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The crystal structure of peprossiite-(Ce), an anhydrous REE and Al mica-like borate
with square-pyramidal coordination for Al
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ABSTRACT

Single-crystal structure refinements are presented of the holotype of crystal peprossiMo(@z)
Cavalluccio) and of a new sample from Cura di Vetralla (Viterbo, Italy) with slightly different com-
position, together with new EMP-SIMS chemical analyses. These results allow us to propose a new
unit formula: [REE.,(Th,ULCa](Al 30),4[(B4-Si,)]O,withx—y +z=1/3 ¢ = 1) for the peprossiite
group. Lattice constants for the holotype crystalare4.612(1).c = 9.374(3) Av=1726R z=
1, space group6 2m. The crystal structure was solved by Patterson methods and refiRgg=o
1.8% R = 2.2%) for 706 unique reflections in th@-2ange 6—138 Lattice constants for the thorian
peprossiite-(Ce) from Cura di Vetralla age= 4.596(3),c = 9.309(16) AV = 170.3 &, and the
structure was refined ®,,s= 2.9% andR,, = 3.0% for 271 unique reflections in th@-ange 4-80
The topology of the tetrahedral layer and the site of the inter-layer cation (REE) in peprossiite re-
sembles that of dioctahedral micas. The main difference lies in the presence of layers of pyramids
instead of layers of octahedra typical of mica. In peprossiite, Al is coordinated by five O atoms in a
nearly square-pyramidal arrangement, the base of which is formed by pairs of apical O atoms from
two layers of tetrahedra related by a mirror plane. Three of these pyramids share their apical O
forming Al;O groups with occupancy of 2/3 according to the structure refinement. A model is pro-
posed that explains the apparent disorder in the pyramidal layer of peprossiite by the stacking within
a triple cell (witha' =a v 3 anda ~ a' = 30) of three ordered layers randomly translatedt: lay

INTRODUCTION EXPERIMENTAL METHODS

Peprossiite-(Ce), an anhydrous borate of Al and REE, waample description

discovereq in 1986 in a "typg-A sanidinite” ejectum a@ Monte Holotype peprossiite-(Ce) (crystal Pepl) was described in
Cavalluccio, Campagnano di Roma, Italy. The description gktajl by Della Ventura et al. (1993). The sample recently found
the mineral with its chemical and physical properties was rgyystal Pep2) occurs inside a foid-bearing syenitic ejectum from
ported by Della Ventura et al. (1993). The determination of thg,ra g vetralla, Viterbo, Italy, and is significantly enriched in
crystal structure of holotype peprossiite-(Ce) (Caucia et gl wijth respect to the holotype. The host rock, collected within
1991) was hindered by difficulties in the interpretation of thg pyroclastic deposit belonging to the Vico volcanic complex,
observed structural disorder at the atomic scale. Substangaj:omposed of predominant potassium feldspar with minor
differences also were found between the unit formula Ca'%'l‘agioclase, augitic clinopyroxene, biotite, and magnetite. Ac-
lated from the chemical analysis by Della Ventura et al. (199§éssory phases include titanite, zircon, and rutile. Thorian
and that derived from the crystal structure. A recent discovei¥prossiite-(Ce) occurs in the myarolitic cavities resulting from
of (Th-richer) peprossiite-(Ce) at another locality together wifp,o intersecting potassium feldspar, as fan-shaped aggregates

more complete chemical anaylses and advances in analytigakiexible) platy, transparent, and lemon-yellow colored crys-
techniques allow resolution of these problems. We report hergifls with the maximum dimension of 2.

the crystal structure of two peprossiite-(Ce) crystals and model
the structural disorder. The re-definition of peprossiite-(Ce) h&sray analysis and data collection

been approved by the IMA-Commission on New Minerals and A few crystals from both specimens were selected for crys-
Mineral Names (99V). We dedicate this work to the memogy|iographic analysis and X-ray data collection on the basis of
of Giuseppe (Pep) Rossi, whom this mineral was named afigtical behavior and freedom from inclusions; they were
in the decennial of his passing away. mounted on a Philips PW-1100 automated four-circle
diffractometer and examined with graphite-monochromatized
MoKa X-radiation. Crystal quality was assessed via the pro-
files and widths of Bragg diffraction peaks; only a couple of
crystals from each specimen were found to be suitable for data
*E-mail: oberti@crystal.unipv.it collection. Unit-cell dimensions were calculated from least-
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squares refinement of thkvalues obtained from 60 rows offirst unweighted refinement performed on 640 observed reflec-
the reciprocal lattice by measuring the center of gravity of réens || = 2g,] with fixed occupancies as derived from prelimi-
flections in the B range between —70 and°7@able 1). Very nary chemical analysis convergedRg,; = 6.2%; a mixture of

