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Aesrnecr

Hainite occurs in evolved alkaline rocks (nepheline syenites and tinguaites) of the Pogos de Caldas massif, Minas Gerais,
Brazil It forms pale brownish yellow anhedral, elongate or tabular crystals. The crystals display a perfect { 100J cleavage,
indistinct and irregular {010} and [001 ] cleavages, and twinning on { 100} that may be eitber simple or lamellar. Its streak is pale
yellow. Hainite is generally poikilitic (except inside the vugs), enclosing alkali feldspar, nepheline and other minerals. Optically,
themineral isbiaxia l (+) ,wi thcr I .662( l ) ,B1663( l ) ,  11.675(1),2v2@bs.)30to45",2V,(calc)32.4".Dispersionr<vcrossed,
very strong. Its pleochroic scheme is: X colorless, Ycolorless to pale yellow, and Z golden yellow. The mineral is triclinic, space
grolp Pl, a 9.584(2), b 7 .267(2), c 5.708(1) A, ct 89.85(2), 9 101.22(2), t 101.03(1f , V 382.50 Ar, Z= 1. The calculated density
is 3.170 g/cm3. The strongest seven lines ofthe observed X-ray powder-diffraction pattern ldin A(l)(hkl)l are 3.081(100X300),
2.970(43)(021),2.635(11)(202),l.9}4tl})t421),2.312(9)Gm),2.496(8X301) and 3 .966(7)(201).The empirical formulae, derived
from results of electron-microprobe analyses, are in good agreement with the structural formula [Na2Ca[Ti(OH)2(Si2O7)2]]
{Ca3(CasTMns lFes 1Ce6 1)}F2. The simplified formula is Na2Ca5Ti(Si2O7)z(OH)zFz.

Keywords: hainite, silicate, crystal structure, optical properties, chemical composition, Pogos de Caldas, Minas Gerais, Brazil.

Souuernn,

On trouve la harnite dans les roches alcalines 6volu6es, par exemple, sy6nites n6ph6liniques et tinguailes, du complexe alcalin
de Pogos de Caldas, Minas Gerais, Br6sil. Elle se pr6sente en cristaux x6nomorphes jaune brunAtre pdle, allong6s ou tabulaires.
Ils font preuve d'un clivage {100} parfait, de clivages {010} et {001} indistincts et irr6guliers, et de macles sur {1001, soit
simples ou lamellaires. La rayure est jaune pdle. La harnite est poecilitique, en g6n&a1 (sauf of elle se trouve dans des cavit6s),
renfermant le feldspath alcalin, la n6ph6line, et auffes min6raux. Il s'agit d'un min6ral biaxe (+), avec s 1 662(l), B 1.663(1), f
1.6'75(l),2% (obs.) 30 d 45", 2V,(calc.) 32.4".La dispersion r < v est crois6e, et intense. Elle est pl6ochroiQue: X incolor_e, I
incoloredjaunepAle,  etZjaunedor6.Lahaini teest t r ic l in ique,groupespat ia l  PL,a9.584(2), i l .ZAlQ),c 5.708( l tA,a
89.85(2), P 101.22(2), "y 101.03(l)', y 382.50 43, Z = l.! .a densit6 calcul6e est 3 170 g/cm3. Les sept raies les plus intenses du
spectre de diffraction (m6thode des poudres) Id en L(l)(hkl)l sont: 3.081(100X300), 2.970(43)(021),2.635(ll)(202),
1.904(10)(421),2.312(9)(302),2.496(8)(301) et3966(7)(201). La formule empirique, d6riv6e des r6sultats d'analyses d la
microsonde 6lectronique, concorde bien avec la formule [NazCa[Ti(OH)z(Si2O7)2] ] {Ca3(Cao zMno tFeo rCee 1)}F2. La formule

simplifi6e serait Na2Ca5Ti(Si2O7)2(OH)2F2.

(Traduit par la R6daction)

Mots-cl4si haihite, silicate, structure cristalline, propri6t6s optiques, composition chimique, Pogos de Caldas, Minas Gerais,
B16sil.

