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Abstract

The crystal structure of tuscanite

[Ko *Sro o,(HrO)t  66](Car ruNao u,Fed. lo Mgo , , ) (Siu 34Ala 66)O2, (SO4)r  Bs(COsOH)o *(OnHn)o ,J

space group P2,/a,a : 24.03(2), b :  5.11(l),  c :  10.88(2) A, 13 : 106.94(9)' ,  was determined
by direct methods using dif fractometric data. Anisotropic thermal ref inement led to a f inal R
value of 0.034 (R, = 0.038). The crystal structure is characterized by the presence of double
layers of (Si,Al) tetrahedra; the double layer can be described, as in lat iumite, as made up by
five-membered r ings, nearly paral lel to (010), but whereas in lat iumite each tetrahedron in the
ring points upward, in tuscanite three tetrahedra in every r ing point upward and two
downward. These layers are connected by calcium and sulphate ions, as in lat iumite; whereas
in lat iumite successive layers are related by unit translat ion, in tuscanite they are related by a
gl ide plane. The substi tut ions of (CO3OH) and (HaOa) for SOo are proposed and discussed.

Introduction

Tuscanite was discovered by Orlandi et al. (1977)
in some ejected blocks found in a pumice deposit in
Pitigliano, Tuscany, Italy. They pointed out the close
relationships between tuscanite and latiumite, a sheet
s i l icate descr ibed by Ti l ley and Henry (1953) and
whose crystal structure was studied by Cannillo et al.
(1973).  Or landi  et  a l .  (1977) noted the s imi lar i ty  of
the X-ray powder diffraction patterns of tuscanite
and latiumite; in fact, the unit cell of tuscanite is very
similar to that of latiumite, from which it is obtain-
able by doubling the a parameter. We easily made the
hypothesis that tuscanite and latiumite differ only in
the stacking sequence, namely unit translation in la-
tiumite and glide plane in tuscanite, of the same
structural unit. To understand the precise structural
relationships between the two minerals, namely
whether the relation is polytypic or polymorphic, and
to discover possible differences, we undertook the
present structural analysis. A preliminary report on
the main features of the crystal structure of tuscanite

was presented at the 1975 meeting of Societd Italiana
di  Mineralogia e Petro logia.

Experimental

A smal l  (0.15 X 0.12 X 0.27mm) tabular  crysta l  of
tuscanite from Pitigliano was used for the X-ray
structure analys is .  Uni t -ce l l  data of  our  specimen,
determined by the Phil ips PW-l 100 single-crystal au-
tomat ic  d i f f ractometer ,  are a :  24.03(2) ,  b :  5 .1 l (1) ,
c :  10 .88 (2 )  A ,P :106 .94 (9 ) " ,  space  g roup  P2 , /a , i n
good agreement with the values found by Orlandi er
al. (1977) by least-squares fitt ing of powder data.
Intensity data were collected by the same diffrac-
tometer, using graphite-monochromatized MoKa
radiat ion ( I  :  0 .7107 A),  @ scan,  in tegrat ion width
|.2" . 3724 independent reflections were collected
from 2o to 30o r); the corresponding values of Fou.
and o(Fo6") were obtained by the procedure of Davies
and Gatehouse (1973);  no absorpt ion correct ion was
made owing to the small dimensions of the crystal (p
: 19.7 cm t); also, no extinction correction was ap-
plied.2420 reflections were classified as "observed,"

l l 1 4



MELLINI ET AL STRUCTURE OF TUSCANITE

Table l  Atomic coordinates and thermal anisotroDic Darameters of tuscanite

A t o m B e q o
P l 1

e
ts22 Rt 3 3 ( L 2

I J
Y23

T ( I )

r ( 2 )
r ( 3 )
r ( 4 )
r ( s )

