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Abstract

Litidionite, CuNaKSi.Oro, occurs with tridymite in lapil l i  strongly modil ied by fumarolic
activity in the Vesuvius crater. It is triclinic, space group Pi; the lattice parameters are: d =

9 . 8 0 ( 1 ) b = 8 . 0 1 ( l ) , c : 6 . 9 7 ( t ) A , o = l 1 4 . l 2 ( 8 ) ' , P = 9 9 . 5 2 ( 6 ) ' , r : 1 0 5 . 5 9 ( 8 ) " , 2 : 2 . l t s
crystal structure-determined by Patterson and Fourier methods, using single crystal diffrac-
tometer X-ray data, and refined to an R index of 0.032 for 1450 reflections with F" ) oFo-is
the same as for fenaksite, FeNaKSi.O,o. Tubular chains of sil ica tetrahedra, formed by the
condensation of vlasovite-type chains, are interconnected by copper and sodium atoms which
have a five-fold pyramidal coordination. Potassium atoms occur in the large cavities within
the chains.

Introduction

The name litidionite was given by E. Scacchi in
1880 (Zambonini, 1935) to very tiny blue crystals
associated with glass of the same color in lapill i found
in the Vesuvius crater. Zambonini (1935) had difficul-
ty measuring the interfacial angles of litidionite and
could only conclude it to be triclinic or monoclinic
sphenoidal. He also determined 2V, : 56o, and in-
dices ap :  1.548, 0o :  1.574. The chemical analysis
he carried out, which yielded the formula (K,
Na)rCu(SirOr)r, is very doubtful owing to the difficul-
ty in obtaining pure litidionite.

No further data or publication appeared on this
mineral other than an unindexed powder pattern
(Jceos card No. l8-713). In the text books litidionite
is considered as an inadequately characterized and
doubtful species. Accordingly we have re-examined
litidionite and determined its crystal structure.
Material used in this study was provided by Professor
Carobbi from specimens that had been previously
studied by himself and Zambonini.

Occurrence

Litidionite occurs as tiny plates in lapill i strongly
modified by the fumarolic activity subsequent to the
Vesuvius eruption of 1873. The dimension of the
lapill i range from a few millimeters up to 25-30 mm.
The nuclei of the lapill i are small fragments of rock or

I Present address: Depto. de Cristalografia y Mineralogia,
Facultad de Ciencias, Universidad de Madrid, Spain.

well-formed augite crystals ejected by the volcano.
The fumarolic action coated the nuclei with a layer of
white microcrystalline tridymite (considered as opal
by Zambonini) which is overlaid by a blue glassy
crust whose cavit ies are coated by l i t id ioni te,
tridymite, and minor wollastonite. Litidionite is the
unique copper mineral occurring in these lapill i,
although several other copper minerals (covellite,
tenorite, chlorothionite, cyanochroite, chalcocyanite,
and others) were produced by the fumarolic activity
in the Vesuvius crater.

X-Ray Crystallography

The lattice parameters of litidionite (Table l) were
measured with a Philips pw I100 computer-controlled
diffractometer. Its X-ray powder pattern, obtained
with a Philips pw 1050 diffractometer using CuKa
radiation and NaF as internal standard, is compared
in Table 2 with the data on the Jcpos card No. 18-
713. The three strong lines of the Jcpns data-d :
4 .31 ,  d :  4 .10 ,  and d  :3 .82  A-cor respond to  the
three strongest lines of tridymite (Jceos card No. l8-
I  170).

The powder pattern and the lattice parameters of
litidionite are very close to those of fenaksite,
FeNaKSirOro (Golovachev et al, l97l).

Chemical Formula

Carobbi (Zambonini ,  1935) carr ied out one
chemical analysis of litidionite and gave the tentative
formula NarKrCuSirOz. Zambonini (1935) considers
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Tls l r  l .  Uni t  Cel l  Data of  L i t id ioni te and Fenaksi te

l i t i d i o n i r e fenaks  i  te

Tlals 3.  Atomic Coordinates* and Equivalent
lsotropic Temperature Factors**

a
b
c

o
B
Y

Chemica l  fo rnu la

Space group
z
D .
n o D s .- c a 1 c .

