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THE CRYSTAL STRUCTURE OF PERRIERITE

Gr,auco Gottenut, I st'ituto d,i M iner alo gia dell' LI niver sitd'

di Pisa, Italy

Assrnecr

The crystai structure of perrierite (space group C2/m) has been determined by *-rays'

The following chemical formula has been attributed to the mineral:

(Ce, La, Y, Th, Ca, Na)a(Fe2+, Ca)(Ti, Fe3+, Fe'?+, Mg):Ti:lOnl (Si, Al)tO?],

The unit cell contains two formula units.

Perrierite is a sorosilicate, with a high number of o-atoms not bonded to silicon In its

structure there are two types of Ti-o octahedral chains along the b-axis; the chains are

connected in orcler to give a sheet parallel to (001). Each ce atom is surrounded by 10

oxygens; each Fe2+ by 6 oxygens Interatomic clistances are of the expected magnitude'

INrnorucrroN

Perrierite, a titanosil icate of rare earth and iron, was found as a new

mineral in the shore sands at Nettuno, Roma, Italy, by Bonatti and

Gottardi (1950), who gave the morphological crystallography and a

chemical analysis. Later the same authors (195a) published the r-tay

crystallography of the mineral and a new chemical analysis made on a

purer sample, and pointed out that perrierite was a mineral distinct from

chevkinite; the crystallographic simiiarity of the two minerals and epi-

dote was il lustrated. The relation between perrierite, chevkinite, and

epidote was fully described on the basis of new data on chevkinite

[Jaffe, Evans and Chapman (1956)] by Bonatti (1959)' The chemical

formulas of both chevkinite and perrierite were not knolvn unti l now: a

solution of the problem is offered by the knowledge of the structure and

is presented in this paper.

X-Rev CnvsrelrocRAPHY

The unit cell of perrierite, as determined by Bonatti and Gottardi

(1954), has the following dimensions:

a : 13.59 hX : t3.61 A
b : 5.61 kX : 5.62 f\
c : 7l.6lkX : 11.63 A
p : rr3"28',
Space grottp C/2m
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The o axis of the unit cell corresponds to the c axis of the morphological
interpretation. Such a change is advisable to obtain the conventional
orientation of the centered monoclinic cell l moreover the original
morphological interpretation emphasizes the similarit ies with epidote.

As to the number of atoms per unit cell, this is uncertain, but it is
very probable that there are eight Ce atoms (more exactly rare earth-
atoms).

For purposes of structure determination, Buerger precession photo-
graphs around [010] were taken with zr-fiItered Mo-radiation as follows:
two equators, one with a precession angle pr:25o (exposure 18 hours),
the other  wi th p:3go (exposure 50 hours) ; f i rs t  layer  wi th p:39.  12g
hours), second layer with p:20" (20 hours). Intensities were measured
by direct photometry of the negatives, since the Kodak Crystalex fi lms
used have a l inear increase of density with the intensity of incident beam.
Long exposures were needed in view of the small crystal size (about
100p in length,40p in diameter). No absorption correction was applied.
rntensities were put into an absolute scale oniy after having solved the
structure; at the same time a temperature factor was calculated by com-
parison of F, and F", and a value B:0. 65 A, *as adoptcd.

Irrom thesc fi lms the following constants were calculatcd:

o:  , r .U,  + 0.02 A
c : 17.67 + 0.01 A
0 : 113'30'

Space group C 2/m was lound to be correct.

DnrBnurxerroN oF trrB Stnucrunn

In solving the structure of perrierite the following facts have been kept
in mind:

(1) Perrierite, like epidote, has a very short pcriod along [010], b:562 A, a length
r,vhich corresponds to twice the diameter oI an oxygen anion: as in the space group
C 2/m there are mirror planes normal to [010] at distance bf2, oxygen anions can
only have four values of the y-coordinate:0, 1, i, i. This limitation is practically
valid for the other ions also.

(2) rn view of the morphological similarities of perrierite and epidote, it is very prob-
able that the chains of A1-O octahedra stretched along the b axis [found by Ito
(1950) in the structure of epidotel are to be found also in the structure of perrierite
as Ti-O chains.

