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The Mineralogical Implication of Barium and Strontium Silicates
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Abstract Nagashimalite (Ba,(V**, Ti),[(O, OH),|Cl|SisB,0.;]. orthorhombic, Pmnin)
suzukiite (Ba,Vit[0,|Si,0,,], orthorhombic, Amam), orthoericssonite*, a barian
roscoelite, kinoshitalite, cymrite, celsian, slawsonite*, banalsite*, and stronalsite
(SrNa,[Al,Si,0,4], orthorhombic, Ibam) were discovered in metamorphosed bedded
manganese ore deposits and metamorphosed xenoliths in ultrabasic rocks in Japan
after the author’s field and laboratory works with the predictions for the geneses of
barium and strontium silicate minerals. Among them, those with the chemical formula
etc. are new minerals and those asterisked are new finds in Japan.

In order to interprete the mineral parageneses, the crystal structures of barium
and strontium silicate minerals were scrutinized, leading to recognition of two major
substitutional types. One includes so-called “quasi-layer silicate™ structure and the
framework structure, enabling the barium-strontium substitution. The other does
framework structure excluding the substitution. The former has the coordination
number around barium atoms to be 7 to 10 and the mean Ba-O, OH, H.O distance
to be under 2.87 A, whereas the latter does the coordination number 10 to 13 and the
distance over 2.94 A.

The characteristics of barium-strontium substitution account well for the mineral
parageneses, that is, 1) suzukiite-nagashimalite, 2) banalsite-cymrite-celsian, and 3)
slawsonite-celsian-cymrite, where strontium substitutes barium preferentially in the
first-named minerals in 1) and 2) groups and no mutual substitutions seen in all of 3)
group minerals. The third case indicates the incompleteness of slawsonite-paracelsian
solid solution despite their isomorphic relation.

The associated elements with barium and strontium in their silicate minerals were
predicted. They are Ti, Fe, Mn, and CI from the structural characteristics and Mn,
B, V, Na, and REE from the chemical viewpoint in the geneses. Practically, an order
of such elements as Ti, Na, Al, Fe, Ca, B, Mn, REE, CI, V, P, Mg, K, Nb, Li, Be, F,
Zn, Pb, Zr and Sn given by the order of frequency of appearance per mineral species
corresponds to the surmised one.

Consequently, the prediction realized two major genetic groups of barium and
strontium silicate minerals, i. e., 1) later stage products of deep-seated alkalic magma
or their metamorphic equivalents, and 2) constitutents of metamorphosed bedded
manganese ores.
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Foreword

One of the most important sources of barium and strontium silicate minerals in
Japan is bedded manganese ore deposits which occur in sedimentary or metamorphic
rocks and the author has mineralogically investigated. The importance has now been
clearly evidenced through the discoveries of some new and rare minerals including
barium and strontium, such as nagashimalite, suzukiite, kinoshitalite, orthoericssonite
and banalsite. Also the author has been favoured by the find of slawsonite and stro-
nalsite near Kochi City, Shikoku, where the occurrence of celsian and cymrite are also
realized.

Besides the author’s field works covering above minerals, he studied the crystal
structures of orthoericssonite and nagashimalite, reporting new findings of novel
structural units such as Fe**O; tetragonal pyramid and Si,B,O,; borosilicate in group
their structures.

The present paper describes the results of a comprehensive survey of (1) the crystal
structures of silicates containing barium and strontium as major constituent cations,
(2) elemental association in those structures, (3) the mode of occurrence of barium and
strontium silicate minerals. In particular, detailed descriptions have been made of
the mode of occurrence and paragenetic minerals of ten mineral species which include
orthoericssonite, nagashimalite, suzukiite, a barian roscoelite, kinoshitalite, cymrite,
celsian, slawsonite and stronalsite. Based on these results and descriptions, this paper
discusses the crystallochemical characteristics as well as genesis of this specific group
of silicate minerals.

I. Crystallochemical Characteristics of Barium and Strontium in
Silicate Minerals and the Elemental Association Therein

Sixty-three mineral species have been described to date in barium and strontium
silicate minerals (see Appendix). They include 2 nesosilicates, 14 sorosilicates, 21
cyclosilicates, 9 inosilicates, 8 phyllosilicates and 9 tectosilicates; the structures of
some of them are not clearly established.