9 . 8 0 ( 1 )  A
8 . 0 1  "
6 , 9 7  "

1 1 4 . 1 2 " ( 8 )
9 9 , s 2 "  ( 6 )

1 o s . s 9 ' ( 8 )

CuNaKSi  ,0 ,  ^
4  t u

P 1
2

z .  t )

2 . 8 5

l o . o 0  A
8 . 1 8
6 . 9 8

r L 4 . 7 "
1 0 0 . 7 "
1  0 5  . 0 "

FeNaKSi  ,  0 .  ^4  t u
P 1
2

x la

o . 4 1 2 2 ( r )
0 . 8 5 9 3 ( 1 )
o  . 1  2 2 2  ( r )
0 . 2 1 1 0 ( I )
o . 7  2 5 6  ( r )

0 .  s 6 8 2  ( 3 )
o  . 2 7  1 6  ( 3 )
o .  8535  (3 )
0 . o 3 o 2 ( 3 )
o  . 252 r  ( 3 )

0 . 7 9 4 3  ( 3 )
o . s 5 6 1 ( 3 )
o . 2 s 6 2 ( 4 )
o . 8 3 3 1 ( 3 )
o . 2 7 1 6  ( 3 )

z / c

o . 1 6 2 4  ( r )
o . 8 1 1 9 ( 2 )
o .5664 (2 )
o . 9 s 8 2 ( 2 )
o .7s57  (2 )

o .0323  (4 )
0 . 9 1 6 6 ( s )
o . o 4 5 2 ( 5 )
o . 8 5 4 9 ( 5 )
o . 2 8 0 3 ( 5 )
o . 4 r o 2 ( 4 )
o .4459 (5 )
0 . 2 1 5 s ( 5 )
0 . 6 3 2 3 ( s )
o . 8 2 8 6 ( s )

0 . 3 3 4 8 ( 2 )
o .  6633  (4  )

Atom

Cu
s i  ( 1 )
s i  ( 2 )
s i  ( 3 )
s i  ( 4 )

o ( 1 )
o ( 2 )
0 ( 3 )
o  ( 4 )
o(s  )
o ( 6 )
o ( 7 )
0 ( 8 )
0 ( 9 )
o (  r 0 )

v l b

0 . r 2 8 7 ( r )
o  . 7 1  4 2 ( 2 )
o  . 3 5 4 5  ( 2 )
o  . 2 8 7  7  ( 2 )
o  . 3825  (2 )

o .2o7  2 (4 )
0 . 1 1 6 1 ( 4 )
o . 3 3 2 0 ( 4 )
0 . 1 8 s 1 ( 4 )
o . 0 4 3 2 ( 4 )
o  . 4314  (4 )
o .2077  (4 )
o . 4 4 7  r ( 5 )
o . 2 s 3 5 ( 4 )
o . 4 o 7  2 ( 4 )

0 . o o 3 8 ( r )  0 . 2 0 3 3 ( r )
o . 4 0 9 0 ( 2 )  0 . 1 2 9 5  ( 3 )

B,, (A-)

o . 7  4
o .  6 5
o . 6 6
o , 5 9
o . 6 8
1 . 2 5
l . 0 4
L . 2 2
r . 6 4
1  . 3 4

r . 2 0
1  . 3 0
r . 7 6
1  . 3 0
1 . 6 1

l .58
7 . 5 7

The un i t  ce11 parameters  g iven by  Go lovachev e t  a l ,  d id
not correspond to the reduced cell and were tianl?orned
to  those g iven in  th is  Tab le  th rough the  fo l low ing  mt r ix
( o 1 1 / T T 0 / 1 o o ) .

the analysis as very doubtful owing to the difficulty in
separating the mineral from associated tridymite and
blue glass. In effect, if it is assumed, on th; basis of
the close resemblance of the crystallographic data,
that litidionite and fenaksite are isostructural, the

Tlslr 2. X-ray Powder Data of Litidionite

a With standard deoiations in parentheses
a* After Hamilton (1959).

formula should be CuNaKSi4Olo. A chemical for-
mula very close to this can be obtained from Carob-
bi's analysis if we assume that the material analyzed
contained about 40 percent tridymite.