1 . 0
1 . O

1 . 0
1 . 0
1 . 0

o ( 1 )  1 . 0
o ( 2 )  1 . o
0 ( 3 )  1 . 0
o ( 4 )  1 . 0
o ( s )  1 . o

0 ( 6 )  1 . 0
o ( 7 )  1 . 0
o ( 8 )  1 . 0
o ( 9 )  1 . 0
0 ( 1 0 )  1 . o
o ( 1 1 )  1 . 0

c a ( 1 )  1 . 0 1
c a ( 2 )  0 . 9 0
c a ( 3 )  o . 9 9
K  O . 5 1

s  o . 9 5
0 ( 1 2 )  1 . o
o ( 1 3 )  1 . O
0 ( 1 4 )  1 . 0
0 ( 1 5 )  1 . 0

0 . 4 3 8 6 ( 1 )
o . 4 4 2 o  ( 1 )

0 . 4 2 1 6 ( 1 )
0 . 1 6 1 9 ( 1 )

o . 0 7 s 3 ( 1 )

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

o . 4 1 9 4 ( 1 )
0 . 4 1 9 1 ( 1 )
0 . 4 1 9 7 ( 1 )

0 . 0 1 6 1 ( 1 )
o  .  4 0 2 7  ( r )

0 . 3 i 1 0 ( 1 )
o . 2 2 o o ( 1 )
0 . 1 7 0 2 ( 1 )
0 . 1 2 3 1 ( 1 )

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

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

o . 2 4 o 3 ( 2 )
o . 2 2 9 6 ( 2 )
o . 7 2 5 6 ( 2 )
o  . 2 7  2 4  ( 2 )
o  . 2 3 5 L  ( 2 )

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

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

- o . o 3 5 1 ( s )

0 . 3 8 s 3 ( s )

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

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

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

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

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

o . 1 8 8 s ( 1 )
o . r 4 7 2 ( r )
o . 4 5 6 s ( r )
o  . 2 7  L 3  ( 2 )

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

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

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

r . s 1  4 9 ( 4 )
o . 9 9  s 4  ( 4 )
1 . 0 6  6 3 ( / , )
o . 9 7  4 0 ( 4 )
1 . s 5  1 3 9 ( 6 )
o . 9 0  4 8 ( 4 )

0 . 8 8  4 1 ( 1 )
1 . 0 4  4 6 ( r )
0 . 6 9  3 s ( 1 )
2 . 5 1 -  1 4 6 ( 4 )

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

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

7 5 o ( 7 8 )
2 0 6 0 ( r 0 0 )

6 s o  ( 8 o )
9 s 0 ( 8 0 )
8 6 2 ( 8 s )

2 r 8 0 ( 1 O 5 )
8 3 s  ( 8 4 )
9 9 s ( 8 s )

r o o o ( 8 4 )
8 0 1 ( 8 8 )
8 7 o ( 8 3 )

8 7 9 ( 2 3 )
1 1 1 3 ( 2 7 )

6 5 7  ( 2 2 )
2 0 5 0  ( 7  2 )

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

9 3 0 ( 8 7 )
r 1 1 o ( 9 s )

1 7 2 ( 6 )  - 5  ( s )
e 6 ( 6 )  8 ( 6 )
e 6 ( 6 )  1 ( s )

1 0 6  ( 6 )  L 7  ( 6 )
1 0 2  ( 6 )  - 7  ( 6 )

1 5 0 ( 2 o )  1 1 ( 1 s )
2 9 o  ( L 9 )  - 2  ( 2 o )
r 8 o ( 2 o )  - 1 5 ( 1 s )

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

2 s 5  ( 2 o )  3 6  ( 2 o )
2 4 8 ( 2 o )  - 2 ( 1 s )

2 3 2  ( 1 - 9 )  9 7  ( L 6 )
2 3 4 ( 2 o )  - 7 ( 1 s )

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

2 0 9 ( L 0 )  1 o ( 4 )
2 3 s ( 1 1 )  - 1 8 ( s )

1 4 e ( s )  2 e ( 4 )
s 7 7  ( r 7 )  - 2 4 ( L 5 )

L 6 7 ( 6 )  - 8 ( s )

3 8 6 ( 2 3 )  - 5 3 ( 1 8 )

3 8 7 ( 2 3 )  - 8 7 ( 1 9 )

