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CRYSTAL CHEMISTRY
OF LATIUMITE

RiAssuNTO. — Sono stati presi in esame campioni di latiumite provenienti da tre localita
(Pitigliano, Campagnano e Baccano). Di questi vengono riportati i parametri ottici, le analisi
chimiche, le costanti della cella elementare e lo spettro di polvere tipico dei tre campioni studiati,
insieme ai dati di letteratura relativi a latiumite e tuscanite.

Sulla base delle analisi chimiche e di considerazioni strutturali viene estesa alla latiumite
l'interpretazione cristallochimica gid proposta dagli autori per la tuscanite; in particolare, accanto
alle vicarianze Ca-Na e ALSi, vengono introdotte la sostituzione K-H:O e la sostituzione dello
ione SO~ con un anione carbonato (con I'ulteriore introduzione di uno ione OH- o di una
molecola H:O a completare la geometria tetraedrica), ovvero con un raggruppamento tetrae-
drico (O.H.)*.

Tutto questo pud essere riassunto nella seguente formula:

(K, H:O){Ca, Na)(Si, Al)O=[(SO.), COs(OH, H.0), O.H.]:
formula che permette di razionalizzare la cristallochimica dei diversi campioni di minerali del-
I'intero gruppo latiumite-tuscanite.
ABsTRACT. — Optical, crystallographic and chemical data for samples of latiumite from

three localities are reported and compared with the known data for latiumite from Albano and
for tuscanite.

All the chemical data can be rationalized on the basis of the following crystal chemical
formula:

(K, H:O)(Ca, Na)o(Si, Al)O=[(SO.), COs(OH, H:0), O.H.].

The extent of isomorphic substitutions is discussed and defined, on the basis of the
analytical data and structural considerations.

Introduction

Latiumite is an aluminosilicate discovered by Trrey and Henry (1953) in the
ejected blocks in the « peperino » tuff of the Albano hills. A second finding was
made by Barsierr and Fornaseri (1970) in Pitigliano (Tuscany, Italy). CaNNILLO,
Da. Necro and Rosst (1973) determined the crystal structure of latiumite and
classified it as a sheet silicate, characterized by the presence of double layers of (Al Si)
tetrahedra. Recently Orcanor, Leoni, Mecuint and Meruino (1977) found in Piti-
gliano a new mineral phase, tuscanite, closely related to latiumite.

The crystal structure analysis by MeLLint, MerLino and Rossr (1977) showed its
main features to be double layers of aluminum and silicon tetrahedra, made up by
single layers similar to those present in latiumite, but connected according to a
different scheme. Unequivocal distinction between latiumite and tuscanite is possible
only on the basis of single crystal X-ray diffraction spectra.
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Aim of this work is to give chemical, crystallographic and physical data on
new findings of latiumite and to compare them with the carlier ones.

TasLe 1 Occurrence and paragenesis
X-ray diffraction patiern of Latiumite
All the samples examined come from
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diffraction pattern of our samples be-
cause, as quoted by Orranor et al. (1977) in their study on tuscanite, much misleading
data are present in the literature. Our results are summarized in the pattern of
table 1, which is typical of all the studied specimens. Our observations confirmed
the finding of Orranor et al. (1977) about discrepancies in the pattern given by
Treey and Hesry (1953). The lattice parameters, obtained by single crystal
photographs and refined by least squares fitting of the powder data, are reported
in table 2, together with the corresponding values for latiumite from Albano (TrLLEY
and Henry, 1953) and tuscanite (Orcanor et al., 1977).