The crystal structure analysis fully confirms that

Tnnlr  4.  Analysis of  the Anisotropic Thermal
Parameters in Litidionite*

r . m .  s .  U i a  U .  b  U .  c  A t o m U . a  U . b  U . c

Na

JCPDS 18 -713

d o b " .  d c a l c ,  h k l

6 , 7  5  6 . 7 6

4 . 4 8 5  4 . 4 8 3

4 . 0 4 6  4 , O 4 8

3 . 6 s 2  3 . 6 6 4
3 . 3 7 2  3 . 3 7 9
3 . 2 2 3  3 . 2 2 6
3 . 0 4 6  3 . o 4 2
1  ^ o ,  , 3 . 0 3 3

\ :  .  ozo
( 2 . e 7 1

2 . 9 7 6  < 2 . 9 7 6
lz .st t

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

1 . 9 8 0  r . 9 8 2
L 9 2 4  L . 9 2 0
r . 9 1 6  1 . 9 1 9

6 , 7 3  5 0
6 .  0 8  l 0
5 , 1 6  1 0

1 1 0

200

1 5

18
r00
7 5
10

10

1 3

4 . 3 7
4 , l o

3 . 8 2
3 . 6 6
3 . 3 6
3 . 2 2

3 . 0 4

2 . 9 5

2 . 8 2
z . o )

2 , 4 0
2 . 2 3

I  0 1

1  . 8 4
1 . 8 0

6 0  t r i d .
o u  E r l d . 0 .  1 0 3  ( 6 )

o . 1 2 9 ( 5 )
0 .  1 5 4  ( s  )

o . 0 8 2  (  7  )
0 . 1 1 2 ( 6 )
0 .  1 6 3  ( 5 )

o .  o98 (6  )
0 .  1 0 7  (  6 )
0 .  1 6 9  ( 5  )
o . 1 o 0 ( 7 )
0 . 1 3 4 ( 6 )
o .  1 9 7  ( 5 )

0 . 0 8 7  (  7 )
o . 7 2 4 ( 6 )
0 . 1 6 2 ( s )

0 . 0 8 4  (  7  )
o . 1 2 r ( 6 )
o .  r 9 9  ( s )

0 . 1 . L 2 ( 2 )
o . r 4 9 ( 2 )
o . 1 6 0 ( 2 )

0 . 1 0 9 ( 3 )
o . 1 3 5  ( 3 )
o . 1 1  2 ( 3 )

o . 0 8 4  (  1  )
0 . 0 8 9 ( 1 )
0 . 1 1 4 ( r )

o . 0 7 3  ( 3 )
0 . 0 9 1  ( 2 )
0 .  105 (  2 )

o . 0 6 7 ( 3 )
0 . o 9 0 ( 3 )
0 .  1 1 2  (  2 )

o . o 7 8 ( 3 )
0 . 0 8 6 ( 3 )
0 . 0 9 5 ( 2 )

0 .  064 (3 )
o . o 9 3 ( 3 )
o .  1  1 3  ( 2 )

o . o 9 3 ( 7 )
o . 1 o 9 ( 6 )
o . 1 6 5 ( s )

0 . 0 8 5  ( 7 )
o . 1 1 9 ( s )
o .  1 3 4  ( 5  )

0 .  ro5  (5 )
0 .  1 2 1  (  6 )
0 . 1 4 4  ( s )

0 . 0 7 9 ( 8 )
0 . 1 1 8 ( 6 )
0 . 2 0 5  ( 5 )

40
10

I00
O U

t r i d .

