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Versiliaite and apuanite, two new minerals from the Apuan Alps,Italy
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Abstract

Two new minerals, versiliaite and apuanite, were found in the Buca della Vena mlne on
the Apuan Alps (Italy). The minerals generally occur as rnassive black aggregates in veinlets
within layers of dolomite.

Versiliaite, (Fel*"rZnr*Fe]i.)(FelioSbii'uAsiia)O32S133, has space group Pbam or Pba2, a
: 8.499(2), b : 8.326(2), c: 11.935(2)4, density 5.12 g cm-3. The strongest lines in the pow-

der pattern are: 3.196(100),3.167(97),2.972(81),2.682(40), 1.946(40), 1.652(33).
Apuanite, (Fe2ojrZnorrFe?io)Ge?tzSbll*Asii")O*Srrr, has space group P4z/mbc, a :

8.367(2), c : 17.959(6)A, density 5.33 g cm-3. The strongest lines in the powder pattern are
3.168(100), 2.957(43), 2.U6(23), 2.434(17), 1.922(47), 1.647(30). The chemical, crystallo-
graphic, and structural data indicate a close relationship of the new minerals with schafarzi-
kite.

Introduction ess. Associated with the black minerals in the veinlets

within the program of a thorough reexamination is spathic barite'

of the Tuscan mineralogy, a careful study of the nu- X-ray crystallography and physical properties
merous minerals found in various mineral deposits of

the Apuan Alps was undertaken. Io ttre courJe oi tne - - 
Powder diffraction patterns of specimens from the

study two new mineral phases were found in samples black aggregates differ from each other in minor de-

from the Buca della Vena mine. 
' 

tails' with good agreement with the X-ray powder

The aim of this paper is to define the new mineral patt:r" reported for ZnSbrOo (Jcros 15-802)'

phases, which were called versiliaite arro afuanite Jl" lPfcimens 
were then examined by single-crys-

from the locality where the samples *"t" forr"i. Soti tal techniques' Rotation and Weissenberg photo-

minerals and their names wefe approu"Jlf ,ft" graphs. revealed three distinct mineral phases: the

commission on New Minerals and Minerat Na-", first' with tetragonal unit cell' a = 8'5' c = 6'0A' was

of IMA. easily identified as schafarzikite, a mineral previously

found only in the antimonian deposits of Pernek

paragenesis i:,T"l;iT,"fifJ,J]",ffH:,jf'Jt JT =",?tx
The Buca della Vena mine is a small mineral de- and the third, with tetragonal unit cell and a = 8.4, c

posit which outcrops north of Stazzema, in the upper = 18.0A, were new minerals closely related to scha-
Versiha valley, and contains iron ores (magnetite, farzikite and were named versiliaite and apuanite re-
hematite, and minor pyrite) within a microcrystalline spectively, from the locality. Whereas the three min-
mass of barite. The mineralization took place by erals most frequently appear as massive aggregates,
metasomatic process at the contact between phyllites apuanite was also found as very rare well-crystallized
and dolomites ("grezzoni" of the Tuscan meta- tabular prisms.
morphic core; Carmignani et al., 1977). Crystals of versiliaite are black, with metallic

The new minerals were generally found as massive luster, platy on (001) and with perfect (l l0) cleavage.
black aggregates in veinlets within thin layers of The density determined by the torsion balance
dolomite, which are relics of the metasomatic proc- was 5.12 g cm-'. Weissenberg and precession photo-
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graphs indicated Laue symmetry mmm. The system-
atic absences (0kl absent for /c : 2n I I and hDt ab-
sent for h:2n * l) gave Pbam and Pba2 as possible
space groups.

Crystals of apuanite are black, with metallic luster,
platy on (001) and with perfect (ll0) cleavage. The
density, determined by the torsion balance, was 5.33
g cm-'. The habit of a well-developed crystal, which
is characterized by the forms [001], {ll0}, {ttz},
and [14], is illustrated in Figure l. Weissenberg
and precession photographs indicated Laue symme-
try 4/mmm. The systematic absences (0k/ reflec-
tions absent for k : 2n I I and hhl absent for
l:2n * l) gave P4r/mbc as the only possible space
group.

