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Stoppaniite, (Fe,Al,Mg)4(Be6Si12036)*(Hzo)z(Na,D)
a new mineral of the beryl group from Latium (Italy)
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Abstract: This paper relates the finding of stoppaniite, a new mineral of the beryl group, at Capranica,
Vico volcanic complex, Latium, Italy. Stoppaniite occurs inside the miarolitic cavities of a volcanic ejec-
tum, as very rare, transparent, light-blue, hexagonal-prismatic cuhedral crystals, up to 0.5 mm in length.
It is optically uniaxial (-), and shows a weak pleochroism from colourless to very light blue. The refrac-
tion indices are: € = 1.619(3) and w = 1.625(3); the density is: Dy, = 2.79(3) g/cm3 Dy = 2.811 g/em3.
Stoppaniite is hexagonal, s.g. P6/mcc, with a(A) = 9.397(1), ¢(A) = 9.202(2). Strongest X-ray powder
diffraction lines (Gandolfi camera) are (d in A, intensities visually estimated): 3.278 (vS), 8.12 (S), 2.903
(S), 4.00 (m), 2.553 (mw), 1.752 (mw).

The empirical crystal-chemical formula is:

(Fe3*; 70Mgg 6aAlg.42Mng 06 Tig 025¢0 02)(Bes 885111 .60)O36 * 2ZHoO(Natg 94K, 02Cs0.02)
compatible with the simplified formula:
(Fe3+)3(Mg,FeZ*)Na(Be6Si12036)*2]'{20, or 1deally Fe3+4Be6Si12036.
A rational classification of beryl group minerals based on the octahedral occupancy is proposed.

Key-words: new mineral, stoppaniite, beryl group, Vico volcanic District, Italy.

Introduction hypocrystalline rocks of syenitic composition,
consisting mostly of sanidine, and locally known

The volcanic ejecta, scattered at random in the  as “sanidinites” (Della Ventura er al., 1992). This

pyroclastic formations widespread throughout the
Roman Comagmatic Region of central Italy, are an
unexhausted source of rare or new minerals. Most
of them occur in the vugs of holocrystalline to

paper relates the occurrence of a new mineral
belonging to the beryl group from one of these
rocks. The ejectum was collected in the Vico
Volcanic District, north of Rome, at Capranica
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(Viterbo). The name stoppaniite is in honour of Dr.
Francesco Saverio Stoppani (born in 1947), a dis-
tinguished mineral amateur active in the volcanic
regions of Latium. Both name and species have
been approved by the Commission for new miner-
als and mineral names of LM.A. (April 1996). The
type and cotypes materials are deposited at Museo
di Mineralogia, Universita di Roma “ La
Sapienza ” number MMUR-29900/1 and in the
mineralogical collection of the Museum National
d’Histoire Naturelle of Paris (catalog no. 198.14).
Note that the species fully described here is the
same for which Ferraris et al. (1998) recently gave
structural details.

Occurrence

The ejectum where stoppaniite was found was
collected by one of us (Paolo Rossi) inside an
explosive breccia belonging to the so called “C”
pyroclastic flow unit (Locardi, 1965). Stoppaniite
occurs inside the miarolitic cavities of the ejectum
as very rare transparent, light-blue, hexagonal
prismatic euhedral crystals, up to 0.5 mm in length
(Fig. 1). Other minerals typically associated in the
vugs where stoppaniite occurs are: biotite, quartz,
sanidine, hematite, danburite, helvite, hellandite,
allanite-(Ce) and a not yet completely character-
ized gadolinite-like mineral.

Physical properties

Stoppaniite has a white streak and a vitreous
lustre. It shows the usual {001} basal parting of
the beryl-group minerals. The density was mea-
sured by immersion in Clerici solution at 25°C;
the density of the liquid was then determined with
a micropicnometer. It is Dy, = 2.79(3) g/cm?3. This
value is in good agreement with the density calcu-
lated from the chemical formula (see later), D, =
2.811 g/em3. Stoppaniite is optically uniaxial (-),
and shows a weak pleochroism from colourless to
very light blue. The refraction indices, measured
with A = 589 nm light, are: € = 1.619(3) and @ =
1.625(3). The compatibility index (Gladstone-
Dale), calculated according to Mandarino (1981),
is 0.05, indicating a good agreement between the
physical and chemical properties.

