the ma te rial from this lo cal ity. The lat tice pa ram e -
ters are a = 5.4976(3), c = 42.601(1) C, space group P31.
While the subfamily re flec tions cor re spond well to the
subfamily A, the char ac ter is tic re flec tions in [10l]*/[01l]*
/[11l ]* rows re veal sex tu ple pe ri od ic ity. This pat tern does
not fit to any known MDO polytype. The struc ture model
was found and re fined by Hybler [43]. The stack ing se -
quence con tains two kinds of equiv a lent layer trip lets,
while the A subfamily al lows con struc tion of MDO
polytypes us ing one kind of trip lets only.

Since it has been al ready de scribed an other sex tu ple
non-MDO polytype 6T1 (be long ing to the subfamily D), of
the isostructural min eral lizardite [44], the pro posed
Ramsdell sym bol of the new polytype is 6T2. 

The 2M1 po ly ty pe

This even more rare polytype (a = 5.497(2), b = 9.507(2), c

= 14.267(6) C, b = 97.25(3), space group Cc) of the
subfamily A was de tected in mixed crys tals with 6T2

polytype in sev eral spec i mens from Pohled [11]. It was also 
de tected inter-grown with 3T and in sep a rated crys tals in
the syn thetic ma te rial [24]. In di vid ual crys tals of the size
and qual ity ap pro pri ate for data col lec tions were not found
to date. 

Twins by re ticu lar me ro hed ry of po ly types of 
the sub fa mi ly A

Re cip ro cal lat tice sec tions of some crys tals of the 3T
polytype re vealed ex is tence of a twin by reticular mero -
hedry of or der 3. The two fold (or more gen eral (2n - 1) ×
60°) ro ta tion par al lel to the three fold axis of the R lat tice
ex changes ob verse/re verse set tings of the rhombohedral

subfamily A struc ture. In the dif frac tion pat tern subfamily
re flec tions pro duced by both twin do mains are su per im -
posed. On the other hand, the char ac ter is tic re flec tions
seem to be un af fected.  Such a twinning is pos si ble in the
subfamily A. 

This twinning ap peared mostly in cronstedite-3T from
Nižná Slaná [13], (about one half of crys tals stud ied).
Rarely it was in di cated in one 6T2 and one 3T + 1M mixed
crys tal from Pohled [11]. These stud ies pro vided ev i dence
of this kind of twinning by X-ray dif frac tion. How ever, in
the early study of Vrba [3], a pic ture of two inter pen etrat -

ing trigonal pyr a mids ro tated by 180° is pre sented. It seems 
prob a ble, that this crys tal is twinned by the law de scribed
above.

2H1 + 2H2 mi xed crys tals

Both polytypes be long to the subfamily D, char ac ter ized by 

reg u lar al ter na tion of 180° ro ta tion of con sec u tive lay ers.
In the 2H2 these ro ta tions are com bined with reg u lar al ter -
na tion of + b/3 and -b/3 shifts, while in the 2H1 polytype
there is no shift of lay ers. Thus the crys tals have ten dency
to “switch” be tween both polytypes dur ing the growth.
Lat tice pa ram e ters of both polytypes are a = 5.5002(4), c =
14.195(1) C, space groups: P63cm (2H1), P63 (2H2). The
pres ence of 2H2 polytype is in di cated by the oc cur rence of
10l, 01l, hhl char ac ter is tic re flec tions with l = 2n, for bid den 
in P63cm, but al lowed in P63 groups. The stron ger these re -
flec tions are, the higher amount of 2H2 the crys tal con tains.

Mixed 2H1 + 2H2 crys tals were found in the Pohled
sam ples, most of them were 2H1 dom i nant, some of them
were “al most pure” 2H1. The 2H2 dom i nant crys tals were
less fre quent. In Nižná Slaná a rare higly dis or dered 2H1

crys tal with traces of 2H2 was found.

Unk nown po ly ty pe of the sub fa mi ly D

Some 2H1 + 2H2 mixed crys tals from Pohled con tained few 
ex tra re flec tions in di cat ing a pres ence of fur ther yet un -
known polytype, prob a bly of sex tu ple pe ri od ic ity, not
iden ti cal with the MDO polytype 6R. Be cause of a scar city
of re flec tions it could not be iden ti fied. 

Che mi cal com posi ti on

Some se lected crys tals from Pohled and Nižná Slaná were
stud ied by EPMA. Re sults pro vided com po si tion within
range of the gen eral for mula. Small amounts of Cl were in -
di cated in sam ples from both lo cal i ties (0.009 to 0.06 at -
oms per for mula unit apfu). More over, Nižná Slaná
cronstedtite con tained also an ac ces sory amount of S (up to
0.11 apfu) [11, 13].

Further stu dies

In Chyòava, a cal cite-quartz veinlet with py rite and crons -
tedtite was en coun tered in a bore-hole in a depth 202 m in
1944 [9, 10]. A quite re cent study re fers the “pure” 2H1

polytype and 2H1 + 2H2 (2H1 dom i nant) mixed crys tals
[45]. One rare crys tal of the 3T polytype, and a com pli -
cated, par tially dis or dered crys tal con tain ing 1T (subfamily 
C), 3T and prob a bly 6T2 (subfamily A) polytypes were also 
found. The EPMA study re veals a cer tain amount of Mg
(0.13-0.24 apfu) in all crys tal frag ments ana lysed.   
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Fig ure 4. SEM im age of cronstedtite crys tals from Nižná Slaná,
photo M. Števko.



Sam ples from from Litošice-Sovolusky-Morašice re -
gion are now un der in ves ti ga tion. A rhodochrosite vein
with four par al lel veinlets of cronstedtite and py rite was en -
coun tered in the ex plo ra tion shaft dur ing the geo log i cal
sur vey in 1950’s. 
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