The VHN microhardnesses of versiliaite and
apuanite were determined with a load of 20 g as 330
and24o480 respectively. Larger loads led to unsatis-
factory indentations with concave borders and frac-
tures. Reflectivities, obtained using SiC as standard,
are given in Table l.

Table 2 gives the X-ray powder patterns of versi-
liaite and apuanite. The powder data were obtained
by means of a PhiliFs diffractometer, scanning speed
0.5" 20 per min, Ni-filtered CuKa radiation (tr :
1.54178A). The patterns were indexed using the
single-crystal photographs as a check; as the powder
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diffraction pattern of schafarzikite has never been
published before, it is reported in Table 2 for com-
parison. Because the diffraction powder pattern re-
vealed that the specimen of schafarzikite was mixed
with versiliaite, we checked the powder data for
schafarzikite by means of a Gandolfi camera, using a
fragment which was previously tested by single-crys-
tal techniques.

The three patterns have common features, which
indicate that versiliaite and apuanite have a subcell
corresponding to the cell of schafarzikite. The new
minerals, however, can be easily differentiated from
schafarzikite not only by the shifting of some reflec-
tions but also by the presence of additional weak su-
percell reflections. The distinction between versiliaite
and apuanite can be easily made on the basis of the
splitting in the orthorhombic versiliaite of peaks
which a1s 5ingle in the tetragonal apuanite.

The unit-cell parameters, derived from the single-
crystal photographs, were refined by a least-squares
method, using the powder lines whose indices were
unambiguously determined (Table 3).

Chemical composition

Three crystal fragments, previously identifed as
schafarzikite, versiliaite, and apuanite, were analyzed
by electron microprobe. Because qualitative X-ray
fluorescence analyses excluded the presence of ele-
ments other than iron, zinc, antimony, arsenic, and
sulphur, several analyses on each specimen were
made using FerOo, ZnS, SbrSr, and AsrS, as stan-
dards. The analyses were then repeated using metal-
lic Fe, Zn, Sb, and AsrS, as standards, with very sim-
ilar results. The electron probe analyses of each
specimen were then averaged and the elemental
weight percents obtained are reported in Table 4; the
oxide contents were recalculated taking account of
the Fe3*,/Fe2* ratios indicated by the structural data
discussed in the following paragraph.
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Table l. Reflectivities of versilianite and apuanite

Fig. L Habit of a well-formed crystal of apuanite

4 7 0

w a v e  l e n g t h  ( n m )

5 4 6  5 8 9 6 5 0

V e r s i l i a i t e

A p  u a n i  t  e

1 8 . 5 - 1 9 . 4

c .  / - o . J

1 9 . 1 - 2 0 . 8

6 . 5 - 6 . 8

1 8 . 5 - 1 7 . 8

5  . 9 - 5 . 3

2 r  . 9 - L 9  . 6

7 . 3 - 5 . 9

1 8 , 3 - 1 6 . 9

6 . o - 5 . o

2 t . 6 - 1 8  . 4

7  . 8 - 5 . 6

L 7  . 7 - 1 6 . 2

5 . 2 - 4 . 4

1 9  . 6 - 1 6 . 9

6  . 4 - 4 . 8

I N  A I  T

i n  o i 1  ( C a r g i 1 l e  D / A  5 8 8 8 4 )

i n  a i  r

i n  o i l  ( C a r g i I l e  D / A  5 8 8 8 4 )
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Table 2. X-ray powder difraction data for schafarzikite, versiliaite, and apuanite

S c h a f a r z i k i t e

d  o  -  L / L
obs  ca rc  o

6 . 0 4  6 . 0 5 9  2 1

4 . 2 8  4 . 2 8 5  5 9

V e r s i l i a i t e

d d - r / r
obs  ca rc  o

5 . 9 4  5 . 9 4 1  2 5
4 . 2 4  4 . 2 4 9  1 7
4 . 1 6  4 . 1 6 4  1 2
3 . 7 8 2  3 . 7 8 5  4
3 . 7 2 9  3 . 7 3 8  4
3 . 6 0 3  3 . 5 0 8  4
J . ) O Z  J . ) O /  +

