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ABSTRACT: Mineralogical and gemmological properties of star garnets
from Ambatondrazaka, Madagascar, are given. All samples examined
are intermediate members of the almandine-spessartine series with an
appreciable pyrope component. Asterism is caused by a dense network
of rutile needles that are orientated parallel to the three-fold axes of the
cubic garnet hosts. In addition to the white four-rayed stars, reddish-
brown cat’s-eyes are present in two garnet cabochons. This additional
light band is caused by orientated sillimanite lamellae. The formation of
different four- and six-rayed stars in garnets is discussed.

Introduction

steriated garnets are known from
Alndia, Sri Lanka, and Tanzania, as

well as from Idaho and North
Carolina, U.S.A. Samples have been
described as almandine or intermediate
pyrope-almandine garnets (rhodolite), rarely
also as grossular or spessartine. Cabochons
with four-rayed stars (Figure 1a, b) are com-
monly observed, and garnets with both four-
and six-rayed stars (Figure 2a, b) have also
been mentioned (Rouse, 1986; Zeitner, 1986;
Rohrbach, 1986; Arem, 1987; Kammerling
and Koivula, 1990; Barot et al., 1995;
Kumaratilake, 1997, Hamer, 1998).
Extraordinarily large samples are known
from India (Figure 1b).

Asterism in garnets is caused by orientat-
ed needle-like inclusions, which are most
commonly designated as rutile or rutile silk.
The most frequently observed orientation of
these tiny needles is parallel to the edges of

the dodecahedron, i.e. parallel to the four
three-fold axes <111> of the cubic system.
With that particular orientation, twelve four-
rayed stars can be observed on samples cut
as complete spheres (Holland, 1896; Brauns,
1907; Goldschmidt and Brauns, 1911; Maier,

Figure 1a: Asteriated garnel cabochon from India,
revealing a white four-rayed star. It measures 24.2
x21.5 mm, and weighs 69 ct. Photograph by M.
Glas.
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Figure 1b: Asteriated garmet cabochon from
India, revealing a white four-rayed star. 1f meas-
ures 95 x 82 mm and weighs 1.147 kg (5737 ¢t).
Collection of the Precious Stones Museum,
Antwerp, Belgium; photograph by P. Entremont.

1943; Mellis, 1966; Strunz, 1968; Barot ef al.,
1995; Kumaratilake, 1998). Chatoyancy is
rarely mentioned in garnets. It is observed in
‘normal’ four-rayed star garnets which are
misorientated (Fryer et al, 1985) or in
samples that show a four-rayed star with
two arms of the star being extremely weak
(Fryer et al., 1988).

Asteriated garnets have been offered in
local markets in Madagascar since about
1997. The rough materials for these
cabochons or sometimes complete garnet
spheres originate from a place about 25 km
north-cast of the town of Ambatondrazaka
which is located south of Lake Alaotra,
about 160 km north-east of the capital
Antananarivo. The aim of this paper is to
present a mineralogical and gemmological
description of these garnets, including those
showing chatoyancy. These garnets from

Ambatondrazaka have been determined as
almandines with high spessartine compo-
nents and differ from another type of asteri-
ated garnet, a more (ransparent pyrope-
almandine from the Ilakaka mining area in

Figure 2a: Asleriated garnel cabochon from India,
revealing a white six-rayed star. It measures 27.1
x 21.0 mm, and weighs 132 ct; collection K.
Fischer, Starnberg. Photograph by M. Glas.

Figure 2b: Oval cabochon of almandine garnet
weighing 28.88 ct and showing a four-rayed and
a six-rayed star. Source: India. Photograph by
E.A. Jobbins.
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Figure 3: Normally observed habit of garnet crystals from Ambatondrazaka, Madagascar, showing

only the dodecahedron crystal form {110}:
a) Idealized drawing (clinographic projection)

b) Fragment of a crystal showing three dodecahedral {110 faces; striations parallel to the edges <111>
of the dodecahedron are also seen. Size of the sample is about 31 x 15 mm. Pholograph by M. Glas.

southern Madagascar (Schmetzer and
Bernhardt, 2002).

Geology of the occurrence

The region east and south-east of Lake
Alaotra is one of the numerous pegmatite
areas of Madagascar and is well known as a
source of cyclic twins of chrysoberyl
(Pezzotta, 1999). Rough garnet crystals up to
25 cm in diameter are recovered from one of
these pegmatites which also contains
K-feldspar, quartz, muscovite, and schorl
(Pezzotta, 2001). The work in the pegmatite
has been abandoned because of a landslide
that covered the pits of local miners.