6 4  5 1  t 5 5
3 8  1 0 6  6 7
6 4  1 4 5  1 0 0

1 6 0  9 2  6 3
7 I  \ 2 7  2 9
8 2  1 4 3  1 0 0

8 0  6 5  1 7 8
8 5  3 1  8 8

1 6 9  6 5  9 1

r23 62 53
9 7  2 9  t 4 3

146 91 94

7 5  5 8  1 6 8
7 6  5 2  1 8

1 7 0  5 4  9 2

l o 7  8 6  1 4 1
51 56 r29

1 3 6  3 4  9 0

) t  l ) J  n t
1 0 3  8 5  2 9
1 3 8  1 1 5  7 3

9 9  1 2 3  t \ 2
4 0  7 8  1 3 8
5 2  t 4 5  5 6

1 6 3  1 4  9 6
9 7  3 0  8 8
7 5  6 5  \ 7 4

0 ( s )

0  ( 9 )

128 125 50
1 1 I  5 4  6 0
134 54 126

9 0  6 3  1 7 1
4 6  6 s  9 6

t37 38 84

I 3 3  1 1 8  4 6
6 4  9 9  4 4
5 3  1 5 1  9 I

8 1  9 5  1 4 9
1 I 3  1 0  1 1 8
1 5 5  9 8  7 7

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

r 2 4  I I l  9 4

87 164 53
44 tO6 132

1 3 3  8 9  1 1 5

9 5  1 4 7  8 7
2 7  9 6  1 2 6

1 1 7  5 a  1 4 4

5 5  7 8  1 5 5
5 2  1 8  7 2
5 7  t 6 2  7 3

2 I l
220
2 t o
tL2
1 1 1
oo2
3 1 1
2 L 2
202
r20
3 1 1
302
032
230

60

0  ( 8 )

o ( 1 0 )

30
30

80
10

1 0
l o
t0

18
3 7
1 3

7
85

10
l 0
l o

5

0 ( 2 )

r 2 2
o42
5 1 0

3 4 2

The un i t  ce l1  parameters  g iven in  Tab le  1  were  used
f o r  i n d e x i n g

r  R o o t  m e a n  s q u a r e  l h e r m a l  v i b r a t i o t r s  a l o n g  t h e  e l l i p s o i d  a x e s  ( i )  a n a
a n g l e s  ( o )  b e l w e e n  ! h e  c r y s t a l l o g r a p h i c  i x e s  a n d  c i r e  p r i n c i p a l  a x e s
( U j )  o f  t h e  v i b r a t i o n  e l l i p s o i d .
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TnsLe 5. Interatomic Distances and Principal
Bond Angles in Lit idionite*

out in the manner descr ibed by Davies and
Gatehouse (1973) to yield values of F" and oF".

The intensities of 2677 independent reflections
were measured; of these 1450 have Fo ) o Fo and were
used in subsequent calculations. Three standard
reflections, monitorized at three-hour intervals,
showed no variation in intensity greater than 5 per-

cent. No absorption nor extinction corrections were
applied.

Crystal Structure AnalYsis

The crystal structure analysis was carried out by
Patterson and Fourier methods and confirmed that
litidionite and fenaksite are isostructural. The least
squares isotropic refinement, carried out on the struc-
ture amplitudes with the program Onrls (Busing,
Martin, and Levy, 1962), reduced the conventional R
index to 0.047. Three successive least squares cycles
performed with anisotropic thermal parameters led
to an R index of 0.032 for the 1450 observed reflec-
tions. At this stage the refinement was stopped as the
shifts of the atomic parameters were less than one
tenth the standard deviations.