(3) rn the unit cell of perrierite there are eight ce atoms, which are much heavier than
the other atoms: this fact presents both advantages and disadvantages. The ad-
vantages are to be found in the interpretation of the Patterson synthesis (since
the Ce-influenced maxima must be very easy to find) and in giving the signs to the
F values. 'rhe 

disadvantages are present when interpreting Fourier syntheses, since
the Ce maxima must be much stronger than the others, and especially much
stronger in comparison with O maxima, whose localization may be very difficult.
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On the basis of these facts, one can readily deduce the features of the

(010) Patterson projection of perrierite. First, given a crystal belonging

to space group C 2f m, its (010) projection has translations af 2, c, and a"

symmetry corresponding to plane group p2. In a (010) Fourier projec-

tion of perrierite one must see only lour Ce maxima, and of these four

maxima only two are independent. Let Fr and Ii2 represent the two in-

dependent Fourier maxima, and Fy and F:, those dependent upon the

first two. Then in the Patterson projection one must f ind the following

maxlma:

Pu, joining the Fourier maxima FrFr,

P22, joining the Fourier maxima FzFy

P12*1,2, joining the Fourier maxima FrFz and FL'F:'

Prz,+r,z joining the Fourier maxima FrFz' and FyFz

The re fo re  i n  t he  Pa t t e r son  p ro j e t ' t i on  t he  Ce  a l oms  p roducc  f ou r  i n -

dependent peaks,  two of  which are twice as intense as the other two.

Let us suppose, in order to simplify matters, that a Patterson peak were

to have a value equal to the Z-number product of the interacting atoms;

then a peak Ce-Ce is as great asZ""z:3364' In our Patterson projection

one must find two independent maxima equal to 3364 and two equal to

6728 .
As stated above, we have considered as probable the presence of Ti-O

octahedra in chains running from the origin of the unit ceil along the 6-

axis. Then in the (010) Fourier projection we have two superimposed
Ti atoms at the origin. In the Patterson projection Ti-Ce maxima are

not negligible in comparison with Ce-Ce maxima, although the atomic

number of  t i tan ium is  only  22:  aTi -Ce peak is  equal  to  7ni 'Zc. :1276,

but this value must be doubled for the superimposition of two Ti atoms

in the projection and redoubled for the titanium being at the origin.

Thus in Patterson projection a Ti-Ce peak may be as great as 5104. Let

us observe that, since Ti atoms are piaced at the origin, the Patterson

Ti-Ce peaks are coincident with the Fourier Ce peaks.
Summarizing, if the hypotheses are correct, one must f ind in the

Patterson (010) projection of perrierite: two independent peaks whose

height is proportional to 6728, two independent peaks whose height is

proportional to 5104, two independent peaks whose height is proportional

to 3364. In this sense one must say"proportional to" rather than "equal

to," because in calculating the synthesis only relative lFl2 values were

used.
The calculated Patterson synthesis is seen in Fig. 1. The projection is

consistent with the predicted results. Since the positions of the Ce and

Ti atoms in the Fourier projection are known, one has a sure method for
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Frc. 1 Patterson (010) projection of Frc. 2. Fourier (010) projection of

perrierite. Contours at arbitrary inter- perrierite. Ileavy contours at 20 e. A-z in-
vars' 
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giving the signs to the F values. On this basis four Fourier syntheses
were successively calculated, introducing more and more structure
factors, as the positions of the different atoms were found. Af ter the fourth
synthesis, the positions of the O atoms not superimposed in projection
(OoOzOs) were not yet certain, since their maxima in the projection were
no greater than many parasite maxima. It is necessary to point out that
unti l the fourth synthesis, only F values with sin0(0,422 were used,
these being the only ones present in the (010) equator photograph with
the precession angle p.:25". After the fourth synthesis, an equator photo-
graph was taken with a greater precession angle (p:30'). This intro-
duced about forty new structure factors with 0,422(sind(0,500. The
fifth Fourier synthesis is represented in Fig. 2. rn this projection parasite
maxima are sti l l  present, especially around Ce peaks, but not so strong
as in previous synthesesl in any case all peaks corresponding to atoms are
distinguishable and stronger than parasite maxima.
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The interpretation of this projection is as follows: the four major peaks

are due to ce atoms; and the peak at the origin is due to two super-

imposed Ti atoms. There are three other relevant maxima, obviously

due to heavy atoms, of which two are interdependent and one independ-

ent. Finally there are 18 weaker maxima, of which 12 ate twice as in-

tense as the other 6: from the first 12,8 were attributed to two super-

imposed oxygens, and 4 to sil icon; the remaining 6 were attributed to

single oxygens.
One can exclude the possibil i ty that the above-mentioned three rel-

evant maxima represent superimposed atoms, as these maxima are half

as intense as the origin peak, and also because we know that these

positions are occupied only by Ti and Fe atoms, i.e. by atoms as heavy

as those at the origin. Hence the complete unit cell contains the follow-

ing atoms:

Ce8Me2Me4/Ti4Si8O44

or as oxides

2 [(Cerot, (Me'+O) (Mer3+Ot (TiOr) ! (SiOt4]

From the known chemical composition of perrierite [Bonatti and

Gottardi (1954)] it is possible to write the exact formula as:

[1Ce, ta, Y, Th, Ca, Na)zO:]z'(Fe'z+, Ca)O'(Ti, Fe3+, Fe2+, Mg):O:'(Tiotr' [1Si, e9O'ln,

In the following, a simplif ied formula wil l be used:

(cerot| Feo. Mez3+or' (Tioz)z' (Sioz)r

This wil l be discussed in detail later on.
Regarding the interpretation of Fourier synthesis, there is yet an

uncertainty, since it is not known whether there are Ti atoms or I{e3+

atoms at the origin. But the problem is unsolvable with perrierite,

because it has a chemicai composition such that the NIes+ is represented

almost entirely by Ti.
The above interpretation of the Fourier synthesis is seen in Fig' 3, in

which one can read the height of each atom from the (010) plane as a

fraction of the D length. The determination of the y parameters is ob-

vious, as previously mentioned. For most calions the choice is even

more l imited, as only values such as 0 and I are permitted by symmetry'

The choice is uncertain only for Fe# (r:0, z:L) and for X'[e3+ (r:0,

230,  z :0) ,  for  which e i ther  the parameter  1:0 or  l : *  is  possib le '  To

avoid these uncertainties comparisons were made of Fo and F" values

with indices hll. Parameters so seiected are given in Table 1'

F" and F" values are l isted in Tables 2,3 and 4' One observes that, of

the values of the first and second layers, those corresponding to the

"blind zone" are missing (the blind zone is always present in non-
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l 'rc. 3.'l 'he structure of perrierite projected on (010). The numbers give the ,-parameters
as permillage of the bJength. coordination tetrahedra and octahedra are indicated.

equator photographs taken with the Buerger camera). This is no dis_
advantage, as these structure factors are of use only in a simple com_
parison of Fo and F".

As said previously, calculated structure factors have been corrected
by a temperature factor with B:0, 65 42.
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Tanr,n 1. Arourc Pa'naMsrons or Pnnntnnrrs

r l

Number of

atoms in

unit cell

Position s/a v/b

0.4085
0 .1615
0.000
0 .270
0.000
0.238
0.047
0.085
0.29r
t t . J / 4 J

0.  103
o.397
0.492
0.  286
0.  138s

Reliabil ity indexes of the structure are given in Table 5' The agrcc-

ment between the observed and the calculated structure factors is

satisfactory, bearing in mind, the diff iculty of getting strong rcflcclions'

DBscnrPrrow oF THE Srnucrunn

Perrierite is a sorosil icate because of the presence of Sizoz groups in

its structure. Its cationic charges are also balanced by oxygen ions not

bounded to Si, there being 4 of these for each SizOz ErouP'

But the more obvious structural groups in perrierite are the Ti-O

chains parallel to the 6-axis: every two octahedra have an edge in com-

mon (hence two vertices, that is, two oxygen ions)' Actually there are

two series of octahedral cirains parallel to the b-axis, which together form

a layer. The first series of chairx starts at the origin of the lattice' as was

apparent before beginning the solution of the structule' The other series

is rotated 90o with ,.rp"J to the first and is formed by oyxgen with one

cation which it i. ,r...rru.y to denote by lVle++, even though, in the

perrierite samples .*u-in.i, about 75To of the lattice position is taken

up by Tia+ itself, while the rest is taken by Fe3+ and Mg2+' The lattice

porition of I{e+++ is such that the various cations of the chain form a

zigzag structure parallel to b. This arrangement is obviously due to the

strong repulsion between the near cations Me3+ and Ce3+' The resulting

distortion in the nrles+ octahedron is very great, but probably is com-

oensated bv a similar pattern of the Ol and Ol oxygens' which should nol

4
4
A

2
A

A

I
8
8
+
A

4
4
4

0.000
0.000
0.  250
0.000
0. 500
0.000
0 .000
0.  250
0 .250
0.  250
0.000
0.000
0.000
0.000
0.000