I E-mail address: datencio@uso br
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INtnooucrroN

Hainite was originally described by Blumrich
(1893); it was discovered in cavities and groundmass of
phonolites and tinguaites from HradiSte (formerly
"Hoher Hain"), near Fridlant (Friedland), northern Bo-
hemia, Czech Republic, and was named on the basis of
incomplete optical and qualitative chemical data. Com-
plete chemical analysis and X-ray powder-diffraction
data were only recently published by Johan & eech
(1989). A second occurrence of hainite has now been
established in the alkaline massif of Pogos de Caldas,
Minas Gerais and Sdo Paulo states, Brazil. In terms of
chemical composition and X-ray-diffraction data, the
hainite from Pogos de Caldas is very similar to that from
the Czech Republic. Morphological and optical data for
hainite from Pogos de Caldas also are presented. These
data agree very well with those obtained by Guimardes
(1948) for "giannettite" from Pogos de Caldas. Appar-
ently, Guimardes did not have access to the paper by
Blumrich (1893). The original description of "gian-
nettite" is so poor that the species and name have not
been considered valid. In addition, as hainite has his-
torical priority (Blumrich 1893) over "giannettite"
(Guimardes 1948), the mineral is more properly to be
called hainite. Unfortunately, the name "giannettite" has
appeared in the literature since then, as in the structure
description by Rastsvetaeva et al. (1995). Although a
formal discreditation of "giannettite" is not possible
because the type specimen of "giannettite" cannot be
located, the authors are convinced that "giannettite" is
equal to hainite.

OccunnsNce

Hainite occurs in evolved alkaline rocks, in particu-
lar nepheline syenites and tinguaites, of the Pogos de
Caldas massif (Fig. 1). The following listing of acces-

sory, vug- and fracture-filling minerals, mostly identi-
fied by optical means, has been cited as occurring in the
Pogos de Caldas massif:  eudialyte, cataplei i te,
lamprophyllite, rinkite, neptunite, manganoan pectolite,
kupletskite, livenite, normandite, rosenbuschite,
narsarsukite, tainiolite, the problematic "mosandrite",
"giannettite", "rinkolite" and "pennaite" (not yet fully
described in the literature), wadeite, aenigmatite,
astrophyllite, fersmanite, elpidite, gaidonnayite,
hilairite, burbankite, calcite, fluorite, natrolite, analcime,
pyrite, galena, manganoan ilmenite, strontianite,
ankerite, kutnohorite, ancyl i te-(Ce), chamosite,
berthierine-lM and lorenzenite. Complete mineralogi-
cal data are lacking for these minerals. For background
information on the geology and mineralogy of the Pogos
de Caldas area, see Schorscher & Shea (1992) and
Ulbrich & Ulbrich (1992\.

The hainite crystals described here were collected
from vugs in the subvolcanic phonolite (tinguaite)
mined at Bortolan quarry (sample 5), and also from the
matrix of the tinguaite at Pedreira da Prefeitura ("City
Hall Quarry") (sample 6).

The abundance ofhainite in the rocks ranges from 0
to 5Vo. As the crystals are generally poikilitic, their
shapes adapt to the available spaces. The dimensions of
the crystals reach a maximum of 0.5 mm in the fine-
grained rocks and 2.5 mm in the coarse-grained rocks.
Inside the wgs, extremely rare tabular crystals of hainite
reach up to 2 mm in length and 0.3 mm in width. Hainite
also occurs intimately associated with manganoan
pectolite in elongate (up to 3 cm in length and 1 mm in
width) crystals in vugs (Fig. 2).

Hainite is late magmatic where it poikilitically en-
closes alkali feldspar, nepheline and other minerals, and
clearly postmagmatic in cases where it occurs in vugs.

The wg-filling crystals of hainite are associated with
unidentified minerals. Mineral UPCI (= unidentified
from Pogos de Caldas #1), displaying rectangular con-

MINAS GERAIS

Ftc. 1. Location map of Pogos de Caldas, Minas Gerais, Brazil
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Frc.2. AandB.Poikilitichainite,associatedwithnepheline,alkalifeldsparandaegirine
in tinguaite from Pedreira da Prefeitura, Poqos de Caldas. A. Plane-polarized light. B

The same view under cross-polarized light. Hainite shows a yellow interference-color'
In the top center, a twinned crystal can be seen. C. Sections of larger euhedral tabular
crystals of hainite near a vug in tinguaite from Pedreira Bortolan, PoEos de Caldas;
plane-polarized light. D. Euhedral tabular crystal of hainite (yellow) inside the vug of

C, associated with natrolite, analcime, and alkali feldspar. E. Elongate crystals ofhainite
(yellow) intimately associated with manganoan pectolite, inside a vug in tinguaite from
Pedreira Bortolan, Pogos de Caldas, with natrolite, alkali feldspar, aegirine, and
nepheline F. Detail ofFigure 2E.
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tours and maximum dimensions of 8 X 0.2 pm, devel-
ops along fracture surfaces of hainite crystals. Energy-
dispersion analyses indicate a Sr, Ce, Ca, La and Na
silicate-phosphate, with F and Cl. A second unidenti-
fied mineral (UPC2) grew around the same grain of
hainite. It is anhedral, about l0 x l0 p.m in area, and is
a Ba, Na, Nb, Ti and Ca silicate. In another sample,
hainite is associated with manganoan pectolite, a min-
eral similar to tuperssuatsiaite and a third unidentified
mineral (UPC3). The latter is a Ti, Na, Mn, Fe, Ca, K
and Al silicate with rectangular contours and maximum
dimensions of 120 x 15 pm. It is difficult to evaluate
the extent of interference by the matrix hainite in the
resulting chemical data.