4 o o ( 2 s )  - 4 3 ( t 7 )

2 9 2 ( 2 4 )  3 3  (  1 8 )

2 4 ( 2 )  - 1 8 ( 1 2 )

2 2 ( 2 )  1 8 ( 1 3 )
2 2  ( 2 )  3  ( L 2 )
2 2 < 2 )  r E  ( 1 2 )
2 0  ( 2 )  - 2 2  ( r 3 )

1 8 ( 7 )  - 7 1 ( 3 0 )

4 4 ( 7 )  - 4 7  ( 4 2 )
6 4 ( 8 )  - r r e ( 3 2 )

3 2 ( 7 )  3 7 ( 3 3 )
5 e ( 7 )  2 8 ( 3 s )

1 1 ( 7 )  8 7 ( 4 5 )
s 2  ( 8 )  - 1 1 s  ( 3 3 )
6 7 ( 7 )  8 8 ( 3 4 )
2 5 ( 7 )  - 3 2 ( 3 3 )

6 0 ( 9 )  7 e ( 3 s )
2  ( 7  )  4 6  ( 3 2 )

3 4  < 2 )  2 9  ( r o )
3 9 ( 2 )  7 o ( r 2 )
2 2 ( 2 )  - 3 4 ( 1 o )

1 1 6 ( 7 )  - 1 1 ( 3 )

2 5 ( 2 )  - 6 4 ( 1 1 )

3 0 ( 8 )  r 9 9 ( 4 2 )
8 9 ( 9 )  - 3 1 3 ( 4 2 )

8 2 ( 9 )  - 1 4 2 ( 3 8 )

3 8 ( e )  s 7 ( 3 8 )

T h e v a l u e s  o f  x r  ! t  z  a r e  g i v e n  i n  f r a c t i o n a l

o f  t h e  f o r n :  e * p  - { t r 2 B , ,  *  u 2  F z z  *  , ' F ,

i n  n e z e n t h a c a <

c o o r d i n a t e s ,  t h e  a n i s o E r o p i c  t h e r m a l  P a r a n e t e r s  ( x 1 0 - )

+  2 h k P I z  +  2 h : r p r . ,  +  2 k I F r l .  E s t i n a t e d  s t a n d a r d  d e v i a t i o n s

having observed intensity greater than three times the
corresponding standard deviations.

Structure determination

The structure was solved by application of direct
methods, using the MULTAN program (Main et'al.
l97l ). The E-map showed distinct peaks for the four
heavy cat ions,  Ca( 1) ,  Ca(2) ,  Ca(3) ,  K,  the f ive (Si ,Al )
tetrahedral cations, and the sulphur atom present in
the asymmetric unit. Successive Fourier synthesis lo-
cated all the oxygen atoms, either l inked to (Si,Al)
atoms or belonging to the sulphate group. Three
cycles of full matrix least squares, with isotropic ther-
mal  parameters,  lowered R :  > l lF ' . l  -  

|  F" l l /> lF l  to
the value 0.05; the reflections were weighted accord-
ing to the reciprocal of the variance, estimated from
counting statistics. Further refinement, based on an-
isotropic thermal parameters, reduced R to the value
0.035 and R,  :  ) (wl l .F ' l  -  lF l l ' />wlFol ' ) ' / ' to  the
value 0.038.

All the scattering factors used in the structure-
factor calculations were taken from Hanson et al.

(1964), with no contribution for anomalous scatter-
ing.  F inal  atomic parameters are g iven in Table L
Bond distances and angles are given in Tables 2 and
3. Observed and calculated structure factors are on
deposi t . '

Description and discussion of the crystal structure

As tuscanite is closely related to latiumite, we shall
follow, as far as possible, in the description of its
crystal structure, the corresponding paragraph in the
paper by Cannil lo et al. (1973). As can be seen from
Figure l, which shows a projection of the crystal
structure of tuscanite in the [010] direction, the most
characteristic feature of the mineral is the presence of
corrugated double layers of (Si,Al) tetrahe dra,
bonded to each other by a layer made up by calcium
cat ions and sulphate groups.