0 .731
0. 546
0.000
0.000
0. 500
0 .266
0 .742
0.  194
0 .  123
0 400
0.997
0.003
0. 660
0 .657
0 .399
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b L  I  ! b k  I b r  1  t  I

-to o l t  122
- r o o t 2  0
- 1O  O  13  32
-to o t4 .88
- 1 O  O  1 5  2 0

1 2 O  O  3 ?
1 2 0  1  0
1 2 O  2  ! 2
1 2 0  3  0
1 2 0  1  , 5
1 2 0  '  O
1 2 Q  6  3 5
1 2 0  7  0

- 1 2 0  1  0
- 1 2 0  2  6 7
- 1 2 0  3  0
- 1 2 o  1  8 Z
- 1 2 O  5  O
-12  0  5  l t o
- 1 2 0  7  0
- 1 2 0  I  9 ,
- 1 2 0  9  0
- r 2  0  1 0  9 5
- 1 2  O  r t  3 9
- 1 2 0 1 2  0
- 1 2 0 1 3  0
-12 0 14 122

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

-r4 0 1 217
-11 o 2 79
-14 O 3 2O9
- 1 4 0  4  0
- 1 1 O  5  2 @
- r 4 o  5  5 5
-11 0 7 221
- 1 4  0  8  1 1 0
- 1 4  0  9  1 9 3
- l l t  O  l O  O
- 14  0  11  1 r1
- 1 4  0  1 2  8 3
-14  0  13  112
- r 4  0  1 4  9 5

1 5 0  0  0
1 5 0  I  1 7
1 6 0  2  0

- r 5 0  1  0
- 1 5 0  2  0
- 1 6 O  I  O
- l 5 O  i t  O
- 1 6 O  5  o
- 1 5 0  5  0
- r 5 0  7  0
- 1 6 0  I  o
- 1 5 0  9  0
- 1 6 0 1 0  0
- 1 6  O  1 1  5 1
-15  0  12  21
- t 8 o  3  8 7
-18 0 4 .no
- 1 8  0  5  1 1 8
- 1 8 0  6  3 2
- r 8 o  ?  3 2
-10  0  8  146
-18  O  9  15O
-r8 0 1o 79

5 0  I
6 0  2
5 0  3
5 0  4
5 o  5
5 0  5
6 0  7
5 0 I
5 0  9
5 0 1 0
6  0  l t
6 0 1 2

- 5 0 . 1
- 5 0  2
- 5 0  3
- 6 O  / t
- 6 0  5
- 5 0  5
- 6 0  7
- 5 0 I
- 6 0  9
- 6 0 1 o
- 6  0  1 1
- 5 0 1 2
- 5 o 1 3
_ 5 0 1 4
-5  0  15
8 0  0
8 o  1
8 0  2
8 o  3
8 0  4
8 o  5
8 0  6
8 0  ?
8 0  8
8 0  9
8 0 1 0

- 8 0 1
- 8 0  2
- 8 o  3
- 8 0  4
- 8 0  5
- 8 0  6
- 8 0  7
- 8 0 I
- 8 0  9
- 8 0 1 0
- 8  0  1 r
- 8 o 1 2
- 8 o 1 3
- 8 0 1 4
-8  0  15
1 0 0  0
r o o  I
1 0 0  2
1 0 0  3
1 0 0  4
l O O  5
1 0 0  6
r 0 0  7
1 0 0 I
1 0 0  9

- 1 0 0  |
- r o o  2
- r o o  3
- lO O / t
- r o o  5
- 1 0 0  5
- 1 0 0  ?
- t 0 0  8
- 1 0 0  g
- ro  o  t o

o o  2
o o  3
0 0  4
o o  5
0 0  5
o o  7
o o  I
0 0  9
o o 1 0
o  o  l t
o o . l 2
o o  t 3
o o 1 4
o  o  1 5
2 0  0
2 0  1
2 0  2
2 0  3
2 0  1
? o  5
2 0  6
2 0  7
2 0 I
? o  g
2 0 1 0
2 0 , t l
2 0 1 2
2 O 1 3
2 0 1 1

- 2 0  2
- 2 0  3
- 2 0 1
- 2 0 ,
- 2 0  6
- 2 0 1
- 2 0 I
- 2 0  9
- 2 0 r o
- 2 0 1 1
- 2 0 1 2
- 2 O 1 3
- 2 0 1 1
- 2 0 1 5
4 0  0
4 0  1
1 0  2
4 0  3
4 0  / +
4 0  5
4 0  5
1 0  7
4 0  8
4 0  9
4 0 1 0
/+ O l l
4 0 1 2
4 O 1 3