Visual appearance of rough garnet
crystals and gemmological properties

The rough material available for the pres-
ent study consisted of about 50 irregular
fragments of garmet crystals measuring up to
8 ¢m in their longest dimension. In some
samples, faces of the dodecahedron {110}
were developed which show distinct stria-
tions parallel to <111>, i.e. parallel to the

edges of the dodecahedral faces (Figure 3).
Two crystals are strongly distorted with
trigonal habit and both are elongated along
one of the cubic three-fold axes (Figure 4).
The dominant faces are the trapezohedron
{211} in combination with the hexoctahedron
{431}. Smaller trisoctahedral [221] and
octahedral {111} faces are also present.

All samples are non-transparent and only
lightly translucent with a reddish to purplish-
brown colour. Refractive indices of the
samples are above the limit of normal gem-
mological refractometers. Specific gravities
of the samples lie in the range of 4.21 to 4.26.

Asterism and chatoyancy

For the present study, 40 cabochon-cut
garnets up to 50 ct in weight and 15 samples
cut as complete spheres were available.
Samples cut as cabochons revealed distinct
asterism forming sharp four-rayed white
stars (Figure 5). According to the orientation
of the surfaces of an individual cabochon, up
to three of these four-rayed stars may be
present (Figure 6). Garnet crystals cut as
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complete spheres (Figure 7a, b) showed 12
four-raved stars on their surfaces, the centres
of which were observed in a direction
parallel to the six cubic two-fold axes <110,
ie. in a view perpendicular to one of the
twelve dodecahedral {110} faces.

Figure 4: Trigonally distorted garnet crystal
from Ambatondrazaka, Madagascar:

a) ldealized drawing (clinographic projection) of
an undistorted cubic crystal showing the
trapezohedron (211} in combination with the
hexoctahedron {431} as dominant crystal
forms; subordinate faces are the trisoctahe-
dron (221} and the octahedron {111},

b) Idealized drawing (clinographic projection) of
a trigonally distorted crystal, the sample is
elongated parallel to one of the three-fold axes
<111> of the cubic garnet crystal (faces des-
ignated as in (a) above.

c) Photo of the trigonally distorted crystal
drawn in (b) above, rotated compared with
the idealized drawing.

Size of the sample is about 24 x 15 mm; photo-
graph by M. Glas.

One exceptionally large garnet sphere
(Figure 8a, b, c) measuring 67.8 mm in diame-
ter weighs 676 grams (3380 ct after recutting
and repolishing in Germany). This sphere
also revealed sharp four-rayed asterism in
directions parallel to all of the cubic two-fold
axes and is regarded as one of the largest
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Figure 5: Asteriated garnef cabochon from
Ambatondrazaka, J\flmfnqa«mr, revealing a white
four-rayed star. It measures 19.5 x 15.4 mm and
weighs 34 ct. Photograph by M. Glas.

Figure 6: Asteriated garnel cabochons from
Ambatondrazaka, Madagascar, revealing while
four-rayed stars. The hth bands of Hw Sfour-
rayed stars appear at different ung!c:, r:(wrdmg
to the orientation of the two-fold axis of the gar-
net in relation to base and dome of the cabochon.
The cabochon in the centre is cut with a base per-
pendicular to a three-fold axis and shows the
light bands of three four-rayed stars. Sizes of the
aﬁmp!eu are 19.5 x'15.4 mm to 11.1 x 8.9 mm,
and weights vary from 34 ct to 5 ct. Photograph
by M. Glas.

Figure 7: Garnet from Ambatondrazaka, Madagascar, cut as a complete  sphere:
a) In a view pam."h’f to one of the two-fold axes a four-rayed star is observed.
b) In a view parallel to one of the three-fold axes, the light bands of three fmu -rayed stars are observed.
The diameter of the sphere is 13.0 mm, weight 18 ct. Phafoq;aphk by M. Glas.
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asteriated garnet spheres known to date
(see e.g. Brauns, 1907; Sinkankas, 1959).