As in latiumite, the single layer, shown in Figure 2,

t  To obtain a copy of the structure factors, order document Am-
77-055 from the Business off ice, 1909 K Street, N W., Washington,
D.C. 20006. Please remit $ t .00 in advance for the microf iche.
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r ( 1 ) - o ( 1 ) v i
- 0 ( 2 ) v i i
- o ( 3 ) i i
- o ( 4 )

ne  an

1 ( 2 ) - o ( 4 )
- o ( 5 ) i i
- o ( 5 ) v i i
- 0 ( 7 )

m e a n

r ( 3 ) - o ( s )
- o ( 6 ) i i i
- 0 ( 7 )
- o ( 8 )

m e  a n

T ( 4 ) - 0 ( 8 ) v
- 0 ( 9 )

- o ( 1 o )
- 0 ( 1 1 )

m e  a n

r ( s ) - o ( 1 ) i i
- o  ( 2 )
- 0 ( 3 ) v i
- o ( 1 1 )

E e  a n

s - 0 ( 1 2 )
- o ( 1 3 )
- 0 ( 1 4 )
- o ( 1 s )

m e  a n

r . 6 3 7  ( 2 )
r . 5 9 0 ( 2 )
1 . 6 2 6 ( 3 )
r  . 6 2 6  ( 2 )
t . 6 2 0

r . 7  5 t  ( 2 )
1 . 7 s 9 ( 3 )
1 . 7 1 8 ( 3 )
r . 7 7 o ( 2 )
1 . 7 4 9

1 . 6 4 3 ( 3 )
1 . 6 0 4 ( 3 )
1 . 6 4 6 ( 3 )
L  .  6 5 3  ( 2 )
1 . 6 3 5

r . 6 6 6  ( 2 )
1 . 6 0 9 ( 3 )
1 . s 8 5 ( 3 )
1 . 6 3 1 ( 2 )
1 , 5 2 3

7 . 7  6 7  ( 3 )
1 , 7 o 8 ( 2 )
r . 7 7 3 ( 2 )
r . 7 4 3 ( 2 )
1 . 7 4 8

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

c a ( 1 ) - o ( r )
- o ( e )
- o ( r o ) i
- o ( 1 1 )
- o ( 1 2 ) i
- 0 ( 1 3 ) i v
- o ( 1 4 )
- o ( 1 s ) i

m e  a n

c a ( 2 ) - o ( 3 )
- 0 ( 4 )
- o ( s )
- o ( 1 2 ) i v
- o ( r 3 ) i
- 0  ( 1 4 )
- o ( 1 s ) i

m e a n

c a ( 3 ) - 0 ( 7 )
- o ( 8 ) i i
- 0 ( 9 )
- o ( 9 ) v
- o ( 1 0 ) i i i
- o ( r 4 )
_ o ( r 5 )

m e  a n

K - 0 ( r )
- o  ( 2 )  i
- o ( 2 )
- o ( 3 ) v i i i
- 0 ( 4 ) v i i i
- o ( 5 ) v i i i
- o ( 6 ) i
- o ( 6 )
- o ( 7 ) i i i
- O ( 8 ) v
- 0 ( 1 0 ) i
- 0 ( 1 1 )

m e  a n

2 . 5 1 9 ( 2 )
2 . 5 6 9  < 3 )
2  . 3 3 2  < 3 )
2 . 4 4 5  ( 2 )
2  .  6 0 9  ( 3 )
2  . 6 6 8  ( 3 )
2 . s 4 4 < 3 )
2  . 6 3 3  ( 3 )
2 , 5 4 0

2  . 3 8 6  ( 2 )
2  .  4 3 0  ( 2 )
2 . 4 7 7 ( 3 )
2 . s 2 0 ( 3 )
2 . s 7 3 ( 3 )
2  .  3 e 7  ( 3 )
2 . 6 1 8 ( 3 )
2 , 4 4 6

2 . 5 3 4  ( 2 )
2 . 4 8 s ( 3 )
2  ,  2 9 O  ( 2 )
2 . 4 3 6  ( 2 )
2 . 3 0 5  ( 3 )
2  , 9  4 4  ( 3 )
2  . 5 L 6  ( 3 )
2  , 5 0 1