1. Barium

The examples of nesosilicate minerals containing barium as their essential consti-
tuents are very few. Two confirmed examples are cappelenite and garrelsite in which
[SiO], tetrahedra are connected with [B,0,s] ring (SHEN & MOORE, 1984) and a complex
polyborate radical [B;O,.j (GHOSE et al., 1976), respectively. Therefore, these minerals
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Fig. 2a

Fig. 2. Projections of the nagashimalite structure, a: Along the ¢ axis, b: Stereographic drawing

veiwed along b.
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are silicoborates rather than silicates. The presence of barium partially replacing cal-
cium in uranophene is suggested by FRONDEL (1958), though not quantitatively deter-
mined. But, the natural occurrence of nesosilicate containing barium seems possible,
since Masse and DURIF (1973) synthesized Ba,Zr,(SiO,);, which is isomorphic with
langbeinite, K,Mg,(SO,),, or containing isolated SiO,. That compound corresponds
to a low SiO, derivative of bazirite, BaZrSi;O,, which has the same Ba/Zr ratio as
above compound.

Barium in sorosilicate minerals is not uncommon. All of them contain cations
with coordination number 4, 5 or 6 (other than silicon). In these silicates, a partial
substitution of strontium for barium is possible as seen in lamprophyllite group min-
erals, orthoericssonite and yoshimuraite (PENG & CHANG, 1965; MATSUBARA & NAGA-
SHIMA, 1975; WATANABE et al., 1961).

In the structure of orthoericssonite (MATSUBARA, 1980a) is a quasi-layer sheet
composed of Si,O, sorosilicate radicals and Fe**O; square pyramids and this sheet
alternates with the sheet of MnQO, octahedra. The site of barium atoms are definitely
favoured under a rather severe dimensional restriction, which exclusively prefers the
lodging of strontium only in place of barium (Fig. 1-a, b, ¢). Lamprophyllite and
yoshimuraite have the structures fundamentally similar to orthoericssonite, and the
sites for barium allow the vicarious entrance of strontium and potassium (WOODROW,
1964; TaktucHI & HAGA, 1971, 1978). In these respects they are crystallochemically
similar to such phyllosilicates as micas. The mode of linking of cation polyhedra
with Si,O; group makes it possible to classify quasi-layer silicates into three groups
composed of six subgroup (MATSUBARA, 1980a).

Cyclosilicate minerals of barium occupy important portion in the mineralogy
of barium silicates in number. It is worth mentioning that some of them contain
chlorine as essential constituents. Chlorine atom is located in a large open space
formed among the linkage of 4-, 8- and 12-membered silicate rings, implying its non-
vicarious nature to OH but occupation of a definite atomic site. Except for anandite,
all the known chlorine-bearing silicates belong to cyclosilicate. Among barium cyclo-
silicates, the members of taramellite series and tienshanite include essential boron. In
the former boron is tetrahedrally coordinated to form a borosilicate radical and in the
latter it is triangularly coordinated to form a separate unit out of silicate framework.
As a member of taramellite series, nagashimalite is structurally composed of Si,O,,
ring silicate groups, VO, octahedral chains, B,O; double tetrahedra groups and three
non-equivalent barium polyhedra (Fig. 2-a, b) (MATSUBARA, 1980b). The two Si,O,,
are connected by B,O; double tetrahedra and form a new type of borosilicate radical
Si;B.O.. (Fig. 3). Therefore, the framework of nagashimalite is more rigid than those
of quasi-layer silicates of barium and the dimensional restriction around the site of
barium is too severe to accomodate any cation other than barium. This situation
accounts for the absence of any vicarious cation for barium in the actual cases of the
taramellite series.

The examples of presence of barium in inosilicate minerals are rather few in single
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Fig. 3. The configration of [SigB.O.;] borosilicate group of tetrahedra projected down the ¢ axis,
borate tetrahedra being ruled.

or double chain silicates. In joesmithite, a part of lead is replaced by barium. Also,
there is a ribbon-like chain silicate framework in krauskopfite and synthetic barium
silicates (Ba,Si;O,s, Ba;Sis0,,, Ba,Si,0,) (KATSCHER & LIEBAU, 1969), which are not
known as a mineral to date.