high (Pepl) and high resolution (Pep2) intensity data of hex914 Pr + 0.086 Ca was used at M2, as Pr has a similar num-
agonal-equivalent reflections were collected using the step-sdsar of electrons to the aggregate trivalent and tetravalent cat-
profile technique of Lehman and Larsen (1974); integratidans at M2 obtained from the chemical analysis reported by
was made by means of profile-fitting analysis. The data webella Ventura et al. (1993). Abnormally high displacement fac-
corrected for absorption following the method of North et alors were observed at the M1 and O3 sites, suggesting their
(1968) and for Lorentz and polarization effects, then averag@domplete occupancy. Accordingly, occupancies of all the sites

and reduced to structure factors. but M2 and T were allowed to vary. TRg,, factor dropped to
o ] 3.5%; the M1 and O3 occupancies approached 2/3 (actually,
Crystal structure determination and refinement 0.65(1) and 0.67(3), respectively), whereas those of O1 and

Most of the experimental details reported in this sectid@2 remained equal to 1.0. At this point, the ideal formula unit
concern the holotype crystal of peprossiite-(Ce) from Monteas (REE)A)(B,O,,)O,; and the charge unbalance was —0.33.
Cavalluccio (Pep1l). Due to the presence of heavy atoms in theThe positions and multiplicities of the M2, T, O1, and O3
preliminary analysis (REE, which were found to order at theites in space grou6 2mare also consistent with those in the
M2 site), the crystal structure of peprossiite-(Ce) could lmentric space-group6/mmm in the latter, however, the multi-
solved by Patterson methods in the Laue g@&fmmm On plicities of M1 (3) and of O2 (6) are doubled. The centric sym-
the basis of their reciprocal distances, the four highest maximetry of most of the atoms suggested that Al and O could be
were related to vectors between the M2 site and, respectiveligtributed over equivalent centric M1 and O2 sites. This pos-
the sites occupied by Al, B, and the two independent O atorsijility was investigated by using an option of the least-
which form tetrahedra centered on B. The unique M2 site weguares program, which allows refinement of the possible
assigned at the origin, and the coordinates of the other maxipaatition of some atoms between centric sites in an acentric
are those of M1 (occupied by Al), T (occupied by B), O1, O&ystal. The refinement endeB,{; = 2.0%) with Al equally
sites in the unit cell. The position of a third O atom (O3 sitelistributed [0.52(3) vs. 0.48] over the six centric M1 sites (1/3
was obtained from a subsequent Fourier synthesis. occupancy) irP6/mmmand not over the three M1 sites (2/3

The number of equipoints for the M1 and O2 sites, as daccupancy) ifP6 2m. A limited distribution of the O over cen-
rived from the symmetry of the space group in the Pattersmosymmetric sites was observed also for the O2 site [0.92(2)
space P6/mmn), is larger than the number of atoms in the units. 0.08]. In conclusion, only the symmetry of the O2 site is
cell. The space group of peprossiite must be chosen amongrtraly acentric in the crystal structure of peprossiite.
acentric space-groups with Laue symm&@ymmm Only P6 The occupancy of Pr was subsequently allowed to vary
2mwas consistent with an arrangement of O1 (unshared) aghinst that of Ca at the M2 site, together with the occupancy
02 (shared) O atoms in a sheet of borate tetrahedra. The idéd against that of Si at the tetrahedral T site. The changes in
formula unit derived from site multiplicity in space groR@ the refined site-scattering were very small, 8ydconverged
2mis (REE)AL(B,O,0)O; this formula shows an excess of posito 1.8%, whereaR,, for the 706 independent reflections con-
tive charges (+2), possibly related to an excess of Al. verged to 2.2%.