3 . 2 7 1 ( 3 )
3 . 0 s 7 ( 4 )
3 . 1 8 2 ( 3 )
3 . 2 7 7  ( 3 )

3 . 4 1 4 ( 3 )
3  . 2 5 9  ( 3 )
3 . o 9 4  ( 4 )

3 . 1 2 s ( 4 )
3  . 2 4 3  ( 3 )
3 . 2 6 o ( 3 )
3 , 2 7 4 < 4 )
2  . 9 6 9  ( 3 )
3  , 2 0 2

Table 2.  Interatomic distances of  tuscani te (A) On the basis of the bond distances (Table 2), an
ordered distribution of tetrahedral cations in the
layer can be inferred, with sil icon predominantly lo-
cated in f(l), 7"(3), and T(4) sites and aluminum in
T(2) and T(5).

Three independent cations, Ca(1), Ca(2), and
Ca(3), occur between the tetrahedral layers. In both
minerals, whereas Ca(3) connects directly two alu-
minosil icate layers, Ca(l) and Ca(2) connect them
indirectly with sulphate groups as bridges between
Ca(1) and Ca(2). Atomic scattering factors for cal-
cium were used during the least-squares refinement
for the three cationic sites, although the chemical
data, given in Table 4, suggested a substitution of
sodium, and minor  i ron and magnesium, for  ca lc ium.
The multipliers of the Ca atoms were allowed to vary,
and their f inal values as well as the thermal parame-
ters obtained (Table I ) indicate that sodium atoms
concentrate in the Ca(2) site.

A feature that distinguishes tuscanite from latium-
ite is the more open coordination around the potas-
sium cation; in both minerals it is located in the
cavity between two succeeding five-membered rings,
but whereas in latiumite it is ten-coordinated with
bond d is tances ranging f rom 2.91 to 3.24 A and an
average K-O dis tance of  3.12 A,  in  tuscani te i t  is
eleven (or twelve) coordinated, with bond distances
r inging f rom 2.969 lo 3.2 '77 A (or  3.414 A) and an
average K-O dis tance of  3.183 A (or  3.202 A).  The
multiplier of potassium atom, as given by the least-
squares ref inement ,  is  0.51.  The chemical  data in-
dicated 0.44 potassium atoms in this site. The low
occupancy of potassium atoms, together with high
water content of tuscanite and the suitable dimen-
sions of the site. indicates that water molecules can
substitute for potassium cations in the cavity between
five-membered rings.

The mean S-O bond length in the SO? tetrahe-
dron (L480 A) matches that  found in la t iumi te ( I .47
A) and is in perfect agreement with the value given by
Shannon and Prewitt (1969) as sum of the effective
ionic radii of IVS6+ (sulphur cation in tetrahedral
coordination) and tItoz- (oxygen anion with coordi-
nation number three). The multipliers of all the
atoms in the sulphate group were refined, but
whereas the multipliers of the oxygen atoms indicated
full occupancy, that of the sulphur atom was 0.95. It
should be observed (Table 2) that the thermal para-
meter for the sulphur atom (B eg. = 0.65 A'9) is higher
than those corresponding to aluminum and sil icon in
more open tetrahedral sites; thus a lower occupancy
factor should be obtained by adjusting the thermal

I n  T a b I e s  2  a n d  3  t h e  a t o n s  o f  t h e  d i f f e r e n t  a s y n n e t r i c
u n i t 6  a r e  r e l a t e d  t o  c h e  s y m m e t r y  e q u l v a l e n t  a t o m s  o f
t h e  f u n d a m e n t a l  u n i t  a 6  f o l l o w s :

I
i i
1 1 4
1 V

v l

v  1 1 1
1 X

a l o m  a t x  I + y  z
x  I - y  z
I / 2 - x  L / 2 + y  L - z
I / 2 - x  1 / 2 + y  - z
l l 2 - x  - l / 2 + y  l - z
L / 2 - x  - L / 2 + y  - z
l l 2 + x  L l z - y  z
- l / 2 + x  3 1 2 - y  z
- l / 2 + x  L / 2 - y  z

is formed by six-and eight-membered rings of tetra-
hedra. Whereas in latiumite the two sheets which
build up the double layer are related each other by
the screw rotations, in tuscanite they are related by
inversion centers. The double layer, which in latium-
ite is repeated by the [00] translation, is repeated by
the glide plane a in tuscanite.