The final atomic parameters are given in Tables 3
and 4; bond distances and angles are listed in Table 5.
The observed and computed structure factors are
compared in Table 6.3

DescriPtion and Discussion
of the Structure

The crystal structure analysis confirmed that the
structure of litidionite is similar to that of fenaksitc
(Golovachev et al, l97l) and showed no deviation
from the adopted chemical formula CuNaKSinO''.
The basic structural feature of both minerals is a
tubular silicate radical SiEO2ot- (Figs. I and 2)' This
radical is made up by the condensation of two
vlasovite type chains (Voronkov and Pyatenko,
1962) which are formed by rings of four tetrahedra'
The tubular chains are parallel to c and are inter-
connected by Cu and Na atoms' Potassium occurs in
the large cavities existing in the pipe-like tetrahedral
chains with K-O distances ranging from 2.67 to 3.17
A (taute z).

The coordination polyhedron of copper is a fairly
regular square pyramid whose base is formed by four

oxygen atoms at distances ranging from 1.96 to 1.99
A. Rn oxygen atom 2.55 A from copper is the vertex

Di st  aoce s AEOhS Angl e s

s i ( 1 )  -  o ( 3 )
o (4 )
o ( s )
0 ( 9 )

s i ( 2 )  -  o (6 )
o (  7 )
o  ( 8 )
o (e )

Average

s i ( 3 )  -  o ( 2 )
0 ( 4 )
o  ( 8 )
o (10 )

Average

s i ( 4 )  -  o ( 1 )
o (3 )
o (6 )
o (10 )

Cu  -  0 (2 )
o ( 5 )
o ( 7 )
0 ( 1 )
o ( 1 ' )

N a  -  0 ( 7 )
o ( 2 )
0 ( 1 )
0 ( 5 )
o ( 7 ' )
0 ( 1 0 )
0 ( 9 )

K  -  0 ( 6 )
o ( 4 )
0 ( 2 )
0 ( 9 )
o ( 3 )
0 ( 5 )
0 ( 6 )
o  ( 8 )

-  s i ( 1 )  -  o (4 )
o ( 5 )
o (9 )

-  s i ( 1 )  -  o ( s )

r . 6 2 3  L
r . 623
t . 5 7 2
r  . 633

o ( 3 )

o (4 )

l 0 6 . o "
1 1 4 . 6
r 0 8  . 4
1 1 0 , 6
105 .4
I 1 1  . 3

o (9 )
o ( s ) - s i ( r ) - 0 ( 9 )r  . 6 1 3

L . 6 2 2
1 . 5 7 8
I . 6 I 8
1  . 6 3 0

0 ( 6 )  -  s i ( 2 )  -  o ( 7 )  1 1 3 . 4
0 ( 8 )  l o 5 .  o
o(9)  102.9

o ( 7 )  -  s i ( 2 )  -  o ( 8 )  1 1 4 . 5
o ( 9 )  1 1 1 . 4

o ( 8 )  -  s i ( 2 )  -  o ( 9 )  1 0 9 . 0

o ( 2 )  -  s i ( 3 )  -  o ( 4 )  1 0 7 . 1
o ( 8 )  1 1 4 , 3
o ( 1 0 )  1 1 0 . 7

o ( 4 )  -  s i ( 3 )  -  o ( 8 )  r o 9 . 2
o ( 1 o )  1 0 7  . 9

o ( 8 )  -  s i ( 3 )  -  o ( 1 0 )  1 0 7 . s

1 . 6 1 2

1  . 5 8 0
r . 6 2 6
1 . 6 1 4
r . 6 3 2

r . 6 1 3

I  . 5 8 2
L . 6 3 2
r . 6 2 7
r  . 6 3 5

1 . 6 r 9

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

2 . 3 8 6
2 . 4 0 9
2 , 5 0 5
2 , 5 5 5
2 . 5 8 r
2 . 8 5 0
2 . 9 3 2

2 . 6 6 7
2 , 7 3 4
2 . 8 2 2
2 . 8 4 4
2 . 9 7 3
3  . 0 4 9
3.069
3 . 1 6 8

t 1 2 . 8
1 t2 ,7
I 1 5  . 3
I O 3  . 2
to6 ,7
1 0 5 . 1

t37  .2
1 5 7 . 0
1 3 5  . 5
1 3 1 . 8
1 6 0 .  I
L33.2

8 5  . 8
L 7 1 . 9

9 4 . 7
92.6

t67 .3
8 7  . 2
7 5  , 8

] O 2 , 9
9 8  . 8

o (1 )  -  s i ( 4 )

o (3 )  -  s i ( 4 )