- / t O  I
- 1  0  2
- 4 0  3
- / + O  4
-1  0  5
- 4 0  5
-1 0 7
- / 1  0 I
- 4 0  9
- 4 0 r 0
- 4 0 1 1
- 4 0 1 2
- 4 O  1 3
-4 O 1/+
- 4 0 1 5

6 0  0

t46  -16 t
117 +209
335 +121
67 +36

l t o  - 1 l O
21O +23,
276 +118
4J _r ,
39 -12

181 +206
166 +158't t l -100

o -20
r93 +197

O + 5
o -62

32 -7
O  +2 j

8? +59
146 +1O?

o -25
125 -112

O '+26

7 ,  +51
39 +22
87 -59
79 +56
o *35
o - t

32 +66
87 -89

r  18  + iO4
59 -20

1o3 +109
55 -35
O  + l i

71 -52
39 +1
32 +5O

11O +82
o  - t l

39 -28
O + 2

22, +256
193 +198
1 8 1  - 1 8 5
39 -64

272 +3i3
47 +22
o - 7

39 -32
2?5 +235
87  +45
o -te
O  + 1 1

114  +1 i+9
o + 3
o -25
o -20

211 +2r1
1r1 +l?8
256 -276

O +25
237 +213
1 r1  +134
143 -125

O +20
197 +216
87 +?5

158 -159
79 +91
67 +l0O

185  -158

O +43
261 +212
145 -149
103 - t  l8
67 +E2

!3O +85
162 -155
17 -53

171 +t38
39 +3O

r30  -119
16  - t 4

178 -1?8
173 +18?

o - ,
18 r  - 18?
79 -51

2O1 +208
o  - 1 0

118 -76
O +32

28 +63
75 -71
17 -58
39 +64
J2 +71
o -32

79  +119
158 +2O7
6l  +41
79 -78
19 +83

1+2 +192
v + J
o  - l J

17  +1OO
5l  +58
o - 8

193 -20,
193  +172
28O +33O
39 +6,

177 -142
162 +152'181  +155

o *Jo
138  -1  19
233 +2+o
138 +115
17 -52
o -37

t56  +158
95  +1O2
87 -88
O +42

218 +216
O  + 1 7

1r4 -122
O + 8

l9l  +211
o -5o
o -5o
o +54

87 +92
185  + l5J

o -44
91  42

112 +12,
197 +193
51 -71
0 -4?

146 +167
112 +129

-121
+ 1 3
+51

+1O2
-12
+ 1 5
+29
+ 5 1
- 1 8
+8O
+ 1 8
+59

4
- r6
+79
+ 1 8
+68
-5

+ 1 1 O
+17
-70
+ 1 5
+92
+23
-38
+5

+112
_19

-151
+126
+125
-105
-58

+193
+ tO5
-181
-19

+167
+86

-201
+84

+16,
+3

-1  4 r
+8O

+128
-77
+18
_27
+ 1 7
+6
-6

+ lO
+ 1

+22
+29
+ 5
+ 1 8
_27
+15
-11
+4O
_58

+ 1 t O
+ 1 1 5

-52
-52

+125
+1 50-fr
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TAsr,n 3. F, eNo F" Ver-urs lon /z1l Rnrr'rcrroxs

h t  I h t  r  ! o  l o b L  r  l ^  l ,

3 /+4 -12
4 0 + 5 1
5 O - 1 6
6 +E -67
7 O + 5
8 0 - 3
9 O - 2 1
1 0 - 2 9
2 t8o -139
3 O + E
1 52 +51
5 0 - 3 2
6 221 -211
1 1r2 +136
E O + 1 0
9 5 6 J 3

10 'r32 -111
I  1 116 +lO4
1 2 O + 3
0 4+ -50
1 272 +216
Z 12+ +E4
3 rzE -rzE
4 0 - 1 6
5 196 +1E9
5 0 - 7
1 61 -93
8 O + 2
r r?5 -r83
2 221 +19)
! 22O +222
1 132 -ll8
5 36 -91
6 r88 +165
7 160 +162
8 r40 -116
9 o - 3 2

lO 116 +153
t l  rOB  + lO l
72  14 {  - r 5 l
o r5E -r{E
I 55 -'lt
2 0 - 3 9
3 18 +'lE