The double layer can be described, as in latiumite,
as made up by five-membered rings, nearly parallel to
(010), but while in latiumite each tetrahedron in the
ring points upward, in tuscanite (Fig. l) three tetra-
hedra in every ring point upward and two downward.
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Table 3. Tetrahedral bond ansles of tuscanite

o ( 1 ) v i  - r ( 1 ) - 0 ( 2 ) v i i
0 ( 1 ) v i  - r ( 1 ) - 0 ( 3 ) i i
0 ( 1 ) v i  - r ( 1 ) - o ( 4 )

o ( 2 ) v i i - r ( 1 ) - 0 ( 3 ) i i
o ( 2 ) v i i - r ( 1 ) - o ( 4 )
o ( 3 ) i i  - r ( 1 ) - o ( 4 )

o ( s )  - r ( 3 ) - 0 ( 7 )
o ( s )  - r ( 3 ) - o ( 8 )
o ( 5 )  - r ( 3 ) - o ( 6 ) i i i
o ( 7 )  - r ( 3 ) - o ( 8 )

o ( 7 )  - r ( 3 ) - o ( 5 ) i i i
o ( 8 )  - r ( 3 ) - o ( 6 ) i i i

o ( 1 ) i i  - r ( s ) - o ( 2 )

0 ( 1 ) i i  - r ( 5 ) - 0 ( 3 ) v i
o ( 1 ) i i  - r ( s ) - o ( 1 1 )
o ( 2 )  - r ( 5 ) - 0 ( 3 ) v i
o ( 2 )  - r ( s ) - o ( 1 r )
o ( 3 ) v i  - r ( s ) - 0 ( 1 1 )

o ( 1 2 ) - s - o ( 1 4 )
o ( r 2 ) - s - 0 ( 1 5 )
o ( 1 2 ) - s - o ( 1 3 )
o ( 1 4 ) - s - o ( 1 s )
o ( 1 4 ) - s - 0 ( 1 3 )
0 ( 1 s ) - s - o ( 1 3 ) ,

1 1 1 . 4 ( 1 )
1 0 9  .  6  (  1 )
1 0 6 . 3 ( 1 )
1 1 0 .  6  (  1 )
1 0 9 . 9 ( 1 )
1 0 8 . 9 ( 1 )

1 0 9 . 1 ( 1 )
l o s . 1 ( 1 )
r r 1 . 8 ( 1 )
1 0 8 . 2 ( 1 )
r r 2  . 2  ( L )
1 1 0 . 2 ( 1 )

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

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

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

1 1 o . 0 ( 1 )
1 o 8 .  3  (  1 )
1 0 2 . 7 ( 1 )
r r 2 . 2 ( r )
1 1 7 . 1 ( 1 )

1 0 s . 9 ( 1 )

1 2 3 . 8 ( 1 )
1 6 2  .  o  ( 2 )

L 2 1  . 4  ( z )

L 2 7  . 6  ( 2 )

7 2 s  , 5  ( 2 )
1 s 8 . 7 ( 2 )
r 2 2  .  |  ( 2 )
1 3 6 . 9 ( 2 )
1 3 2  .  4  ( 2 )