The structure refinement utilized a full-matrix least-squares The site scatterings at the cation sites are accurate within
program; scattering factors for neutral atoms were used at 89%; the refined values at M2 (55.0 epfu) and at T (5.3 epfu)
M2 (REE), M1 (Al), and T (B) cation sites, whereas those fauggest incorporation of small amounts of lighter (Ca and Y)
partially ionized O atoms (Pwere used at the anion sites. Aand heavier (Si) elements, respectively.

The structure refinement of a crystal from the second speci-

TaABLE 1. Unit-cell parameters, data-collection parameters, and  men (Pep2) was done following the above procedure, except
selected refinement parameters for the crystals of ¢, ye chojce of scattering factors at the M2 site. Initially, the

peprossiite-(Ce) from the holotype specimen (Pepl) and :

from the new finding from Cura di Vetralla (Pep2) M2 occupancy was kept fixed to (La 0.9 + Th 0.1) based on a

preliminary chemical analysis. The results were comparable to

Crystal size (1m9) 260 xpfgé % 24 160 figé % 80 those of the refinement of crystal Pep1, although the quality of
a(A) 4.612(1) 4.596(3) the second crystal was lower. The occupancies at the M1 and
Cv((jé\l) 9-137724(73) g-igg(és) 03 sites converged to 2/3, and Al was equally distributed over
z 1 1 1/3 of the six centrosymmetric sites; however, no disorder over
Space group P62m P& 2m enantiomorphic sites was found for O2 in crystal Pep2, as the
iﬁ,’;“nggeem +‘}7‘1+3,‘(‘ | . h“jrs,? . O atoms occupy uniquely and completely the sites compatible
scan mode ‘o T -20 with the acentric space grol® 2m. No Si was indicated at
:ggz ;Viitd(zz) 02605 02-003 the tetrahedral site, whereas the Th content at the M2 site was
No. coﬁected £ 6265 2263 higher [Th 0.22(4) vs. La 0.78], giving 5.0 epfu at T and 64.1
No. unique F 706 271 epfu at M2 R,, converged to 3.0%.

flgmo(;/"s),:(bm) 221% 256% Atomic coordinates and equivalent isotropic displacement
Rups (%) " 1.8 2.9 parameters for the two refined crystals are listed in Table 2;

Ra (%) 2.2 3.0 selected bond lengths and angles are listed in Table 3. The larg-
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est differences between the two set of data are in the atofeLE 4. Anisotropic displacement coefficients (x 10) in peprossiite-

coordinates of O24x 0.0035,Az 0.0020) and in the <M2-O>

mean bond-length (2.764 A in Pepl, 2.742 A in Pep2); th#ge Un Uz Uss Uss
latter feature is consistent with a higher content of a smallé¢ éi(zz()l) éi(zz()l) 228 8
tetravalent cation (Th) at the M2 site. The <T-O> and <M1-Og; 46(2) 48(3) 60(2) 0
mean bond lengths are identical within the experimental er- 56(11) 44(13) 96(11) 0
rors. The anisotropic displacement parameters and obserVed ;ggé) ;gg%) ggg)ﬁ) 0
and calculated structure factors are listed in Tables 4 ‘and 501 92(2) 92(2) 54(2) 0
90(9) 90(9) 78(12) 0
Chemical analyses of the refined crystals 02 131(3) 72(3) 87(2) -30(2)
101(11) 34(13) 149(13)  —20(12)
The holotype crystal used for the structure refinement was 46(4) 46(4) 86(7) 0
embedded in epoxy-resin, polished and analyzed with both the 30(23) 30(23) 141(46) 0

electron- and the ion-microprobes (EMP and SIMS).
WDS-EMP analyses were done with a Jeol JXA 840A prolgp [—21¢ (H2a'? Uy, + k2b™2 Uy, + 1202 Usy + 2 hka'b® Ui, + 2 hia'c’ Uy + 2

at the Centro Grandi Strumenti of the Universita di Pavia. 3¢’ Us)l.

Al, and Ca were quantified by using minerals as standards:

Notes: Uy, is fixed to ¥, U,, and U,; to 0 by symmetry. First line: Pepl;

second line: Pep2. The atomic displacement parameter is of the form:

'For a copy of Table 5, document item AM-00-038, contact thgrope Dora Maira (%ia, AlKa), diopside Wakefield (G¢a).
Business Office of the Mineralogical Society of America (Se&nalytical conditions were 20 kV and 20 nA beam current, and

inside front cover of recent issue) for price information. D
posit items may also be available on the American Mineral
gist web site (http://www.minsocam.org or current we

address).