TaBLE 2

Unit cell parameters of Latiumites and Tuscanite

Latiumite Latiumite Latiumite Latiumite Tuscanite

(Baccano) (Campagnano) (Picigliano) (Albano) (Pitigliano)
(Tilley and Henty,1953) (Orlandi et al.,1977)

a 12.064(2) 12.040(9) 12.036(4) 12.12 24.036(14)

b 5.107(2) 5.105(5) 5.106(3) 5.13 5.110(3)

¢ 10.882(3) 10.874(16) 10.925(9) 10.80 10.888(8)

B 107.08°(3) 106.98%(7) 107.08%(4) 108° 106.95°(3)
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Optical properties

Optical examination showed monoclinic symmetry with elongation cor-
responding to the & axis, which is the v axis of the indicatrix. The optical axial

plane is thus perpendicular to (010).
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Fig. 1. — Optical axial angle and extinction
angle relationship in latiumites and tuscanite.
TasLe 3

Optical properties of Latiumites
and Tuscanite
Latiumite

Latiumite Latiumite

(Baccano) (Campagnane) (Pitigliane)

a 1.589 1.586 1.582

B 1.596 1.594 1.587

¥ 1.602 1.601 1.592

(y a) 0.013 0.015 0.010

LaLiumi:éa) Laliumitc(b) Tuacanite(C}

(Pitigliane) (Albanao) (Pitigliano)

a 1.582 1.600 1.581

B 1.5%0 1.606 1.5%0

. 1.591 1.614 1.591

ty a) 0.009 0.014 0.010

(a) Barsiert e Forvasert (1970);
(b) TrLey and Henry (1953);
(c) Orranpr et al. (1977).

Latiumite is often twinned on (100),

‘which is also a cleavage plane. The

extinction angle ¢/\a on (010) is variable
and as suggested by Trey and Henry
(1953) is related to the 2V value; this
relationship is described by fig. 1, which
reports the data from Triey and Henry
(1953), Bareier: and Forwaser: (1970),
Orvranpr et al. (1977) together with our
new data.

Refractive indices were determined
by the double variation method utilizing
bromoform and aniline as liquids.
Results are reported in table 3 together
with the literature data for latiumite
and tuscanite.

The examination of fig. 1 and table
3 rises some doubts as to whether the
latiumite from Pitigliano studied by
Barsiert and Fornaser: (1970) was really
latiumite or rather tuscanite; however
the question cannot be conclusively
answered without a single crystal study.

Chemical composition

The chemical analysis was carried
out by atomic absorption spectrophoto-
metry for Na:O, MgO and SrO. CO:
and H2O were determined by micro-
determination of C and H by use of a

Carlo Erba elemental microanalyzer 1104 instrument, with gas-chromatographic
separation of CO: and H:20. SOz and Cl were determined by X-ray fluorescence
spectrometry, using samples of latiumite added with known amounts of sulphur
and chlorine as reference standard. On the basis of the known quantities
of the other elements, K:O, CaO, SiOs, Al:Os; and Fe:Os were determined
according to the X-ray fluorescence method developed by Franzint and Lront (1972)



534 L. LEONI, M. MELLINI, S§. MERLINO, P. ORLANDI

TasLe 4
Chemical analyses of Latiumites and Tuscanites

Latiumite Latiumite Latlumite (Tilley aad Henry,1%53) Tuscanite (Orlandi ez al., 1977)
(Baccano) (Campagnano) (Albano) (Fivigliano)
(a) by

5102 30.48 5.72 31.25 5.80 28.3) A.93 26.99 4.93 Ihobh B.DM
AlaDy 19.39 4.8 19.21 4.20 24,67 5.07 23.50 5.07 16,95 3.66
NI:D 1.39 0.51 1.18 0.42 1.11 0.37 1.06 ©0.37 1.45 D.51
Izﬂ 5.5 1.73 4.85 1.15 7.20 1.60 6.86 1.60 3.79 0D.88
Ca0 27.068 5.386 28.21 5.61 19.41 5.49 8.0 5.49 26.786 5.2%
Mgo 0.49 0.14 0.46 0.12 0.76 0.20 0.72 0.20 0.40 0.11
Mn0 n.d = B.d - 0.02 0.01 0.02 0.01 - =
Sro n.d - 0.40 0.04 - - - - 0.38 0.04
Fe,0, 0.27 0.04 0.33 0.05 0.50 0.07 0.48 0.07 0.76 0.10
Fed nod — n.d - 0.5% o0.08 0.52 o0.08 a.d
€l 0.08 0.03 0.08 ©0.03 0.14 0.04 0.13 0.04 0.0 -
SIJ’ 7.54 1.08 9.3z 1.30 S5.42 ©.71 5.16 ©0.71 10.04 1.38
coz 3.03 1.29 1.65 D.42 1.60 o0.38 2.67 0.87 .10 0.53
uzn 2,07 1.29 .06 1.83 0.27 0.16 2.80 1.71 2.61 1.60
o 22,19 22.82 23.24 22.95 2149
Dlobl.} 2.83 2.83 2.93 2.93 .83
(eaten) haid 2.90 .12 2.84 2.11