0 ( 4 )  - r ( 2 ) - o ( s ) i i
o ( 4 )  - r ( 2 ) - o ( 7 )
o ( 4 )  - r ( 2 ) - 0 ( g ) v i i
o ( s ) i i - r ( 2 ) - o ( 7 )
o ( s ) i i - r ( 2 ) - 0 ( 6 ) v i i
o ( 7 )  - r ( 2 ) - 0 ( 6 ) v i i

o ( 8 ) v  - r ( 4 ) - o ( r o )
o ( 8 ) v  - r ( 4 ) - 0 ( 1 1 )
o ( 8 ) v  - r ( 4 ) - 0 ( e )
o ( 1 0 )  - r ( 4 ) - o ( 1 1 )
0 ( 1 0 )  - r ( 4 ) - 0 ( 9 )
o ( 1 1 )  - r ( 4 ) - o ( 9 )

r ( 1 ) i v - 0 ( 1 ) - r ( 5 ) i
r  (  1 )  i  x - 0  (  2  )  - r  (  5  )
r ( 1 ) i  - o ( 3 ) - r ( s ) i v
r ( 1 )  - 0 ( 4 ) - r ( 2 )
r ( 2 ) i  - o ( 5 ) - r ( 3 )
r ( 2 ) i x - 0 ( 6 ) - r ( 3 ) v
r ( 2 )  - o ( 7 ) - r ( 3 )
r ( 3 )  - o ( 8 ) - r ( 4 ) i i i
r ( 4 )  - 0 ( 1 1 ) - r ( 5 )

factor of sulphur to a more realistic lower value, say
0.40 A'z. Table 4 indicates an occupancy of nearly 0.7
for the sulphate group, together with an occupancy of
nearly 0.3 for the carbonate group; Table 4 indicates
also the presence of a substantial quantity of hy-
droxyl anions in the structure. To reconcile all these
chemical data with the result of the structure analysis

a subst i tu t ion of  su lphate anions by (COTOH) groups
may be suggested. In this substitution a planar car-
bonate group takes its place near the position corre-
sponding to a face of the tetrahedral sulphate group,
whereas a hydroxyl anion, or a water molecule in
some cases, locates itself near the position corre-
sponding to the fourth vertex of the sulphate anion,

Fig.  l .  Crystal  s t ructure of  tuscani te,  as seen along (010) Arrows indicate that  the bond is associated wi th atoms t ranslated one uni l
above,  dashed l ines wi th atoms t ranslated one uni t  below.
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Fig 2.  (Si ,Al)  s ingle layer of  tuscani te,  as seen along (100).

and in th is  manner each of  the calc ium polyhedra
mainta ins i ts  complete.coordinat ion.  A subst i tu t ion
of  th is  k ind was int roduced by Borneman-Star inkevic
and Belov (1953),  who suggested that  when a p lanar

Table 4.  Chemical  composi t ion of  tuscani te ( f rom Orlandi  er  a/  ,
t977 )

A t o n s  p e r
u n l t  c e l I

carbonate ion substitutes for a tetrahedral phosphate
ion in carbonate apatites, the vacant site is occupied
by a fluorine ion. A minor substitution of HoO, for
SO. is also possible: this is a well-known kind of sub-
stitution in sil icates and phosphates. The absence of
any relevant peak in the final difference Fourier syn-
thesis indicates that the carbonate group substitutes
with equal probabil ity on each face of the sulphate
tetrahedron. Thus the crystal structure analysis sup-
ports the crystal chemical formula proposed for tus-
canite by Orlandi et al. (1977):

IKo.rSro 01(HrO)r. 's](Cau ruNao u'Fe3Io Mgo ' ')

(s i6 34A13.66)orr [ (Son) '  3r(cosoH)o uu(onHr)0, , ]

The balance of electrostatic valence, computed using
the method of  Donnay and Al lmann (1970),  is  re-
ported in Table 5. As can be seen, the balance is fairly
satisfactory, with deviations smaller than l0 percent

from the theoretical values. The balance was calcu-
lated assuming for the potassium site an occupancy
of 0.5 and for Ca(2) site an occupancy 2/3 Ca + l/3
Na .