I
t
't

1
1
I
I
I
I
t

5
5
5
,
5
,
5.,

-5
-5
- ,
- 5
- ,
-5
- ,
-5
- ,
- ,
- ,

7
7
7
7
7
7
7
1
7

-1
-1
-1
-1
-7

-7
-7
-7
-7
-7
-7

9
9
a
9

l
1
,
5
7
E
9

10
t l
3
4
5
5
7
6
9

to
1 t
1 2
o
1
2
3
1
5
6
7
8
9

lo
2
3
4
5
6
1
E
9

10
t 1
12
o
I
2

I
I
I
1
1
I
I
I
I
I
I
1
I
1
I
t
I
t

- l
- 1
- t
- 1
- t
- t
- l
- t
- t
- t

3
3
3
3
3
3
3
3
3
l
3

-3
-3
-l
- l
-3
-3
-3
- l
-3
! 3
-3

5
,
5

115  + lO?
12 +45
0 -4:l

l {E -116
135 +'l{6

o -35
o -25
o - t5
O +56

121 -98
2oo +l5o
lOO +71
210 -200

0  -19
192 +153

o  -17
r88 -157
j2 +55
64 +55
o - 6

398 +12Q
115  -141
tE/t -22t
l/t/t +l3tl
21O +251
1E4  -1?1
t5i t  -123
2O1 +l? l
t 54  +133
r44 -1ro
96 -97

4ro +198
!2 -29

2i10 -216
50 +71

2$ +248
11 -71

15/t  -1r2
'lOO + 103
154 +1t14
92 47
O + 5

{o -3!
r40 -r2E

{  r 4E  -116
5 o - 3 9
5 o + 8
1 72 +E5
2 0 - 5 1
3 40 -11
1 52 -?1
5 o + 2 1
6 '2 -5r
? o - 4 E
8 0 - 1 5
9 O - 3 5

10 0 -21
1 r  o  - 31
12 0 -34
o iEo -18?
! 50 -12'
2 26 +1E2
l o - f l
1 61 -93
1 O + t 3
2 26 +229
3 o + 5 7
4 t8o -233
5 80 +1O?
6 l5O +206
? O + 1 {
8 160 -'194
9 to/t +1,15

10 l / to +155
o 0 - 3 6
r  l l 2  - 105
2 O - 2 t
t 0 + 5 1
2 0 - 3 1
I 8E -721
4 O + 2 2
5 O + 1 2
6 0 - 7 4
? 0 - 6 2
E 0 - ! o
9 o + 3 9

9
o
9

-9
-9
-9
-9
-9
-9
-9
-9

-9
-9
-9
t 1
t l
I t
1 t
t t

- l  I
- 1 1
- 1 1
- t l
- 1 1
-fi
- l l
- t  I
- t i
-fi

t 3
1 l
1 l

- r 3
_ 1 3
_ 1 3
_ r 3
- r l
- 13
- r3
- r l
_ 1 3

be exactly superimposed along D. But with the experimental data avail-

able, it is impossible to demonstrate such a zigzag pattern for these

oxygens, for their Z valrte is too small in comparison with that of the

other ions. The two series of chains, that of Tia+ and that of Me3+, form

a layer parallel to (001) through the origin. The SizOz groups' which

include all 6 oxygens coordinated by Fe+, are arranged midway be-

tween two layers of octahedra.
The Ce#+ ions in coordination 10 Iie between these layers of octa-

hedra and the SizOz groups. Of the 10 oxygens which surround Ce, 6 are

located at the vertices of a hexagon with a cation at the center, 3 above

the hexagon, and one below.
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Tasr,B 4. Fo ann l'" Var,uBs ron h2l, Rulr,rcrroNs

h k  I  t ^  t ^  b L  1  r

48 +35
l l7 -106
212 -253

o - 5
o +5o

73 -102
0 +23
o *3o

159 +158
o -47

116  - t 4 l
O +48
o +Tf
o -7e

146 -16
201 -r93

O  + l ?
92  _9 j
50 -16

229 -212
175 +' l8t
121 +120
76 -60

185 -196
t l l  + 1 O 8
73 -116
60  -1  15

175 -r98
131 -121
162 +171

I -38
92  -136
o -30

1 1 1  + 1 2 5
50 +17

1O2 -98
o -43

159  -178 .
o - 4

l3O +125
150  -153

h k

- tOt+
-32
+ 5 1

-127
-20
-2

-32
+23
+58

-100
+38

-52
-94
-2

+23
_61
-44
+32

- 103
-t?6
+59
+16

-230
-18

+ 1 1 9
-3

-211
-2

+ 1 t ?