X-ray crystallography

Single-crystal XRD refinement (Ferraris ef al.,

Fig. 1. Euhedral crystal of stoppaniite in the vug of the
ejectum. Field-width ~ 2 mm.

1998) confirms that stoppaniite has the P6/mcc
space-group symmetry of beryl (Gibbs er al.,
1968) and bazzite, the Sc-analogue of beryl
(Peyronel, 1956; Armbruster ez al., 1995). The X-
ray powder-pattern of stoppaniite (Table 1),
obtained with a Gandolfi camera (114.7 mm

Table 1. X-ray powder diffraction data for stoppaniite.

TIobs Icalc dmeas  dcalc hkl
S 65 8.12 8.14 010
w 10 4.60 4.60 002
m 38 4.00 4.00 012
vS 100 3.278 3.287 <122
VW 7 3.043 3.048 022
S 64 2.903 2.917 -131
VW 10 2.702 2.713 030
mw 18 2.553 2.557 -132
w 9 2304 2.301 004
VVW 5 2.178 2.192 -141
2172 -133
vVW 6 2.023 2.026 -142
vVW 8 2.000 2.003 024
VW 8 1.812 1.818 -143
w 16 1.766 1.776 -150
mw 18 1.752 1.754 034
VVW 5 1.735 1.744 -151
w 17 1.642 1.644 244
w 10 1.535 1.537 -153
w 16 1.459 1.459 262
1.458 -126
vw 12 1.296 1.303 270
1.301 062

Intensities visually estimated: S = strong; m =
medium, w = weak; v = very.
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radius, CuKo, Ni-filtered radiation), was indexed
on the basis of single-crystal XRD intensities. Cell
dimensions were refined using the Appleman &
Evans (1973) least-squares program. They are
given in Table 2 and compared with the data of
other beryl-group minerals from the literature.

Chemistry

The grain used for single-crystal X-ray data
collection was embedded in epoxy resin and ana-
lyzed at the CAMPARIS, University of Paris VI
(Pierre et Marie Curie), on a CAMECA SX50
microprobe, in the WD mode with operating volt-
age 15 kV and beam current 10 nA. Natural min-
erals were used as standards, except MnTiO; (for
Mn, Ti) and metallic Sc (Sc). Data were correct-
ed according to Pouchou & Pichoir (1984).
Analytical conditions for Be were: synthetic BeO
as standard (BeO has the same BeKa peak form
as silicates in order to eliminate possible chemi-
cal effects like peak shift); Mo/B,C (2d = 200 A)
as monochromator; 10 kV and 100 nA beam cur-
rent; counting time: 20 s on peak (BeKo) and 20
s on background. The peak/background intensity
ratio was = 2.5. Possible interferences between
BeKo and SiL;y; peaks was verified both on the
BeO standard and on the stoppaniite sample. In

Table 2. Cell parameters of stoppaniite and related min-
erals.

a(A) o(A) V(A% cla
1 9.346(3) 9.213(6) 697.0 0.986
2 9.397(1) 9.202(2) 703.7 0.979
3 9.254(1) 9.195(1) 681.9 0.994
4 9.292(1) 9.193(1) 687.4 0.989
5 9.30 9.20 689.1 0.989
6 9.212(4) 9.187(6) 675.2 0.997
7 9.56 9.16 725.0 0.958

1) Stoppaniite, this work, powder pattern.

2) Stoppaniite, Ferraris ef al.(1998), single-crystal.

3) Blue bery! from Ariege (Fontan & Fransolet, 1982).
4) Blue beryl from Ireland (Sanders & Doff, 1991).

5) "Femag beryl" (Schaller et al., 1962).

6) Synthetic Al-beryl (Gibbs et al., 1968).

7) Synthetic Sc-beryl (Frondel & Ito, 1968)

Fig. 2. Back-scattered-electron image of the analysed
grain.

order to eliminate them, choice of the back-
ground was made, after a profile peak study, at -
7000 and +19000 steps (1 step = 25.10-5 Bragg
sine angle).