In addition to the commonly observed
asterism  of  the  material from
Ambatondrazaka, two of the garnet
cabochons weighing 32.74 and 19.76 ct show
a distinct reddish brown cat's-eye (Figure
9). The orientation of this additional light
band is oblique to the different light bands
forming the commonly observed white
four-rayed stars of these samples.

Chemical composition

Microprobe analyses of three samples are
given in Table I. These data represent average
concentrations measured in scans of 20 point

Figure 8: Garnet from Ambatondrazaka,
Madagascar, cut as a complete sphere:

a) In a view parallel to one of the two-
fold axes a four-rayed star is
observed.

b) In a view parallel to one of the three-
fold axes, the light bands of three
Sfour-rayed stars are observed.

¢) In a view inclined to one of the fwo-
fold axes a four-rayed star is
observed.

The diameter of the sphere is 67.8 mmn,
weight 676 grams (3380  ct).
Photographs by M. Glas.

analyses each across the plane bases of the
samples. In these scans, no distinct chemical
zoning was observed.

The garnets are members of the alman-
dine-spessartine series with almandine com-
ponents of 70-73 mol.% and high spessartine
components in the range of 18-21 mol.%.
Appreciable pyrope percentages between 7
and 9 mol.% were also determined, and a
small grossular component of 1-2 mol.% was
also present. Calculating the garnet composi-
tion for 12 oxygens and for both iron
valencies, iron in the trivalent state is always
present in small amounts (between 0.035 and
0.045 Fe* atoms per formula unit). These data
indicate a small component of about 1-2
mol.% of andradite in the garnet samples.
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Table 1: Composition of almandine-spessartine
garnets from Ambatondrazaka, Madagascar;
electron microprobe analyses.

Sample TS 3
(wtd)* '
MgO BIZ: 190 200
CaO 060 036 047
MnO 802 . 860 89
FeO** 3248 3250 3171
V,05 .O.OII.'._ - 0.01 0.02 F igure 9: Asteriated garnet cabochon from
e . | Ambatondrazaka, Mndagmmr mam!mq a while
Cr0; 002 001 0.01 four-rayed star and a reddish-brown cat's-eye. It
ALO, 2090° 2087 2093 - measures 19.2 x 17.2 mm, and weighs 33 ct.
2EieE S ' Photograph by M. Glas.
Si05 '.365{]'- - 36.28 36.32
TiO, 014 006 004 Microscopic properties observed in
Total 100. 34' 10059 100.46 thin sections and determination of
acicular inclusions
Cotiona bassdion 12 O ' Fm.' the vxgminaﬁon of needle-like inclu- - 19
- sions in the slightly translucent samples, and
Mg 0. 263:; 0231 0243 especially for the evaluation of the causes of
e 0052 0032 0041 astefrism em‘d ::hat.oya_ucfv, we prepared four
polished thin sections of rough fragments of
Mn 0551 = 0594 0.618 garnet crystals. These sections were not cut
o 2-2@2: - 2215 2161 para.llfel to specific fa‘lces‘or ai_:'curdmg to
o specific crystallographic orientations.
Vv 0.001 0.001  0.001 = =
Cr 0002 0001 0.001
Al 1997~ “2005 = 2.009
Si 2959 2957 2959

Ti 0.008 0004 0.003

Mol. % end-members.

Pyrope 8.57. 7.51 7.94

Grossular 169~ ~1.03 1.33 L

Spessartine 17.96 1934  20.18 Figure 10: Dense network of rutile needles in an
: e orientation parallel to two edges of the dodecahe-

Almandine 7178 - 7212 7055 dron. Thin section, widih of the sample

about (1.45 mm.

* Each composition reported is an average of 20 analyses.
** Total iron is given as FeO.
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Figure 11: Lamellar inclusions of birefringent

sillimanite  crystals  in  garnet  from
Ambatondrazaka, Madagascar. Thin section,
crossed polarizers, width of the sample about 1.75
mn. Photograph by O. Medenbach.

All samples showed a network of fine
needle-like inclusions (Figure 10). In one of
the four thin sections, the needles are some-
what thicker than in the other three and were
large enough to be analysed by electron
microprobe. Only titanium was found as a
major component of these needles, and this is
consistent with the results from micro
Raman spectroscopy, which indicated the
needles to be rutile.