TABLE 2. Atomic coordinates and equivalent isotropic B, (A?) in

peprossiite-(Ce)

Site Mult. Occup. xla yib zlc Beq
M2 1 * 0 0 0 0.86(0)
0 0 0 0.67(1)
M1 3 213  0.3889(2) 0 12 0.40(2)
0.3889(9) 0 1/2 0.52(7)
T 4 T 1/3 2/3 0.2202(1) 0.57(1)
1/3 213 0.2196(1) 0.49(7)
o1 4 1 1/3 2/3 0.3754(1) 0.63(1)
1/3 2/3 0.3744(4) 0.68(5)
02 6 1 0.4215(3) 0 0.1612(1) 0.81(2)
0.4180(9) 0 0.1592(4) 0.81(7)
o3 1 2/3 0 0 1/2 0.47(3)
0 0 12 0.53(17)

Note: B is calculated from refined anisotropic parameters. First line =

Pep1l; second line = Pep2.
* Pepl: Pr 0.898(2), Ca 0.102; Pep2: La 0.785(11), Th 0.215.

 Pepl: B 0.967(3), Si 0.033; Pep2: B 1.000.

TABLE 3. Selected interatomic distances (A) and angles (°) in

peprossiite-(Ce)

Pepl Pep2
M2 ditrigonal prism
M2-02 x6 2.462(1) 2.426(4)
M2-02 x6 3.066(1) 3.058(4)
<M2-02> 2.764 2.742
02-02-02 89.59(5) 88.3(1)
02-02-02 150.41(7) 151.7(1)
T (B) tetrahedron
T-01 1.455(1) 1.442(7)
T-02 x3 1.486(1) 1.489(5)
<T-O> 1.478 1.478
01-T-02 x3 111.86(5) 112.2(2)
02-T-02 x3 106.99(5) 106.6(2)
M1 (Al) pyramid

M1-01 x4 1.844(1) 1.840(3)
M1-03 1.793(1) 1.788(3)
<M1-O> 1.834 1.830
01-M1-01 x2 78.62(2) 78.85(8)
01-M1-01 x2 92.45(3) 92.26(10)
01-M1-03 x4 106.14(3) 106.11(10)

% um beam diameter. Tabulated data are averages of ten analy-

gés, which are representative of crystal composition and zon-
Ing. Data reduction was done using the RKPZ) routine
(Pouchou and Pichoir 1985).
lon-probe analyses were done with a Cameca IMS 4f probe
on polished crystals coated with gold (~400 A thickness) bom-
barded with &0~ primary beam. Experimental conditions and
calibration procedures for REE, Th, and B are briefly described
below. Further details can be found in the cited references.
REE, Y, and Th. REE (La, Ce, Pr, Nd, Sm, Eu, Gd, Dy, Er,
Yb), Y, and Th signals were measured with a 3 nA current fo-
cused onto a spot of ~44Bn in diameter. The width of the en-
ergy slit was 50 eV and the voltage offset applied to the sample
accelerating voltage (+ 4500 V) was —100 V. The REE-enriched
Ca-Al-Si-glasses prepared by Drake and Weill (1972) and the
NIST610 glass standard were used to convert relative ion inten-
sities to elemental concentrations in the case of REE and Y,
whereas NIST610 and other synthetic glasses (kindly provided
by K. Schmidt, Géttingen) were used for Th. Al was assumed as
the internal reference element. Interferences in the M- and H-
REE region of the secondary ion spectrum were significant (es-
pecially in crystal Pepl); complex molecular interferences were
carefully removed according to the procedure reported in Oberti
et al. (1999). The accuracy of the SIMS analyses is estimated to
be ~10% relative for REE and Y, and 10-15% relative for Th.
Light elements. B was analyzed by the procedure devel-
oped for silicates by Ottolini et al. (1993), which involves an
empirical approach and energy-filtering. Synthetic glass stan-
dards were used (Pyrex, NaAlB, and NIST610, which are rep-
resentative of our calibration curve). The accuracy of the SIMS
analyses for B was shown to be better tha¥ (Hawthorne et
al. 1995); in the present case, it seems to be even higher (~1%)
when compared to the stoichiometric value (4.00 in Pep2).
Complete chemical analyses were obtained for crystal Pepl
by combining EMP and SIMS results. As SIMS analyses con-
sumed all the available material in the case of Pep2, we used
the Al and Ca contents measured on crystal Pepl. Oxide per-
centages and unit formulae calculated on the basis of seven
cations per formula unit (pfu)—as suggested from the struc-
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ture refinement—are reported in Table 6, together with the wifferent sizes. The arrangement found in peprossiite is similar
fined site-scatterings and those calculated from the unit fdo-that observed in the rard2 polytype (e.g., in nanpingite,
mulae. A comparison with the analysis reported by Delthe cesian analogue of muscovite; Ni and Hughes 1996).
Ventura et al. (1993), after their recalculation to 9 oxygen at- From a crystal-chemical perspective, the main difference
oms pfu (column 1 in Table 6), shows that those authors Haetween peprossiite and mica is the lower coordination of the
probably underestimated the B content. Inspection of the fdtl cation, which is surrounded by five O atoms arranged at
mula unit derived from the structure refinement of peprossiitee vertices of a nearly tetragonal pyramid in peprossiite.
reveals an analogy with dioctahedral mica; an important dif- The M1 coordination is related with the stacking of the lay-
ference is the absence of the two OH groups of micas, whifs of tetrahedra. Two pairs of superimposed apical O1 atoms
are replaced by 0.67 O in peprossiite. Different chemical sgeem adjacent layers of tetrahedra form the nearly square base
cies occur in the two minerals: in peprossiite B replaces Si, Al,