- 1 0 2  E  6 1
- r o 2  9  0
- 1 0 2 1 0  0
-to 2 t l  102
- 1 0 2  1 2  0

1 2 2  0  0
1 2 2  1  5 +
1 2 2  2  0
1 2 2  3  0

- 1 2 2  t  o
- 1 2 2  2  0
- 1 2 2  3  0
- 1 2 2  1  0
-'t2 2 5 48
- 1 2 2  6  0
- 1 2 2  7  0
- 1 2 2  8  0
- 1 2 2  9  0
- 1 2 2 1 0  0

1 1  2  0  0
1 1 2  1  1 7 8

- 1 1 2  |  o
- 1 1 2  2  0
-11 2 J 188
- 1 1 2  1  O
-11 2 5 to5
- 1 1 2  6  0
-11 2 7 172
- 1 1 2  I  o
- 1 1 2  9  9 5

- 6 2  6
- 5 2  7
- 5 2 I
- 6 2  9
- 5 2 1 0
- 6 2 1 1
- 6 2 1 2
8 2  0
8 2 1
8 2  2
8 2  J
8 2 1
E 2  5
8 2  6
8 2  7

- 8 2  1
- 8 2  2
- 9 2  r
4 2  1
- 8 2  5
- 8 2  6
- 8 2  7
- 0 2 I
- 8 2  9
- 8 2 1 0
- 6 2 1 1
4 2 1 2
1 0 2  0
1 0 2  I
1 0 2  2
r o 2  3
1 0 2  1
1 0 2  5
1 0 2  6

- 1 0 2  1
- 1 0 2  2
- 1 O 2  3
- 1 O 2  1
- l o 2  5
- 1 0 2  6
- 1 O 2  1

o 2  6  2 1 3  - 1 7 2
O Z  1  1 2 1  + l l E
o2  8  223  +?06
o 2  9  1 O 5  - . t 1 {
o 2 ro 169 _162
o  ,  t l  t 43  +153
O 2 12 14O +129
2 2  5  E 3  - 1 0 1
2 2  6  7 0  _ 7 3
2 2  7  6 3  - 8 E
2 2  I  s  - 4 3
2 2  9  o  - 1 2
2 2 1 0  5 1  _ 6 8
2  2  11  t 82  -139

-2 z', 7 217 -1?3
-22  I  51  +4E
-22  9  76  -83
-2 2 10 70 _51
-2 2 11 127 _84
- 2 2 1 2  O  - : 0
1 2  1  t J 4  + 1 4 3
1 2  5  0  - 3
1 2  6  8 3  - t o 8
1 2  7  1 1 5  - 1 1 3
4 2  I  r 3 4  + 1 2 1
1 2  9  0  - 4 4
1 2 1 0  8 0  - 8 0

- + 2  7  1 5 1  + 1 2 7
- 4 2  I  o  * 3 A
-12 9 229 -221
- 1  2 1 0  0  - 1 8
-1 2 11 89 +9J
- 1 2 1 2  O  + 1 2
6 2  2  8 6  + 1 2
62 3 255 -20'
6 2  1  t 9 r  - 2 1 1
5 2 ,  7 6  + 5 O
62 6 108 +?' ! )
6 2  7  z t o  - 2 3 O
6 2  I  t o 8  - r o 8
5 2  9  O  + 5 5

Tasr,r 5. RBlresrury fwncxns

(010) equator
(010) first layer
(010) second layer
All reflections

Reliability indexes
Number of
reflections including all

reflections
including only ob-
served reflections
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Taeln 6. INrrn.q.tourc DrsraNcps rN Prnmoutr

1 1

Neighbour

O' (2)
Or
Or

Or (2)
O, (2)
05 (2)

O, (4)
Or
Os

03 (4)
06 (2)

Neighbour Distance (A)*

o, (2)
Os
Oz

r . 6 2
l . o /

I  .68
1 . 6 7
t . 6 l

2  .08
1 . 9 9
| . 9 9

1  . 9 5
2 . 2 1
r . 7 2

z . t J

1 9 1

O' (2)
Oz(2)
o, (2)
Or
O, (2)
Os

O' (2)
Oz (2)
Ol (2)
Or
Oe (2)
Os

2 . 3 7
2 . 4 8
2 . 3 6
2 . 9 3
3 . O 2
2 . 4 4

2 6 0
2 . 5 s
2 7 0
2 . 7 6
2 9 6
2.+0

* 'Ihe interionic distance error in the oxygen parameters is t 0.05 A, rvhile thtit f or the

cation parameters is decidedly smaller.