3 . 1 9 5  3 . 1 9 6  1 0 0
3 . 1 6 7  3 .  1  6 8  9 7

obs cal .c

s . 9 0  5 . 9 1 6

4 . 1 8  4 . 1 8 3

^  - ^ ^  f  3 . 1 9 2
J . / O Z  1 ^  _ . ^

\  3  -  t  4 2

3 . 6 5 8  3 . 6 5 3

3 . 1 6 8

3 . 0 5 9
,  q q 1

2 . 9 >  |

2 . 6 6 8
z .  o c b

r  R o 1

2 . 5 3 6

2 . 4 3 4

r / r  hkr

1 5  1 1 0

1 5  2 0 0

_  2 0 2
'  

2 1 0

1 2  2 1 1

A p u a n i t e

3 . 2 0 9  3 . 2 1 0  ' , l  0 0

3 . 0 3 1  3 . 0 3 0  5 5

2  - 9 3 1  2 . 9 3 7  1  0

2 . 7 0 8  2 - 7 1 0  5 0

2 . 6 4 0  2 . 6 4 3  5

2 . 4 2 2  2 - 4 2 3  9

2 . 3 3 0  2 . 3 3 1  3

2 . 1 3 8  2 . 1 4 2  3
2 . 0 2 1  2 . 0 2 0  1  3

1 . 9 6 0  1 . 9 5 9  2 9

1 . 9 1 5  1 . 9 1 6  1 2

1 . 7 4 4  1 . 7 4 4  5

1 . 7 3 1  1 . 7 3 1  4

1  . 6 6 5  1  . 6 6 4  1 1

1 . 5 3 7  1 . 5 3 6  4

1 . 5 1 6  1 . 5 1 5  3

1 . 4 1 1  1 , 4 7 0  1 6

1  . 4 2 8  1  . 4 2 8  1  5

hkr

l r 0

200

hk r

l r o
200
020
2 1 0
1 2 0
2 1 1
1 2 1
2 1 2
I  z z

2 2 0
0 0 4
3 1 0
1 3 0

2 0 4
024
2 1 4
320
1 2 4

3 3 0
4 1 2
1 4 2
420
2 4 0
z  t o

1 2 6
4 0 4
0 4 4
3 3 4
5 2 2
2 5 2
4 4 0
5 1 4
5 3 0
3 5 0
1 5 4
4 1  6
1 4 6
6 0 0

2 1 1

2 2 0

o o 2

3 1 0

1 1 2

2 0 2

2 ' 1 2

4 0 0
3 3 0

4 1 1

420

2 1 3

402

3 J Z

a z  I

4 4 0

5 3 0

5 0 0

3 0 4
5 4 1

1  0 1 )  ! 2 . 9 ' 1  4  R 1
" ' ' '  1 2 . 9 8 3
2 . 6 8 2  2 . 6 8 2  4 0
2 . 6 3 7  2 . 6 3 8  2 4

2 .  4 4 2  2 . 4 4 2  1  4

2 . 4 2 5  2 . 4 2 5  1  0

^  - ^ "  ( 2 . 3 4 3
t ' " " ' \ 2 . 3 4 2

2 . 3 3 3  2 . 3 3 2  9

3 . 1 1 3  1 0 0  2 1 3

3 . 0 6 1  3  2 0 4
2 . 9 9 3  1 5  0 0 6
2 . 9 5 8  4 3  2 2 0
2 . 6 7 1  

' , l  3  1 1 6
2 . 6 4 6  2 3  3 1  0
2 . 5 9 1  2  2 1  5
2 . 5 3 8  4  3 1 2

2 . 4 3 4  1 7  2 0 6

2 . 3 3 8  2 - 3 3 7  3  2 1 6

320
3 1  4

1 . 9 8 2  1 . 9 8 2
1 . 9 4 6  1 . 9 4 6
1  . 9 1 5  1  . 9 ' 1  5
1 . 8 9 2  1 . 8 9 2
1  . 8 7 0  1  . 8 5 9
1 - ' 7 6 2  1 . 7 6 1
1  . 7 5 7  1  . 7 5 6
1 . 7 3 1  1 . 1 3 1
1 . 7 0 7  1 . 1 0 7
1 . 6 5 2  1 . 6 5 1
1 . 5 2 1  1 . 5 2 2
1  . 5 0 1  1  . 5 0 0
1  . 4 8 7  1  . 4 8 7
1  . 4 5 5  1  . 4 5 4
1  . 4 4 9  1  . 4 4 9
1  . 4 3 6  1  . 4 3 6