Total Fe content determined as FesOys; (a): Calculated on the basis of Si+Al=10 from the original
data; (b): Calculated on the basis of Si+Al=10 from the original data modified by new analysis of
CO¢ and HsO. For explanation see section on chemical composition.

and modified by Leox1 and Sarrta (1973), assuming that the sum of the weight
percentages was 100. Table 4 reports the chemical and density data for latiumite.
Unfortunately, among the four known findings of latiumite we can compare only
three chemical analyses, since for latiumite from Pitigliano Barsierr and Fornasert
(1970) did not yield analytical data because of the small quantity of material
available. On the other hand we did have a sufficient amount of latiumite from
Pitigliano to make a chemical analysis but we have serious doubts about the purity
of the analysed material: in fact the powder pattern showed the presence of franzinite,
a new mineral phase found in Pitigliano by MerLino and Orvanpr (1977). Moreover
its density, determined on relatively large fragments, appeared anomalously low
(d =258 g ecm™). Although we did not report the analytical data for latiumite
from Pitigliano we give its optical properties (table 3) that were measured on a very
little fragment, previously tested by X-ray single crystal diffraction techniques.

Table 4 gives the atomic ratios of latiumite from Campagnano, latiumite from
Baccano and tuscanite from Pitigliano (Orvanoi et al., 1977), calculated on the basis
of 10 (Si+ Al) atoms, as indicated by the structure analysis of latiumite (CannTLLO
et al,, 1973) and tuscanite (MeLuing et al,, 1977).

For tuscanite we report the content of half a cell. The atomic ratios of latiumite
4rom Albano (Tiiey and Hewnry, 1953) were recalculated on the basis of 10
(Si+ Al) atoms (column a of table 4). Furthermore, on a sample of latiumite from
Albano, provided by Barererr and Fornaseri, a new chemical analysis for CO2 and
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H>O was made. The data reported in column & of table 4 are computed assuming
our data as correct (267 wt% for CO: and 2.8 wt% for H2O) and recalculating
the other percentages, so that the sum of all the weight percentages is 100.

Crystal chemical considerations

Tirey and Henry (1953) supposed that latiumite was a solid solution series
and CanniLro et al. (1973) gave the limits for Si-Al substitutions on the basis of
crystalchemical considerations. These authors pointed out that a complete substi-
tution of Al by Si would unbalance the valence bond sum for some oxygen atoms;
on the other hand an amount of Al greater than six atoms per unit cell would
imply the replacement of Ca by some trivalent cation or of K by Ba. It should be
observed that LoewensteiN’s rule (1954) (AlOs tetrahedra avoid being linked
together) should indicate a still lower aluminum content. In fact both crystal
structure determinations of latiumite and tuscanite indicate that two of the five
independent tetrahedral sites in the silicon-aluminum layer, namely T(2) and T (5),
are completely occupied by aluminum atoms; now if the Loewenstein’s avoidance
rule should be strictly observed T (1), T(3) and T (4) tetrahedra should be completely
occupied by silicon atoms, as each of them shares vertices with T(2) or T(5)
tetrahedra. As a consequence the aluminum content should correspond to four
aluminum atoms for every ten cations in the silicon-aluminum layer. This cor-
responds fairly well with the chemical data for latiumite from Baccano and Campi-
gnano (428 and 4.20 aluminum atoms respectively) as well as for tuscanite (3.66
aluminum atoms). However chemical and structural data indicate that the
Loewenstein’s rule is not strictly observed in latiumite from Albano for which an
aluminum content corresponding to five aluminum atoms (table 4) and an equal
occupancy by silicon and aluminum atoms in the tetrahedral site T(3) (CanNILLO
et al,, 1973) were found.