A backscattered SEM image (Fig. 2) of the
analyzed grain shows two well-defined zones,
with different bulk average atomic numbers. 19
point-analyses were done on each part. The micro-
chemical analyses show that the sample consists
of a Fe-rich “core” (S part, “stoppaniite”) and a
(Fe,Al)-rich “rim” (B part, “beryl™). Table 3 gives
the average data for both the S and B portions of
the grain. The S/(S+B) bulk mass-ratio, according
to the XRD structural refinement (Ferraris ef al.,
1998) is estimated to be = 0.75. The empirical for-
mulae, also given in Table 3, were calculated
assuming 36 oxygens in the anhydrous part of the
structure. Note that Ferraris er al. (1998) give a
different calculation basis (22 M + T cations) for
the stoppaniite formula to account for the probable
presence of OH in the structure. However, both
their and our calculation procedures give very
similar results. The major chemical differences
between parts B and S (Table 3) are in the Al,O;
vs FeO,,; and in the BeO contents. The total alkali
contents are constant around 1 apfu, and Na is for
both parts the dominant occupant of the channel
site(s).

In calculating the crystal-chemical formulae,
all iron was converted into Fe3+. With this proce-
dure, the cation sums at the octahedral sites are
close but slightly less than the ideal value 4, sug-
gesting that most, if not all, iron is in fact in the
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Table 3. Chemical analyses and crystal-chemical formulae for S and B parts of the stoppaniite crystal.

S range B range

SiO, 59.13  58.31-59.77 6160  0.86-62.22
Al Oy 1.80 1.45- 2.16 799  6.36- 9.09
Fe,O5 18.36  17.50-19.30 8.51 6.93-10.56
S¢,05 0.08  0.05- 0.09 0.04  0.01- 0.06
TiO, 0.1 0.05- 0.18 0.52  0.25- 0.94
MgO 221 2.04- 2.40 276  2.38- 3.02
MnO 0.41 0.28- 0.50 0.14  0.04- 0.19
SnO, 0.03  0.00- 0.06 0.07  0.01- 025
Na,0 247 2.04-2.70 250 224- 268
K,O 0.08  0.04- 0.13 0.03  0.01- 0.04
Cs,0 019  0.14- 0.26 034  024- 048
BeO 14.59 12.81-15.88 13.16 11.60-14.56
H,0 (2.98) (3.08)
Tot 102.44 100.74

Formulae based on 36 O WM.
Si 11.60 11.92 11.72
Be 0.88 0.12 0.58
T 12.48 12.04 12.30
Be 6.00 6.00 6.00
Al 0.42 1.82 0.98
Fe™ 2.70 1.24 2.12
Mg 0.64 0.80 0.70
Mn 0.06 0.02 0.04
Ti 0.02 0.08 0.04
Sc 0.02 0.00 0.02
20ct 3.86 3.96 3.90
Na 094 0.94 0.94
Cs 0.02 0.02 0.02
K 0.02 0.00 0.02
ZCh 0.98 0.96 0.98

W.M. = weighted mean according to Ferraris et al. (1998).

trivalent state, in agreement with the work of
Duchi et al. (1993) which shows that iron occurs
as Fe3* in Fe-rich beryls from Alpi Apuane
(Italy).

The B part of the grain has Al apfu > Fe3+ apfu
(Table 3). However, almost all point-analyses in
part B show Al apfu to be less than 2.0, thus part
B has a composition different from the one of a
“normal” beryl (Fig. 3), which should, in princi-
ple, have Al apfu > 2.0 in the octahedral site. Part
B is indeed an extreme case of what has been
called “femag-beryl” (Schaller ef al., 1962), i.e. a
beryl with extensive Mg-Fe substitution at the Al
site. The S part has Fe3+ >> Al apfu and represents
what we describe here as stoppaniite.

Regarding the composition of the tetrahedral
sites, part S systematically shows the presence of
significant amounts of Be at the T” tetrahedral site
(= 0.45 apfu). All microprobe data of part B show
a Be content very close to the ideal value of 6 apfu
and a Si content very close to the ideal value of 12
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Fig. 3. Relationship between the Al content versus octa-
hedral substitutions at the Al-site. S = stoppantite (19
points); B = beryl (19 points). Filled dots: beryl data
from the literature (source: Bakakin et al., 1970 and
Aurisicehio et al., 1988).



Stoppaniite a new beryl 125

apfu, whereas all analyses of part S show Be apfu
significantly higher than 6 and Si lower than 12.
When discussing the data for Be in terms of beryl
crystal-chemistry, analytical uncertanties must be
taken into account. However this difference can-
not be assigned to systematic errors in the analysis
of two fragments of the same crystal, and suggests
that significant amounts of Be do indeed substitute
for Si into the T” site of stoppaniite. The presence
of Be at T” is also confirmed by single-crystal
XRD (Ferraris et al., 1998).