Table 6 gives the interatomic distances between the various cations
and the anions coordinated by them. There is a remarkable regularity,
particularly in consideration of the diff iculty in determining the position
of l ight atoms, such as Si and O, clo-se to heavy atoms, such as Ce.

Table 7 i l lustrates the balance letween the oxygen,anion charges
and the cations surrounding them. pauling's rule is normally fulf i l led.

Finally it shoutrd be pointed out that the existence of the layer of
octahedra parallel to (001), which morphologically is the plane (100),
manifests itself in an outstanding manner: the (001) plane is not only
always weil developed in crystals, but it is frequently also a twin-plane.
Thus it is evident that nucieation occurs precisely on that layer of
octahedra, whose two faces are perfectly equivalent.

Tnn CnnlrrcAr, FoRMULA

In the preceding section the chemical formula of perrierite has been
deduced from its crystal structure. By using (SirO, groups, we can write

the formula as follows:

c4l81 3+Me[6]2+Mgrtsl:+n4grleJr+ [Qn I Artrtr*o,],



12 GLAUCO GOTTARDI

Tasln 7. Ber,aNcn Brrwrnn Oxvcrr Cnanors exo Sun-r.ouNorNc CarroNs

Anion Balancing cations

Ratio of :

charges of cation to
coordination number

Total charges sur-
rounding anion

Ti
Si
Ce
Ce

Me+++
Me+++
Ce
Ce

Si
Fe
Ce
Ce

Ti
Ti
Me++
Ce
Ce

Ti
Ti
Me-#

Si
Fe
Ce
Ce

Si
Si
Ce
Ce

Si
Ce
Ce

4/6
4/4
3/r0
s/r0

s/6
3/6
3/r0
s/r0

4/4
2/6
3 /10
3/ro

4/6
4/6
s/6
3/t0
3/r0

4/6
4/6
s/6

4/4
2/6
3/r0
3/r0

4/4
4/4
3/r0
3/r0

4/4
3/r0
3110

2 . 2 7

1 . 6 0

1 . 9 3

2.43

1 . 8 3

1 . 9 3

1 . 6 0
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where

C3+ : rare earths, Th{+, Ca2+, Na+

Me2+ : Fez+, Ca2+

Mes+ : Tia+, Fes+, \Ig2+, Fe2+

Me4+ : Ti4+

A4F :  Si4 ' ,  Al3+

The isomorphic substitutions here l isted have been found in perrierite
from Nettuno, but obviously other substitutions are possible according
to crystallochemical laws.

The exact formula, which is calculated from the chemical analysis of
perrierite from Nettuno, is as follows:

(Cez,grLao,soYo,16Ths,1eCa6, 53Nao,rr) (Fe2+o,eCao,:r)

(Tir,reFes+o,rsMgo,zFe2+o,os)Tiz [On | 1Sir,*Rto,*)Ot J,

A second occurrence of perrierite is known: the mineral of Kobe-1\l lura,

Japan, studied by Takubo and Nishimura (1953) and named chevkinite,
although it was demonstrated by Bonatti (1959) to be perrierite. From
the chemical composition [analysis (2)] of the Kobe-N{ura perrierite one
can calculate the formula:

(Cet,rnl-ar,nYo,r6Th6, $Cas,e7) (Fe2+6,eeMns, 67)

(Tio,zsFe3+o,rsAl1,$Mgs,s6Mno,orTrr[O4 I (Sir,aoAlo,rs)Or]z

This formula does not seem applicable to the analyses of chevkinite;
moreover chevkinite has a unit cell volume 7/6 greater than that of
perrierite, and this leads one to suspect that there are more O atoms in
the chevkinite unit cell than in the perrierite unit cell.

On the basis of this formula and of the unit cell dimensions, the
theoretical specific gravity has been calculated, the result being G: 4.77;
the experimental value [Bonatti and Gottardi (1954)] is G:4.45. The
theoretical value normally is greater than the experimental onel in this
case the difference is large, but explainable considering that the meas-
urement was made on a sample of very small crystals. The sample used
for the determination of specific gravity was then destroyed during thc
chemical analysis. It did not seem useful to purify a new sample in ordcr
to make a new measurement of specific gravity, which would not con-
tribute anything new to the information already secured.
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