and Ti in the T tetrahedra, and REE replace monovalent :
divalent M2 inter-layer cations in mica.

CRYSTAL STRUCTURE, CATION ORDERING, AND
LAYER STACKING IN PEPROSSIITE

Peprossiite is a layered borate, with layers of six-membe
rings of B tetrahedra alternating with inter-layer cations (RE
and layers of Al polyhedra; the stacking sequence closely
sembles that in micas (Fig. 1). Thus peprossiite has an enti
new type of structure for a borate, according to the structt
classification of Hawthorne et al. (1996). The layer of tetrat
dra (Fig. 2a) is topologically identical to that of mica (Baile
1984). Consequently, the length of theell-edge in peprossiite-
(Ce) (4.61 A) is similar to that of the corresponding edge
muscovite (5.18 A) multiplied by the ratio (0.90) between tl
<B-O> and <(Si,Al)-O> mean bond lengths (4.66 A).

However, the stacking of the layers of tetrahedra along -
[001]-direction is different from that of mica: adjacent layel
are reciprocally rotated in micas, but are related by mirror pla
parallel to (001) in peprossiite. Due to the peculiar stacking
the layers of tetrahedra, the coordination around the inter-la
M2 site is still twelve but has the shape of a ditrigonal pris
(Fig. 1). This coordination is different from that observed arou
monovalent and divalent cations in the most common mic
(2M; polytype), where twelve O atoms (actually, two sets of Ficure 1.Clinographic view of the crystal structure of peprossiite
six O atoms) are the vertices of two intersecting octahedra withowing the coordination of M1 and M2 cations.

TABLE 6. Chemical analyses of peprossiite-(Ce)

Atom wt% oxides Unit formulae

1 2 3 1 2 3
Ce 18.62(62) 18.79(61) 15.27(18) 0.40 0.46 0.37
La 14.53(66) 13.75(65) 8.58(39) 0.32 0.34 0.21
Pr 4.37(18) 1.20(05) 1.21(05) 0.09 0.03 0.03
Nd 2.11(nd) 2.07(06) 2.82(13) 0.05 0.05 0.07
Th 1.68(47) 2.35(17) 14.29(61) 0.02 0.04 0.22
Ca 1.34(09) 1.20(35) [1.20] 0.09 0.09 0.09
Z(Sm-Yb,Y) 0.17 0.55 <0.01 0.02
>M2 0.97 1.01 1.01
Al (M1) 29.40(22) 26.16(79) [26.16] 2.04 2.05 2.04
B 29.56(17) 32.80(99) 34.70(90) 3.00 3.77 3.96
Si - 2.75(18) - - 0.18 -