.  , ^ ^  (  1 . 4 3 3
' ' * "  

1 1 . 4 3 0

,  ^ , -  f  1 . 4 1 8
'  ' " ' o  

I  1  . 4 1 6

1 0
4 0
2 9

7

'1 0
1 i

6
6

3 3
5
7
7
5

1 2
5

1 2

1 . 9 7 3  1 . 9 7 2  1 0  3 3 0

1 . 9 2 2  1 . 9 2 2  4 7  4 1 3

1  . 8 7  1  1  . 8 7 1  ' , l  0  4 2 0

1 . 7 6 2  1 . 7 6 1  1 0  2 1 9

1 . 7 1 6  1 . 7 1 4  7  4 0 5

1 . 6 4 7  1 . 6 4 7  3 0  3 3 6

1 . 5 0 5  1 . 5 0 4  1 0  5 2 3

2 , 3 2 0  2 . 3 2 0  3
2 . 2 ' 1 9  2 . 2 7 9  3

1  . 4 4 0  1  . 4 3 9  7

1  . 4 3 7  1  .  4 3 5  1 2

1  . 4 2 4  1  . 4 2 3  8

5 1 6

5 3 0

4 1 9

1 2 1 . 3 9 6  1 . 3 9 4  7  6 0 0

1.306  {1 .13 :  7

As regards the relatively low totals of the three
analyses, we can exclude, on the basis of qualitative
X-ray fluorescence analyses and the results of the
structural investigation, the presence of other ions or
water molecules. Thus we think that the low totals
may be due to the matrix effects between the speci-
mens and the standards used in the microprobe anal-
yses, effects not completely emended in the raw data
correction procedure.

Structural and crystal-chemical considerations

The crystal structure of schafarzikite was deter-
mined by Zemann (1951) and refined by Fischer and
Pertlik (1975). It is built up by chains of edge-sharing
Fe'*Ou octahedra connected with chains of corner-
sharing Sb3*O, pyramids: these last units can also be
called r/-tetrahedra, where r/ indicates that a vertex is
occupied by an electron lone pair. The crystal-chem-
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Table 3. X-ray crystallographic data of schafarzikite, versiliaite, and apuanit€ (A)
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S c h a f a r z i k i  t e
( F i s c h e r  a n d  P e r t l i k ,

S c h a f a r z i k i t e

L 9 7  5 )

V e r s i L i a i t e A p  u a n i  t e

S p a c e  g r o u p P 4 r l n b c

8 . s 9 0 ( s )

s . 9 1 3 ( 5 )

P 4  r l m b c
8 . 5 6 8 ( 4 )

5 . 9 s 7 ( l - o )

P b a m

8 . 4 9 9 ( 1 )

8 . 3 2 6 ( 1 )

1 1 . 9 3 s ( 2 )

P 4  
r / m b c

8 . 3 6 7  ( 2 )

1 7 . 9 s 9 ( 6 )

b

c

ical formula for the cell content of schafarzikite can
be expressed as Fel*Sbl* O,".