Hesn ANo Pgvstcel- Pnoppnrres

Hainite occurs as pale brownish yellow anhedral,
elongate or tabular crystals. Its streak is pale yellow. The

{010) ,  {012} ,  {250} ,  {111} ,  t320}  and {120}  fo rms
were identified by Guimardes (1948), who also quoted
a perfect { 100} cleavage, indistinct and inegular {010 }
and {001} cleavages, and twinning on {100}, which
may be either simple or lamellar. Hainite from the rock
matrix is generally poikilitic. Hainite from vugs, here
described for the first time, is inclusion-free, but may
show an intimate association with unidentified miner-
als UPCI, UPC2 and UPC3, and with manganoan
pectolite, or else it may appear idiomorphic and isolated
in the cavity. Microcline, aegirine and natrolite also are
present inside the vugs.

The calculated density is 3.170 g/cmr (vug crystals,
sample 5), close to 3.148 g/cmr given by Blumrich
(1893) for hainite.

Crystal forms, optical orientation, 2V and dispersion
of the optic axes were determined in thin sections with

the help of a universal stage. Indices of refraction were
measured by immersion of grains in liquids calibrated
with the Abb6 refractometer. Table I compares the re-
sults obtained by Guimardes (1948) with those found in
the present work. Note that the data in columns I and 2
of Table 1 are almost identical.  The so-cal led
"giannettite" of Guimardes (1948) is certainly the same
mineral described here. The optical properties are
clearly different from those attributed to hainite in the
standard texts (Winchell 1964,Troger 1969).

Figure 3 illustrates the optical orientation and the
three-dimensional shapes of crystals as deduced from a
combination of different sections seen under the micro-
scope. Extinction angles measured on the universal stage

TABLE I OPTICALPROPERTIES FORIIAINITE

FROM POCOS DE CALDAS, MINAS GERAIS, BRAZIL
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Section r to c

TABLE 2 CHEMICAL COMPOSTfiON OF HAINTTE
ELECTRON-MICROPROBE DATA (WAVELENGTII-DISPERSION MODE)

Frc. 3. Optical orientation for hainite.

are imprecise owing to strong dispersion, and only
average numbers are given.

Owing to the poor quality and paucity of the crys-
tals, no observations could be made about terminal
faces, twin laws, the indexing of faces and cleavage
planes, and about hardness and density.

Csnrrarcnr Dera

The chemical data obtained by Guimaries (1948) are
considered inaccurate. He made a spectrographic study
of a few grains and showed the presence of Si, Ti, Zr,
Mn, Fe, Ca, and Na, with traces of Ta and absence of
rare-earth elements. Since the mineral could not be sepa-
rated, chemical analyses were performed on material
dissolved from two rock samples.

Electron-microprobe data for hainite (wavelength-
dispersion mode) are presented in Table 2. The chemi-
cal analyses were done at Instituto de Geoci6ncias of
the Universidade de 56o Paulo using a JEOL JXA-8600
electron-microprobe and a Noran system for automa-
tion and data reduction. Careful wavelength scans were
conducted under a variety of beam conditions to deter-
mine the trace elements present and background posi-
tioning. Quantitative point analyses were made with a
defocused (20 pm) beam. The crystals were first
analyzed, for F, Na, Si, Ti, and Ca under an excitation
voltage of 15 kV and a beam current of 20 nA in order
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to reduce the effects of Na and F loss. A second run for
Si, Ti, Ca and the remaining elements was performed at
20 kV and 50 nA. Peaks were counted for 10 s for F,
Na, Si, Ti and Ca, and 100 s for the remaining elements
or a maximum 2o counts of lvo and 5Vo, respectively.
Matrix corrections were made with the PROZA pro-
gram, as provided by Tracor. Standards and elements
lines were as follows: synthetic diopside (SiKcr, CaKcr
and MgKct), rutile (TiKct), Amelia albite (NaKcr),
magnesian manganoan fayalite (FeKot, MnKc), syn-
thetic anorthite (AlKct), fluorite (FKcr), synthetic
strontian anorthite (Srla), synthetic oxidesforZrln and
ThMa, metallic Nb for Nblct, and the standard REE
glasses of Drake & Weill (1972) forLaLct, Celct, PrZB,
NdLB and Yla. The H2O content could not be deter-
mined owing to insufficient amount of pure material. It
was therefore calculated on the basis of 2(OH) per
formula unit, from the results of the crystal-structure
analysis.