Totals 101.61 101.24 104.78

(o] 9.00 10.57 10.57
M2 ssr 55.0 64.1 ssc 56.2 61.0
M1 ssr 26.0 26.0 ssc 26.7 26.5
T Ssr 21.2 20.0 ssc 21.4 19.8

Notes: Columns 1 and 2, from the holotype specimen, obtained by combining electron- and ion-probe results. Column 3 reports ion-probe analyses of
the sample form Cura di Vetralla. The refined site-scatterings (ssr, epfu) at the cation sites are compared to those calculated form the unit formulae (ssc).
(1) Analysis after Della Ventura et al. (1993); unit formulae calculated on the basis of 9 O pfu.

(2, 3) This work; oxides weight percent recalculated on the basis of seven cations pfu. The accuracy of the ion-probe results is better than 10% rel.
for B and REE and 10-15% rel for Th.
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FIGURE 2.Projections along [001] of the crystal structure of peprossé)él'l{e layer of tetrahedra and the inter-layer M2 cations. Dashed
lines: projection of the real unit-cell; full lines: projection of the triple cell witk a v3 anda » a' = ~3C°. (b) The layer of pyramids. The
centric disordered arrangement of atoms at M1 (dark gray), O1 (gray) and O3 (white) sites when Al (1/3 occupancy at 13 aocbPancy
at O3) randomly distribute over all the available positions in space §®&uopnm The O1 sites (i.e., the apical O atoms of the tetrahedra) are
fully occupied. €) The layer of pyramids. The centric ordered arrangement of fully occupied M1, O1, and O3 sites. In this projection of the
triple cell (full lines), ALO groups fill the hexagonal prismatic cavities around the triad axes at 1/3 2/3 and 2/3 1/3. The third cavity around the
triad axis at 0 0 is empty. Within this model, the shortest Al-Al distances are 2.82 and 3.11 A. Dotted and dashed liaedtardiative triple-
cells translated by a. The origin of the triple cells always coincides with the origin of the true unit-deThe layer of pyramids. The acentric
ordered arrangement of the same sites in the triple cell (spaceRfFan). Within this model, the shortest Al-Al distances are 2.47 and 3.11 A.
Alternative triple cells are as in c.

of the pyramid surrounding M1 in peprossiite. The base is pag-hydroxylation of muscovite when the dehydroxylation pro-
allel to [001], and its edges are 2.34 and 2.66 A (respectivatgss is not complete [cf. Guggenheim et al. (1987) and
parallel and perpendicular to [001]). The O3 site at the vertilazzuccato et al. (1999) for structural and kinetic models of
of the pyramid is on the &xis, and is shared by three pyramidthis process]. Therefore the geometry of the coordinatiGiibf
(Fig. 1). The layer of octahedra of micas thus becomes a lajredioctahedral dehydroxylated micas is necessarily different from
of pyramids in peprossiite. that observed in peprossiite, i.e., a distorted trigonal dipyramid;
Few minerals contain Al in fivefold coordination; the besat nearly equal <Al-O> distances (1.835 vs. 1.834 A), the Al-Or
known is andalusite, in which the O atoms are arranged at tlistance in dehydroxylated paragonite is 1.672 A (P. Comodi,
vertices of a nearly trigonal dipyramid. The presence of Al jpersonal communication) to be compared with Al-O3 equal to
fivefold coordination has been reported by Udawaga et al (1924793 A in peprossiite-(Ce). Moreover, the ordering of th®Al
in a muscovite dehydroxylated after annealing in air; it wasusters peculiar of peprossiite (discussed below) implies a more
recently confirmed in paragonite dehydroxylated in the sarsemplex pattern of rings of Al-centered polyhedra. The Or atom
way at 600°C (P. Comodi, personal communication; Comodn dehydroxylated micas is shared by two Al atoms, whereas the
and Zanazzi 2000). The dehydroxylation process can be @3 atom in peprossiite is shared by three Al atoms. As a conse-
cally described as the substitution of two OH groups related gyence, in peprossiite six-membered rings of polyhedra linked
the center of symmetry by one O atom at the center of symni@ugh O1 are surrounded by four-membered rings of polyhedra
try (Or). In fully dehydroxylated dioctahedral micas, howevelinked through O3 (Fig. 2c).
the layer maintains the pattern and the dimensions of the six-Another difference between the crystal structure of
membered rings of Al-centered polyhedra, in which 1/3 of theeprossiite and that of dioctahedral micas involves the distri-
connections is by corner-sharing, and not by edge-sharing. Thigion of the vacant sites in the layer of pyramids. In
conservation of the fundamental structure arrangement allogiectahedral micas, the Al-filled sites are crystallographically
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distinct from the vacant site; in peprossiite, the vacant siteAtAl distances or overbonding on the O1 sites. To avoid it,
apparently distributed randomly over one out of three (or overany of the AJO groups should be substituted by@lor per-