The data given in table 4 show a strong correlation between aluminum and
potassium contents, whereas sodium and calcium contents are most constant in
tuscanite and latiumites from various sources, thus clearly indicating that the
increasing substitution of silicon by aluminum is not balanced by calcium for sodium
substitution, but by an increasing substitution of potassium cations for water
molecules.

Table 4 indicates also that the water content is always larger than that cor-
responding to K-H20 replacement; moreover the oxygen excess over 22.0 atoms
in the unit cell (or in half a cell for tuscanite) suggests the presence of hydroxyl
anions. With regard to the location of hydroxyl anions or water molecules it seems
useful to recall the suggestions of Oruanpr et al. (1977) and MeLLint et al. (1977),
who, in their studies on tuscanite, on the basis of chemical and structural data,
proposed the following substitutions: «) in the CO3-SOs replacement a planar
carbonate group takes its place near the position corresponding to a face of the



536 L. LEONI, M. MELLINI, S. MERLINO, P. ORLANDI

tetrahedral sulphate group whereas an hydroxyl anion, or a water molecule, locates
itself near the position corresponding to the fourth vertex of the sulphate tetrahedron;
b) the tetrahedral grouping OsH: of four hydroxyl anions may substitute for a
sulphate group.

The results of our chemical analyses on latiumite from Baccano and Campagnano
are fairly consistent with such suggestions so that the following general formula
can be assumed:

(K, Hz0)2 (Ca, Na)s (Si, Al)10O22 [ SO4, CO3 (OH, Ho0), O4H s

Therefore the crystalchemical formulas for latiumites from Campagnano and
Baccano respectively may be written:

[ K1.55r0.04(H20)0.81 Jtot. —2.00(Cas.e1Nao.2Mgo.12Fes %5 ot = 6.20
(Sis.s0Als.20)t0t. =10,00022{ (SO4)1.30[ (COs)o.42(OH)o.16(H20)o0.26] (OsHs)o.36 }rot. 2.0
[ Ki.sa(H20)o.67 ] tot.= 2.00(Cas.s6Nao.siMgo.raFey o, Jtot. = 6.25

(Sis.72Als.28)t0t. = 10.00022{ (SO4h.06[ (COu)1.20(OH)o.38 (H20)0.43 [Jo.4s] }rot. — 2.35

In the last formula the vacancies were introduced because the sum of the
hydroxyl anions and water molecules is less than the number of carbonate groups
and we would rather conform to the general formula given above. However, as
the sum of carbonate groups and sulphate groups is well over 2.00, which is the
upper limit imposed by structural considerations, the chemical formula for latiumite
from Baccano indicates an excess of carbonate groups rather than a lack of hydroxyl
anions or water molecules.

With regard to the latiumite from Albano the chemical data given by Triey
and Henry (1953) do not agree well with our crystalchemical formula, However,
as we said previously, we made a new analysis for CO2 and H:20. The cell content
recalculated by taking into account these new data corresponds to the following
satisfactory formula:

[K1.60(H20)0.40 ] tot. —2.00(Cas.46Nao.a7Mgo.20Mno.o1 FegsFet; Jot. — .22
(Sis.03Als.07)tot. = 10.00022{ (SOs)o.71[ (COs)o.67(OH)o.67] (OsHs)o.41 }tot. = 1.79

where (O4Hs) indicates a tetrahedral grouping of three hydroxyl anions and one
water molecule, To complete the comparison we report the formula obtained for
tuscanite (Orranor et al, 1977):

[Ko.ssSr0.04 (H20)1.08 Jtot. — 2.00(Cas.2sNao.siMgo.1Feg®  Jot. — 5.07
(Sie.34Als.66)t0t.  10.00022{ (SO4)1.38[ (COs)o.55 (OH)o.55] (OsHa)o.11 }rot. = 2.04

On the basis of the proposed substitutions and the corresponding crystalchemical
formula, the chemical compositions of latiumites from various sources as well as of
tuscanite can therefore be reasonably well accounted for.
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