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HELLANDITE AND TADZHIKITE: INTRODUCTION

Hellandite is a borosilicate mineral, typically associated with
granitic rocks and granitic pegmatites. It was first found at
Kragerö, Norway, and was studied by Brögger (1903, 1907,
1922), who established its monoclinic symmetry and gave in-
complete chemical analyses. Oftedal (1964, 1965) proposed
the formula Ca3(Y,REE)4B4Si6O27◊3H2O for this sample and
gave the first X-ray powder-diffraction pattern. The structure
of hellandite was determined by Mellini and Merlino (1977)
and was shown to consist of [B4Si4O22] chains oriented parallel
to [001] and cross-linked into a framework by corner-sharing
M1 octahedra (Figs. 1a and 1b). This arrangement produces
tunnels extending along [001], which are filled by three dis-
tinct eightfold-coordinated sites (M2, M3, and M4) occupied
by Ca, Y, REE, and actinides (± vacancies, ■■ ). Mellini and
Merlino (1977) also reported a strong REE ordering of the type

M2 >> M4 > M3. The proposed structural formula, M2,3,4[Ca5.5

REE5.0■■ 1.5] M1(Al1.1Fe3+
0.9) (OH)4[Si8B8O40(OH)4], includes sig-

nificant vacancies at the (M2,3,4) sites and eight OH groups
per formula unit (pfu), calculated from the requirement for
electroneutrality.

Several new occurrences of hellandite were reported recently
(see Oberti et al. 1999 for a compilation), and the chemical
analyses of some of these samples show higher contents of OH
relative to the sample refined by Mellini and Merlino (1977).

Yefimov et al. (1970) described a new mineral, tadzhikite,
with an XRD pattern similar to that of hellandite, but with a
different chemical composition: TiO2 varying from 3.7 wt% in
type-I tadzhikite to 6.5 wt% in type-II tadzhikite, and (appar-
ently) no OH. Type-II tadzhikite was reported to be monoclinic
(a = 17.93, b = 4.71, c = 10.39 Å, b = 100.27∞) with the unit
formula Ca6(Ce,Nd,La,■■ )6 (Ti,Fe,Al)2 Si8B8O46; notably, 0.20
wt% BeO was found in sample II, but was not reported in sub-
sequent studies. Mellini and Merlino (1977) noticed that the
unit-cell parameters of tadzhikite could be transformed into* E-mail: oberti@crystal.unipv.it
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ABSTRACT

Detailed X-ray single-crystal structure refinements and complete (SIMS + EMPA) microprobe
chemical analyses of a series of non-metamict samples of hellandite recently found in Latium (Italy),
together with a critical re-evaluation of the existing data on hellandite, allow a better understanding
of the crystal-chemistry of the hellandite group. Relative to the crystal structure determined by Mellini
and Merlino (1977) for a Y-rich sample from Predazzo (Italy), a new tetrahedrally coordinated site
has been detected; this may be fully, or in part, occupied by Li and Be. These cations occur at the
center of the tetrahedral cavity where the H atom, which is bonded to the O5 O atom, protrudes; thus
the H content in hellandite is constrained to values £ 2 – (Li + Be + F).

A new general formula for hellandite-group minerals is proposed: X4Y2ZT2[B4Si4O22]W2, where
X = Na, Ca, Y, LREE3+ at the eightfold-coordinated M3 and M4 sites; Y = Ca, Y, HREE3+, Th4+, U4+

at the eightfold-coordinated M2 site; Z = Al, Mn3+, Fe3+, Ti4+ at the octahedral M1 site; T = ■■  (va-
cancy), Li, Be at the new tetrahedrally coordinated site; and W = OH, F, O2– at the O5 site. Eight root
end-member compositions were identified; four of these correspond to known compositions:
hellandite-(REE), tadzhikite-(REE), and two new minerals, mottanaite-(Ce) and ciprianiite, which
are described in a companion paper (Della Ventura et al. 2002). The root-name tadzhikite must be
used for samples with Ti4+ > 0.5 apfu, with no reference to the OH content.

Hellandite is an REE mineral. Rare-earth elements occur at two distinct sites (M2 and M4), with
a strong preference for M2 (particularly HREE). Thus, one or two Levinson modifiers can be added
to the root name to correctly describe the species. A sequence of incorporation based on crystal-
chemical arguments is provided and allows evaluation of the site populations for nomenclature pur-
poses.

This redefinition of the hellandite group and the new nomenclature rules have been approved by
the IMA Commission on New Minerals and Mineral names (code 00-F).