s 1 0 2

A 1 ^ 0 ^

F " 2 0 3

F e O

M g o

MrtO

C a O

S r 0

N a 2 0

K 2 o

azo
s 0 ^
c o 2
c 1

3 4  . 6 4

1 6 . 9 5

o . 7 6

0 , 4 0

2 6 . 7  6

0 . 3 8

3 . 7 9

z . o L

1 0 , 0 4

2  . 2 0

0 . 0 2

1 2 . 6 8

7  , 3 2

0  . 2 0

o . 2 2

1 0 . 5 0

0 . 0 8

\  . 0 2

3 . 2 0

2 . 7 6

1 . 1 0
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Table 5 Estimated bond valences (V.U )

l l 1 9

r ( 1 )  r ( 2 )  r ( 3 ) r ( 4 ) r ( s )  c a ( t )  c a ( 2 )  c a ( 3 ) t c

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

o . 7 2 2  0 . 2 5 7
0 . 8 1 1
0 . 7 1 3  0 . 2 7 4

o . 2 5 7
o  . 2 4 7

0 . 0 2 5

0 . 0 7 2 + 0 . 0 4 0
o . 0 2 4
0 . 0 0 1
o , 0 2 7

0 . 0 6 1 + 0 . o 5 2
o . 2 7  3  0 . 0 3 0
o  . 2 9 2  0 . o 2 7

0 . 3 8 4 + 0 , 3 1 2
o , 3 7 6  0 . 0 2 5

0 . 7 9 8  1 . 0 6 9
o . 7 2 0  0 . 9 8 1

o . 9 6 7  0 . 9 1 5
t . 0 2 8
1 . 0 7 8

o . 9 8 7

1  Q 7 1

r . 9 8 4
1 . 9 9 9
r . 9 9 4
1 . 9 9 1

1 .  9 8 0
2 . O O 4
2 . 2 0 0
r  0 4 "

1 . 8 1 8

o . 2 4 0
0 . 3 3 9

o ( 6 )
o ( 7 )
o ( 8 )
0 ( e )
o ( 1 o )

o ( 1 1 )
o ( 1 2 )
o ( 1 3 )
o ( 1 4 )
o  (  1 s  )

0 . 9 8 4  0 . 7 5 7  0 . 2 8 6
o  . 2 2 6
o . 2 0 5
o . 2 4 9
o  . 2 I 7

o  . 2 2 7
o  . 2 0 9
o . 2 7 0  0 . 1 1 7
0 , 1 9 5  0 . 2 8 0

0 . 1 1 1  2 . 1 3 9
1 . s 3 3  1 . 9 8 5
r . 5 4 4  r . 9 5 8
r . 4 7 9  2 . r t 4
r . 4 4 6  2 .  r 3 8

X c , ,  =  s u m  o f  b o n d  v a l e n c e s  r e a c h i n g  t h e  a n i o n s ( v .  u .  )

Polymorphic relations between tuscanite and latiumite

As previously noted, the crystal structure of tusca-
nite, and that of latiumite, can be conveniently de-
scr ibed as made up by double layers of  s i l icon and

aluminum tet rahedra and layers of  ca lc ium cat ions
and sulphate groups. However, to emphasize their
polymorphic relations, the structures of these miner-
als can be formally described as built up by a differ-
ent kind of structural units, made up by a sheet of

Fig 3 Crystal  s t ructures of  tuscani te and lat iumite,  as seen along (010).
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calcium cations and sulphate-carbonate anions sand-
wiched between two tetrahedral single sheets such as
those represented in Figure 2.

Whereas in latiumite successive three-sheet struc-
tural layers are related by [00] translation, in tusca-
nite they are related by inversion center (Fig. 3). Thus
if we call D a three-sheet structural unit and I its
enantiomorphous counterpart, the crystal structures
of latiumite and tuscanite can be schematically de-
s c r i b e d  a s  D D D . . . .  a n d  D L D L . . . .  s e q u e n c e s  r e -
spectively. This indicates clearly that the two miner-
als cannot be considered as polytypic. In fact,
according to the general usage, only such polymorphs
can be regarded as polytypes which while differing in
the relative positions of distant parts do not differ as
regards relative positions of nearest neighbors. In
these minerals the pairs of tetrahedra which assure
the connection between adjacent layers are in eclipsed
conformation in latiumite and in staggered con-
formation in tuscanite.
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