two out of six inP6/mmmn) equivalent M1 sites (Fig. 2b). How- haps AIO groups; however, this situation would produce a de-
ever, the partial occupancy of the O3 site (the vertex of the Mdease of the Al occupancy with respect to that observed for
pyramid), which is equal to that of the M1 site, also suggeste O3 sites, and also a diffuse local charge unbalance. The
that in peprossiite the vacant sites are ordered. hypothesis of a disorder within the layer of pyramids should

A model for Al ordering within the layer is obtained by debe therefore discarded.
scribing the peprossiite structure with a triple hexagonal cell The absence of reflections attributable to a triple cell can
with @ =a Vv 3 anda” a' = 3C¢° (Fig. 2c). If we take into ac- also be explained by the stacking of equal layers, each ordered
count the centric symmetry?6/mmn) of this layer as shown in terms of the above model, but with the center (O3) of the
by the structure refinement, the six partly vacant M1 sites (wifi ;O vacant sites randomly shifted on one of the three avail-
coordinates 0.39 0 1/2) become three sets of six sites (wathle positions (0 0 1/2, 1/3 2/3 1/2, and 2/3 1/3 1/2) of the
coordinates 2x 1/2) in the triple cell. The partial (1/3) occu-triple cell that derive from the unique O3 site in the smaller
pancy of the M1 sites in the smaller unit-cell can be explainedit-cell (Fig. 2c, cells defined by full, dashed, and dotted lines
in terms of the triple cell by complete ordering of the Al atomespectively). These three equally ordered arrangements of at-
in one out of these three sets of sites. Actually, two of thesms are related by translations along vectaerand-arespec-
have M1-M1 distances (1.02 A and 1.8 A, respectively) thtively, wherea is parallel to the edge of the single unit-cell.
are too short to allow for simultaneous occupancy locally. Orhe stacking of ordered layer of pyramids randomly translated
the contrary, the shortest M1-M1 distances in the third set (wdlkcording tota or -a may remove any trace of the triple cell in
coordinates 0.40 0.20 1/2) are 2.82 A (between cations in pytlae observed diffraction pattern.
mids sharing the O1-O1 edge) and 3.11 A (between cations inThe above model for the disorder in the peprossiite struc-
pyramids sharing the O3 vertex), which are comparable witlre could hold also if the symmetry of the ordered layers were
the analogous distances observed in micas (2.95-3.00 A) deentric. Figure 2d shows the acentric arrangement of six Al
cations occurring in edge-sharing octahedra. The unique @&®ms in the triple cell compatible with the results of the struc-
site in the smaller cell (with coordinates 0 0 1/2), splits intmire refinement. As for the centric layer, three identical acen-
two sets of sites in the triple cell, which have multiplicity 1 anttic arrangements of atoms can be obtainetl Ayranslations
2, respectively (and coordinates 0 0 1/2 for the first and 1/3d#/the origin of the triple cell (Fig. 2d, cells defined by full,

3 1/2 plus 2/3 1/3 1/2 for the second set). The two O3 sitesdafshed, and dotted lines, respectively). The random stacking
the second set are exactly the vertices of the pyramids forneédhese three acentric arrangements would again produce the
around the six sites which are suitable for Al incorporation; tlebdserved 2/3 occupancies for the M1 and O3 sites in the disor-
observed 2/3 occupancy in the smaller unit-cell can thereforedmred structure. However, the observed centric symmetry of
explained by these two O3 sites being fully occupied (Fig. 2ahe layer could be obtained only if the atoms were arranged in