-  o ( 3 )
o (6 )
o ( r0 )

-  o (6 )
o (10 )

0 ( 6 ) - s i ( 4 ) - o ( 1 o )

s i ( 1 ) - o ( 3 ) - s i ( 4 )
s i ( 1 ) - o ( 4 ) - s i ( 3 )
s i ( r ) - o ( 9 ) - s i ( 2 )
s i ( 2 ) - 0 ( 6 ) - s i ( 4 )
s i ( 3 ) - o ( 8 ) - s i ( 2 )
s i ( 3 ) - o ( 1 0 ) - s i ( 4 )

o ( 1 ) - c u - 0 ( 2 )
o ( s )
o (7 )

o ( 2 ) - c u - 0 ( 5 )
u ( 7 )

o ( 5 ) - c u - o ( 7 )
0 ( 1 ' ) - c u - O ( 1 )

o( 2)
o (5)
o ( 7 )

* rhe est imted st i ldatd deviat ions are o.OO3 A and 0.2o

tespecxivefg fot bond di'tances and fot bond angLes,

fenaksite and litidionite are isostructural and that the
chemical formula of the latter is CuNaKSinO'0.'

X-Ray Data Collection

The intensities were collected from a crystal frag-
ment (dimensions: 0.02 X 0.06 X 0.08 mm) using the
single crystal automatic diffractometer and MoKa
radiation monochromatized by a flat graphite crystal.
A unique set of data was collected out to 20 : 60' by
the 0 - 20 scan mode with a symmetric scan range of
l" in20 from the calculated scattering angle. The scan
rate was 0.05'/sec. Processing of the data was carried

'z  P.  H.  Ribbe and T.  D.  Kurtz carr ied out  a microprobe analysis

of litidionite and found only small amounts (less than 0.5 wt per-

cent) of Ca, Ti, and Fe, besides the elements given in the formula,

3 To obtain a copy of Table 6, order Document AM-75-004 from

The Mineralogical Society of America, Business Office' 1909 K St''

N.W., Washington, D.C. 20006. Please remit in advance $l'00 for

a copy of the microfiche.
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Ftc.  I  The crystal  s t ructure of  l i t id ioni te projected along [010] .
The bonds terminated by an arrow refer  to oxygen atoms O(l )  and
O(5) occurr ing in chains which are not  shown in the f igure.

of the pyramid. The distance to the next closest ox-
ygen is 3.24 A,In fenaksite the oxygen atoms of the
base have Fe-O distances ranging from 1.98 to 2. I 6 A
while the apical oxygen is 2.37 A from Fe.

The coordination polyhedron around sodium
atoms is similar to that around copper but is more
distorted. Besides the five bonds with oxygen atoms
forming the distorted pyramid, sodium has two
longer bonds with O(9) and O(10), respectively 2.85
and 2.93 A.

Each coordination pyramid around copper is con-
nected by edge sharing to another copper pyramid
and to one sodium pyramid in such a way that pairs
of pyramids around copper alternate with pairs of
pyramids around sodium forming serrate chains
parallel to c.

The Si-O bond lengths show a well marked
difference between the distances of Si from bridging
oxygen atoms and the distances of Si from non-
bridging oxygens, as has been pointed out by
Cruickshank (1961). ln the former group the mean
Si-O distance is 1.578 A and in the latter it is 1.626 A.

The balance of electrostatic charges computed with
the method of Brown and Shannon (1973) is satisfac-
tory. The sum of the electrostatic charges reaching
each oxygen atom ranges from L84 to 2.20 v.u. It
should be noted that the non-bridging oxygen atoms
are underbonded (from 1.84 to 1.94 v.u.) while the
bridging ones are overbonded (from 2.03 to 2.20
v .u . ) .
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