The empirical formulae derived from columns 5
and 6 in Table 2 [based on 18 (O +OH + F)] are, respec-
tively,

{(Na1 asCas 2e):r os Ca[(Tio rqZr6.laMs 65Ale s1);s ee
(OH)2 (Sil saTio oooT)zl ) {Ca3(Ca6.57Mno roCeo os
Fes 63Srs 06lao s5Nd6 s2Ys slPrg.orMgo or)>r ool Fz

and

{(Nar ooCao.o:)>r o: Ca[(TiozzZre 17Nbss6Alss1)>,1 01
(OH)2 (Sir e5Tie s5O7)21 ) { Ca3(Ca6 54Ces r:Feo os
Mn6 67La6 e5 Sre o+Ndo o+Yo o:Pro orMgo or):, r oo ) Fz,

in good agreement with the structural formula (Rast-
svetaeva et al. 1995), {Na2Ca[Ti(O,OH)2(Si2O?)2]]
{Ca:(CaorMno lFes 1Ce6 1)}F2. Inthe given formula, the
(O,OH)2 must have a charge of 2- to achieve neutrality.
Therefore, it is more likely to be (OH)2. The simplifred
formula is Na2CasTi(S izOt) z (OH) zF z.

The compositions shown in columns I to 4, quoted
from the literature, are also in agreement with the struc-
tural formula, except for the higher F content, possibly
due to analytical problems or marked chemical differ-
ences in the mineral specimens studied.

Cnvsrer.locnAprry AND Cnvsrer Srnucrunr

The mineral is triclinic, space group Pl. X-ray pow-
der-diffraction data for hainite from Pogos de Caldas
(sample 5) were obtained by means of graphite-
monochromatized CuKct radiation and a Siemens
D5000 diffractometer. The results are compared with
the calculated pattern and with the observed data for
hainite from Czech Republic in Table 3.

The parameters of the triclinic unit-cell were refined
on an Enraf-Nonius CAD-4F djffractometer (mono-
chromatized MoKa, )r = 0.71073 A) (Table 4).T1te a:b:c
relation for the unit-cell parameters is 1.3188:1:0.7855.

TABI,E3 X-RAY TIONDATAFORIIAINITE
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Table 2; obswed values: this papq; calculated valuesi Rfftsvetrya et al. 1995)

Calculations using the Gladstone-Dale relationship
were performed using the chemical data, the calculated
density and the recorded indices ofrefraction of the vug
crystals (sample 5). From these calculations, the com-
patibility index is 0.037, indicating, according to
Mandarino (197 9), excellent compatibility.

The atomic arrangement in hainite (Rastsvetaeva e/
al. 1995) corresponds basically to the structure models
of gtitzenite (Cannillo et al. 1972), rosenbuschite
(Shibayeva & Belov 1962), ink:tte (Rastsvetaeva e/ a/.
1991) and seidozerite (Simonov & Belov 1960). The
main specific feature of all these structures is the (100)
"walls" of polyhedra linked by the "ribbons" of octahe-
dra parallel to [010], and by [Si2O7] groups. Figure 4 is
a schematic attempt to discrirninate between these struc-

TABLE 4 UNTT-CELLPARAMETERS FORI{AINITE
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r  Ti  ON" ON",c.
OCa O Ca- nEe
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ftc. 4. Schematic view of the arrangement of cations in the
"walls" (left) and in the "ribbons" (right) of: a) hainite,
b) gaitzenite, c) rinkite, d) rosenbuschite, and e) seidozerite
(Rastsvetaeva et al. L995, modified ftom Cannillo et al.
r9'72).

tures primarily on the basis of different types of cation
ordering. Thus, the "walls" of hainite contain com-
pletely ordered Ca- and Na-atoms in two crystallo-
graphically independent octahedra (space group Pl.r,
whereas in gcitzenite, Na(Ca1 2Nas s) CaaTi(SizOz)z
(F,OH,O)4, according to Cannillo et al. (1972),they are
randomly distributed in two symmetrically related oc-
tahedra (space group P1).

In summary, gdtzenite is characterized by one atom
of Na, and hainite, by two atoms of Na for 18 (O,OH,F),
which leads to ordering and, consequently, to the struc-
ture transformation from centrosymmetric space-group
Pl (gtitzenite) to acentric Pl (hainite).
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