The microRaman spectrum of stoppaniite
(Parodi et al., 1996) shows that there is a fairly
similar amount of H,O in both the B and S zones
of the crystal. The spectrum consist in a well-
defined doublet centered at 3595-3588 cm-! and is
similar to all other Raman spectra measured on
water-bearing beryls (Hagemann er al., 1990;
Charoy er al., 1996). This doublet is assigned, in
analogy with IR spectra, to type II water
molecules.

Cell parameters

The complex crystal-chemistry of beryls was
re-evaluated by Aurisicchio er al. (1988) on the
basis of well-characterized chemical and structural
data on samples with different compositions and
from different sources. It is well known (Bakakin
et al., 1966) that all natural beryls belong to two
solid-solution series: (i) octahedral-substituted
beryls and (ii) tetrahedral-substituted beryls. Both
series are characterized by well-defined ranges of
c/a values. In particular, the a cell-edge is very
sensitive to octahedral substitutions, while the ¢
cell-edge is very sensitive to tetrahedral substitu-
tions (Bakakin er al., 1966; Aurisicchio et al.,
1988).

Fig. 4(a) shows the relationships between the ¢
parameter and the mean radius at the octahedral
site for stoppaniite, plotted next to several synthet-
ic and natural beryls from the literature. It is
apparent that the a parameter of the beryl structure
is a linear function of the aggregate size of the
octahedral cation. Synthetic bazzite (Table 2;
Fig. 4a) has the a edge 0.35 A longer than syn-
thetic Al-beryl, and this value is close to the dif-
ference in ionic diameter between Sc and Al (0.42
A, from Shannon, 1976). All data for octahedrally
substituted beryls from the literature show a well
defined linear relationship between a and <r,.>
(Fig. 4a). Such an ideal behaviour for the a param-
eter is also evident for stoppaniite. Note that the
<r,.> for stoppanite used in Fig. 4 has been calcu-

lated on the basis of the crystal chemical formula
of Table 3, with all Fe as Fe3+. The almost perfect
correspondance between a and <r,> calculated
for stoppanite supports our inference that most if
not all Fe is indeed trivalent. The same kind of
linear trend is also observed for the cell volume
(Fig. 4b).

Nomenclature of the beryl groups

The discovery of the natural Fe3+-beryl related
here suggests that, in the beryl structure, the octa-
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Fig. 4. Plot of (a) the a cell edge and (b) the unit-cell
volume for stoppaniite and other synthetic and natural
beryl-type minerals from the literature as a function of
<r,¢>. Data from Schaller et al. (1962), Frondel & Ito
(1968), Gibbs et al. (1968), Bakakin et al. (1970),
Fontan & Fransolet (1982), Aurisicchio et al. (1988),
Juve & Bergstal (1990), Sanders & Doff (1991). Filled
dots: beryls; filled square: stoppaniite; filled diamonds:
bazzites).
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hedral site can be extensively occupied by differ-
ent trivalent cations. Substitutions at the tetrahe-
dral site are limited (Aurisicchio er al., 1988),
while the channels sites can be randomly occupied
by alkali cations + water molecules (x OH and
CO,), when needed to balance the overall charge
neutrality of the structure.

For these reasons the beryl-group minerals
should be classified according to the octahedral
site occupancy. The data available in the literature
and those reported here allow us to propose a clas-
sification diagram (Fig. 5) where all beryls can be
grouped into three regions having Al (beryl), Sc
(bazzite) and Fe3+ (stoppaniite), respectively, as
their dominant octahedral cation. Note how the
ternary solubility among the three end-members is
limited within the triangle: there is some solubili-
ty along the Al - Fe3*+ and Sc - Fe3+ binary joins,
while there seems to be no Al-Sc exchange in the
structure, as already suggested by Hénni (1980).

Stoppaniite
(Fe™)

Beryl Bazzite
(ap 8o
Fig. 5. Ternary classification diagram for natural beryl-
group minerals. S and B are the different parts of the
studied crystal. Triangles: beryls; diamonds: bazzites;

data source as in Fig. 4.

Moreover, although beryl minerals have been
extensively studied and a great number of chemi-
cal data is available in the literature, no ternary
compositions have been reported so far. According
to Fig. 5, almost all natural beryl-group minerals
belong to the “normal”, Al-rich, beryl type, where-
as both bazzite and stoppaniite have to be consid-
ered as very rare minerals.
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