Within this model, the layer of pyramids in peprossiite woulsites centro-symmetrical to those given in Figure 2d in half (or
be formally obtained by inserting an,®l group into two of the in nearly half) the stacked layers. If the number of these “enan-
three hexagonal prismatic cavities, which are formed around ti@morphic layers” were not equal, a differing partition of the
triad axes of the triple cell by the O1 apical O atoms from twal atoms between centro-symmetrical M1 sites would have
adjacent layers of tetrahedra (Fig. 2c¢). The third prismatic cdaeen observed during the structure refinements. On the con-
ity must be vacant to avoid both too short Al-Al distances inary, both crystals show identical Al occupancies for the pairs
adjacent hexagonal cavities and severe overbonding on theddtentro-symmetrical M1 sites. Thus, the presence of a cen-
sites. The 2/3 occupancy for M1 and O3 sites oPth2munit-  tric symmetry between the atoms of each layer is a more con-
cell is thus the maximum occupancy allowed by the structurezincing explanation of the structural results than the stacking

Thus the difference between the crystal chemistry of micasan equal number of acentric layers in two centro-symmetric
and that of peprossiite originates from the constraint of equatangements. Furthermore the presence of a shorter M1-M1
M1 and O3 occupancies. In micas, the vacancy occurs onlydistance (2.47 A instead of 2.82 A) for cations in pyramids
the sites available for the Al cations, and it does not concesiaring the O1-O1 edge makes the acentric arrangement of
the O atoms not linked to tetrahedra (i.e., the hydroxyl groupBjgure 2d even less likely.

In peprossiite, all the sites (O included) of a potentigDAl Table 7 shows a bond-valence analysis for prerossiite cal-
group must be simultaneously vacant. culated with 2/3 occupancy of the M1 and O3 sites.

To test the reliability of the proposed model, an accurate The limited distribution of O2 atoms between centro-sym-
search for further X-ray reflections due to the presence of thietric sites, which has been observed during the refinement of
triple cell was performed with a rotating-anode generator worttie crystal structure of Pepl (0.92(2) vs. 0.08), implies that
ing at 5 kW, but none were found. This experimental evidenseme disorder can also affect the stacking of the layers of tet-
could be obviously explained by a random arrangement of ttahedra. The refined occupancies suggest that in 8% of these
vacancies in M1 and O3 sites within each layer of pyramidayers, randomly distributed in the crystal structure, the O of
According to the observed 2/3 occupancy for both M1 and Qg tetrahedral sheet occupy positions that are the centro-sym-
this disorder would require random insertion of@\lgroups metrical equivalents of the corresponding sites in the majority
into 2/3 of the O1 hexagonal prismatic cavities of the layeof the layers. Only the O2 atoms show this disorder, because
this is almost impossible without locally producing either shottie O1 atoms (and the T cations) fall on the triad axes and are
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thus invariant for the two enantiomorphic orientations of thean only be attained when tetravalent cations substitute for triva-
layer. Therefore, these two orientations are simply related bieat [e.g., Si for B and/or (U, Th) for REE]. The former crystal-
~+30° rotation around the triad axis of all the tetrahedra.  chemical mechanism is active in crystal Pep1 from the holotype
Whereas the disorder involving the layers of pyramids specimen, whereas the latter mechanism is active in crystal
apparently an intrinsic feature of the crystal structure &fep2. Withx fixed at 2/3 and no divalent cations in the for-
peprossiite, the disorder in the stacking of the layers of tetraula, charge balance is attained by incorporation of one tet-
hedra seems to be a peculiarity of only some specimens (e@valent atom per each triple cell, i.e., either 1/12 Si pereach T
Pepl); no evidence of this disorder has in fact been detectedita or 1/3 (Th, U) per each M2 site. The incorporation of some
crystal Pep2. The presence of 1/3, 2/3 occupancies in trigo@al at the M2 site is also possible, and is balanced by that of
or hexagonal space-groups might suggest the presence of tinther amounts of tetravalent cations.
ning. The only twin law compatible with experimental evidence The results reported in this paper thus permit us to propose
is 1/3 2/3 0 and 2/3 1/3 0 translation in the triple cell. Howevehe new unit formula for peprossiite: [REE, (Th,U) Ca]
only twin domains of few unit cells alormwould be consis- (Al;0),4(B4,Si,) Oy with x—y+z=1/3 ¢ = 1).
tent with the absence of triple-cell reflections in peprossiite.
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