Although barium is seen in some phyllosilicates with a mica type Si,O,, unit, there
are some peculiar sheets like Si,O,, in sanbornite and Ba,Si,,O;, in leucosphenite. It
is worth mentioning that there are no clay minerals including barium as essential con-
stituents. Many interpretations are possible. Most of original minerals serving as
parental phases to clay minerals are feldspars or feldspathoids in which minor barium
may be present. It so, the barium is to take a different behaviour from the essential
constituents in these minerals, i.e., calcium and potassium, all of which enter clay
minerals of common occurrence. Thus, barium is extracted from those minerals and
not fixed but removed away from the site of argillization, unless the products of argil-
lization comprise any phases capable of fixing barium, such as the alunite series of
mineral. There are peculiar phyllosilicates in which silicate framework includes no
unshared oxygen atom, that is, Al,Si,O, in cymrite (DRITS ef al., 1975). Although
the same framework is known in synthetic hexagonal BaAl,Si,O; (TAKEUCHI, 1958),
cymrite is the unique example of natural material with such an unusual phyllosilicate
unit.

In tectosilicate minerals, there are some barium silicates isotypic to known min-
erals; e.g., celsian to orthoclase and paracelsian to slawsonite. In the cancrinite series
of minerals, the unique member containing barium as essential cation is wenkite which
has a structure slightly different from those of the members of this series. That is,
there are two cationic sites with larger coordination number. In zeolite, there are two
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species with barium as their essential constituents: edingtonite and harmotome. Al-
though the former is placed as a member of natrolite group (STRUNZ, 1970) accord-
ing to the presence of compositionally same unit, Al,Si;O,,, the shape of framework
is different from that of natrolite and its relatives, all of which do not accept any ba-
rium, though there are some thomsonites containing considerable amounts of stronti-
um (EFIMOV et al., 1966). The geochemical behaviours of strontium and barium are
different under such a lower temperature and silica-poorer condition. Edingtonite is
generally found in the products of such a low silica circumstance as feldspathoids are
formed (GRICE & GAULT, 1981), except for one unusually calcium-rich or calcium-
dominant “edingtonite” from Podol’skoye deposit, southern Urals (ISMAGILOV, 1977),
where it is accompanied by quartz. While, harmotome has a structure and cell dimen-
sions similar to those of phillipsite and chabazite. The last named one can be readily
converted into the barium analogue through cation exchange (PASSAGLIA, 1978).

2. Strontium

The silicate minerals containing strontium as their essential constituents are not
common. Representative minerals: (sorosilicates) lamprophyllite, ortholamprophyl-
lite and strontio-chevkinite; (cyclosilicates) strontio-joaquinite and strontio-orthojo-
aquinite; (inosilicates) nordite, ohmilite and haradaite, and (tectosilicates) slawsonite,
stronalsite and brewsterite. A partial substitution of barium and/or calcium for
strontium in the silicates here discussed is recognized in barytolamprophyllite, ortho-
ericssonite, yoshimuraite, bario-orthojoaquinite, traskite and suzukiite.

Almost strontium atoms are 9-, 10- or 11-coordinated and sandwiched by quasi-
silicate sheets (TAKEUCHI & JOswiG, 1967) as seen in the lamprophyllite group min-
erals, orthoericssonite, yoshimuraite, haradaite and suzukiite. In the joaquinite group
minerals, 9-coordinated strontium and 11-coordinated barium are also sandwiched by
the sheets formed by four Si,O,, rings and TiO, octahedron (DowTy, 1975). The
structure of ohmilite involves three different strontium atoms possessing 9-, 8- and 8-
coordination, respectively (Mi1zoTa et al., 1973, 1983). The coordination polyhedra
for strontium capable of substituting for calcium in nordite and traskite are less dis-
torted, that is, slightly twisted cube (8-coordination) and trigonal prism (6-coordina-
tion), respectively (BAKAKIN ef al., 1970; MALINOVSKII ef al., 1976).

Strontium in phyllosilicates is not known except very small amount in cymrite.
The tectosilicates include three species with strontium as their essential constituents:
slawsonite, stronalsite and brewsterite. A part of strontium in slawsonite and brew-
sterite is capable of being substituted by calcium and barium. In zeolites, there are
some examples of strontium varieties for thomsonite, chabazite, heulandite and
laumontite. Especially, the first three species can include up to 6.58 wt. %, of SrO
(EFimov, 1966; WEIBEL, 1963; MILLER & GHENT, 1973; LUCCHETTI et al., 1982 etc.).

3. The characteristics of the Ba-Sr substitution and the coordination polyhedra of
Ba and their dependance on the observed mineral parageneses
The discussion of the crystal structures of barium and strontium silicate minerals
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