The crystal structure of versiliaite (Mellini and
Merlino, 1979) can be derived from that of schafarzi-
kite by substituting every foufth Sb'* cation in the
pyramidal chains by a Fe3* cation and introducing a
sulphide anion between pairs of Fe3* cations of dif-
ferent chains: the sulphide anions complete the tet-
rahedral coordination around the two Fe3* cations
and connect them to give rise to double-chain rib-
bons. The four negative charges introduced with the
two sulphide anions in the unit cell are balanced by
substituting four Fe'* cations to four divalent cations
in octahedral coordination, thus obtaining the ideal
formula:

ttFe]* ttFe]* tuFe]* tttSbll O' S,

Similarly the crystal structure of apuanite (Mellini
and Merlino,1979) can be derived from that of scha-
farzlkite by substituting every third Sb3* cation in the
pyramidal chains by an Fe'* cation. The connections
by means of the sulphide anions which complete the
coordination about the Fe3* cations build layers par-

allel to (ll0). The eight negative charges introduced
with four sulphide anions in the unit cell are bal-
anced by substituting eight Fe'* cations for eight
divalent cations in octahedral coordination, thus ob-
taining the ideal formula:

"tFe?* ttFeS* t"Fefl* rttSblf Oo, Sn

The structural data, which impose the presence of
four Fe'* cations for every sulphide anion, were
taken into account in recalculating the oxide contents
from the electron microprobe analyses data (columns
b in Table 4). Assuming 16,32, and 48 oxygen atoms
in the unit cells of schafarzikite, versiliaite, and
apuanite respectively, the unit-cell contents given in
columns c of Table 4 can be calculated and the fol-
lowing formulas obtained:

schafarzikite (F e! |oZn",o)(Sbli,Asil,)O,.

versiliaite (Feii'Zn'*Fe)*n')
(FeljoSb?i,uAsit)O,'S,,'

apuanite (Fd\rZll-rrFetr**)
(Fe?i,Sbii*Asi jn)Oo,S,,,,

Table 4. Electron microprobe analytical data and unit cell contents for schafarzikite (l), versiliaite (2), and apuanite (3)

E l e m e n t a l  w e i g h t  p e r c e n t

( 1 )  ( 2 )  ( 3 )

O x i d e  w e i g h t  p e r c e n t

( 1 )  ( 2 )  ( 3 )

U n i t  c e 1 1  c o n c e n t

( 1 )  ( 2 ) ( 3 )

F e

Z n

S b

1 3 . 6 7

0 . 8 9

5 0  .  t  4

7  . 3 6

1 9 . 5 3

2  . 3 8

5 0 . 2 2

3 . s 1

1 . 5 0

2 4 . 2 8

o . 5 0

4 4 . 9 6

2 . 6 4

2  . 7 0

F e O

F e ^ O ^

ZnQ

s b ^ o ^

A s ^ O ^

s

- 0 = S

7 . 0 4

2 6  . 8 8

o  . 6 2

5 3 . 8 2

3 . 4 8

2 .  t o

9 4 . 5 4

1 . 3 5

9 3 . 1 9

2 +
F e

? +
! e

2 +
Z n

s b " '
3 +

A S

1 7 . 5 8  1 1 . 7 0

-  1  L  O t

1 .  1 0  2 . 9 6

6 7  . 9 5  6 0 .  1 2

9 . 7 2  4 . 6 3

-  1 . 5 0

9 6 . 3 5  9 5 .  8 3

o . 7 5

9 5 . O 8

J . ) 4  4 . O )  4 . r )

-  5 . 3 3  L 4 . 2 7

o . 2 0  1 . o 4  0 . 3 2

6 . 7 5  t L . 7 6  1 5 . 6 4

1 . 4 2  1 .  3 4  r . 4 9

-  1 . 3 3  3 . 5 7

A s

S
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where the first parentheses in each formula enclose
the cations in octahedral coordination, and the sec-
ond parentheses enclose the cations in tetrahedral or
ry'-tetrahedral coordination. The crystal-chemical for-
mulas just given for versiliaite and apuanite corre-
spond to calculated densities of 5.20 and 5.32 g cm-'
respectively, in fair agreement with the measured
values. Both the incomplete occupancy of the sul-
phide site and the cation distribution in versiliaite
and apuanite were amply confirmed by the structural
investigation.

These considerations indicate the close relation-
ship of the two new minerals with schafarzikite.
However it should be observed that, from the chem-
ical point of view, the new minerals can be classified
as oxide-sulphide compounds, which are quite rare
in nature, and the only other mineral phases being
kermesite and sarabauite (Nakai et al.,1978\.
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