In all four thin sections a variable concen-
tration of a second type of microscopic lamel-
lar inclusion was also observed (Figure 11).
These birefringent lamellae are orientated in
one direction which in every instance, dif-
fered from the orientation of the rutile nee-
dles. Occasionally, the lamellae are slightly
inclined or bent. In one of the four thin sec-
tions that revealed a relatively high concen-
tration of this second type of acicular inclu-
sion, several lamellae could be measured
quantitatively by electron microprobe. The
analyses gave the exact composition of
Al,Si0O5 with iron contents in the range of 1.5
to 1.7 wt.% Fe,03. Additional examination of
these lamellae by micro Raman spectroscopy
indicated that they are sillimanite.

Formation of asterism in garnets

In specific orientations of garnet hosts,
asteriated samples typically show six and/or
four-rayed stars formed by dense networks
of needle-like inclusions. In both cases the
stars are formed by bands of light which are
orientated perpendicular to the needle axes.
In the first case, a four-rayed star is observed
in each direction of view perpendicular to a
dodecahedral face. In the second case, a six-
rayed star is observed in each direction of
view perpendicular to an octahedral face. In
a view perpendicular to a cube, the arms of
six-rayed stars intersect and thus form a
four-rayed star (Maier, 1943; Strunz, 1968;
Kumaratilake, 1998).

In samples which show only four-rayed
stars, the stars are formed by needles which
are orientated parallel to <111>, i.e. parallel to
the edges of the dodecahedron (Figure 12a).
In a view perpendicular to a dodecahedral
face, a rhomb with angles of 70° and 110° is
seen, the edges of which are parallel to two
<111> directions. The light bands causing
asterism are oriented perpendicular to these
edges. Consequently, four-rayed stars are
observable in each view perpendicular to
one of the twelve {110} faces. The stereo-
graphic projection (Figure 12b) shows the
four light bands and their intersection points.
On the surface of garnet crystals that are cut
as complete spheres (Figure 12¢), the centres
of the stars are located at the positions of the
two-fold axes <110>, that are perpendicular
to the dodecahedral faces {110}. Turning a
sphere through a certain angle o causes the
light bands to move through an angle of 2a.
Consequently, the spherical triangles of light
bands observable on the surface ot a garnet
sphere are double the size of the spherical
triangles drawn in [igure 12c.

In samples which show both four and six-
rayed stars, the stars are formed by needles
that are oriented parallel to <110>, i.e. paral-
lel to the edges of the octahedron (Figure 13a).
In a view perpendicular to an octahedral
face, a triangle with three equal 60" angles is
seen that is formed by three <110> directions,
i.e. by three sets of needles. The light bands
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causing asterism are orientated perpendicu-
lar to these edges. Consequently, six-rayed
stars are observable in each view perpendi-
cular to one of the eight {111} faces. In a view
perpendicular to a cube {100}, two sets of
needles intersect at right angles.
Consequently, six four-rayed stars with their
centres at the position of the cubic four-fold
axes <100> are seen. The stereographic pro-
jection (Figure 13b) shows the six light bands

and their intersection points. On the surfaces
of gamnet crystals that are cut as complete
spheres (Figure 13c), eight six-rayed stars are
observable with the centres of the stars at the
position of the cubic three-fold axes <111>,
that are perpendicular to the octahedral faces
{111}, In addition, six four-rayed stars are
observable with the centres of the stars at the
position of the cubic four-fold axes <100>.
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As well as the two types of star-forming
needles parallel to <111> and parallel to
<110> mentioned above, a third type of
orientated needles in garnets is also
described in the literature (Holland, 1896;
Mellis, 1966; Strunz, 1968). These needles are
found parallel to the cubic four-fold axes
<100>, i.e. perpendicular to the cubic planes
of garnets from India and Madagascar. Until
now, star garnets with this particular orienta-
tion of needles have not been described,

probably because the needles in this orientation
do not form a dense silk-like network that is
necessary for the formation of asterism.

Conclusions

Asteriated garnets from Ambatondrazaka
near Lake Alaotra, Madagascar, are
almandines with high spessartine and some-
what lower pyrope contents. The ordinary
asterism of the samples is caused by orientated
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rutile needles forming white four-rayed
stars. Additional chatoyancy is due to
orientated lamellae of sillimanite. To our
knowledge, this is the first report of garnet
cat’s-eyes that show a certain type of acicular
inclusion in one single orientation only. The
formation of different six- and/or four-rayed
stars in garnets is explained by the intersection
of light bands that are formed perpendicular
to dense networks of acicular inclusions.
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