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Schweiz. mineral. petrogr. Mitt. 62, 15-20, 1982

Asterism in Sri Lankan corundum

by Th. G. Sahama *

Abstract

This paper describes the identification and crystallographic orientation of the rutile inclusions
found in a corundum from the Elahera area, Sri Lanka.

The corundum crystals are heavily zoned (fig. 1). The rutile inclusions are almost invariably
twinned either of a needle-like habit with two individuals or geniculated with three or four individ-
uals. The twin plane is {011} and the needle axis is <011>. The orientation of the rutile inclusions in
the corundum host is the following:

Rutile <010 | Corundum [0001]
Rutile «01T> | Corundum <1120

INTRODUCTION

The asterism found in some Sri Lankan corundum cabochons (star sap-
phires) has been known from antiquity. This optical effect is caused by a regular
arrangement of needle-like inclusions in the corundum host. It was eminently
illustrated by GUBELIN (1974) and was recently optically explained by WEIBEL et
al. (1980) and by WUTHRICH and WEIBEL (1981).

GusTav TSCHERMAK was probably first to suggest already in 1878 that the
needles consist of rutile. Their identification and crystallographic orientation
was later studied with modern methods by a number of authors. A review of the
literature concerned is contained in the paper by PHILLIPS et al. (1980).

The solution of the problem has been seriously hampered by the extremely
small size of the needles in the asteriated Sri Lankan corundum. Therefore, the
most recent studies used synthetic titanium-doped corundum crystals in which
the needles could be grown large enough for optical microscopy and X-ray etc.
work (TAKUBO et al., 1978; PHiLLIPS et al., 1980).

In 1972 the author was able to obtain some specimens of corundum from a
local miner in the Elahera area in Sri Lanka. The exact provenance is not
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known to the author. These corundum crystals were found to contain
needle-like, slightly bladed inclusions, up to 1 x 0.05 x 0.002 mm in size with the
shortest dimension subparallel to the corundum c-axis. They thus allow an opti-
cal microscopic and microprobe study. Because such studies on natural Sri
Lankan crystals are not available in the literature, the results obtained will be
reported in this paper.

MATERIAL

The Elahera corundum crystals available for this study are slightly bluish
and turbid, subhedral to euhedral of a barrel shaped habit. They are up to 7 cm
long and show a well developed rhombohedral parting with boehmite in the
seams. The mineral is constantly associated with a blue spinel (table 1), black
in hand specimen, which invades the corundum and replaces its crystal mar-
gins. The specimens contain also small amounts of partly chloritized brown
mica (phlogopite), graphite and bluish apatite. A few tiny euhedral rutile and
diaspore prisms could be detected in the interstices between the large corundum
crystals. Some interstitial powdery anatase is probably an alteration product of
rutile.

Table I Blue spinel invading corundum, Elahera area. Composition and physical data.
Microprobe analysis by Kirsti Himildinen. FeO:total iron.

WEs % B =5 cgﬁégggi?gn
510, 034 Si 0.07 Al,MgO, 82.2 %
Al,0, 67.3 Al 15.73 Al,Fe0, 16.2
FeO 10.1 Fe 1.68 Fes0y 1.5
MnO 0.15 Mn 0.03
MgO 22.2 Mg 6.56
Ti0, trace
Ca0 trace

Total 100.09

n = 1,735 = 0.002
Density = 3.72 + 0.02 (Berman balance)
a = 8.105 + 0.003 A
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Fig. 1 Zoned corundum crystal, section approximately perpendicular to
the c-axis. Zones containing abundant inclusions (white) alternate with
those free from inclusions (black). Diameter of the crystal 2.5 cm. Elahera
area, Sri Lanka.

The corundum is invariably heavily zoned. The zoning is not caused by co-
loring but by an alternation of zones entirely free from the needles with those in
which the needles are very abundant. The zone boundaries are sharp. In sec-
tions cut perpendicular to the corundum c-axis the needle-rich zones display a
bright chatoyancy while the needle-free zones remain extinguished (Fig. 1).

IDENTIFICATION OF RUTILE

Fig. 2 illustrates scanning electron microscope images of a needle-like inclu-
sion in the corundum matrix. The inclusion shows high Ti, extremely faint Fe
and no Al, Si and Ca (Fe, Si and Ca not reproduced in the figure). The needles
are highly birefringent. They are almost invariably twinned, either two individ-
uals with the twin plane parallel to the elongation axis or geniculated with three
or four individuals. The angle between the extinction direction (c-axis) and the
elongation axis of the needle is nearly 57°.

Allowing for the necessary uncertainty in extinction angle measurements,
this value agrees with the angle between the c-axis and the common twin plane



|8 Sahama, Th. G.

Fig. 2 Scanning electron microscope images of a rutile inclusion in corundum matrix. Length of the rutile
needle 7 microns. Elahera area, Sri Lanka.

{011} of rutile, i.e. 57.2°, calculable from the unit cell dimensions of the mineral.
These data prove the inclusions to be rutile and exclude anatase and brookite.

NEEDLE ORIENTATION

Fig. 3 illustrates schematically the orientation of the rutile inclusions in the
corundum host. The indices of the corundum prism faces in this figure were
checked with a zero layer X-ray precession photograph about the c-axis. The
elongation axis of the rutile needles is not the crystallographic c-axis but <01D>.
This needle axis is parallel to <1120> of corundum (Weber symbols: McKIE and
McKIE, 1974, pp. 69-71). The zone axis <010» of rutile is parallel to the c-axis of
corundum. Such an orientation implies that the optical extinction directions of
the rutile inclusions deviate 2.8° from the directions of the hexagonal outlines
of the corundum crystal. This deviation was microscopically confirmed.

Compared with the previous data, the following summary presents the orien-
tation of the rutile needles in the corundum host:

Rutile Corundum
TakuBoetal. (1978) (100) ~ ] (0001)
(synthetic) 001> [ <10T0>
PHILLIPS et al. (1980) {100} || {00011
(synthetic) {011} || {1210}

O1T1» [l <10T0»

This paper 010> | [0001]
(natural) O1T» | 120>
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1010

1010

Fig. 3 Section parallel to (0001) across an Elahera corundum crystal illus-
trating schematically the orientation of the needle-like and geniculated ru-
tile twins on (011). Broken lines indicate the traces of the c-axes in the ruti-
le individuals.

ORIGIN OF RUTILE INCLUSIONS

The origin of the rutile inclusions in corundum can not be interpreted on the
basis of experimental evidence. The phase equilibria in the dry system
Al,O;-TiO, (LANG et al., 1952) are known only in a temperature range well
above the temperatures which can be considered reasonable of the corundum
crystallization in the Elahera area. In hydrothermal environment the system is
unexplored. It is commonly assumed that the rutile phase originates through
exsolution from a homogeneous corundum phase with TiO, in solid solution.
This assumption is based on the mode of occurrence of rutile in the corundum
host which is typical of an exsolution. On the other hand, a joint crystallization
of corundum and rutile in regular arrangement can, so far, not be entirely ex-
cluded. Such an interpretation is suggested, but not proved, by the zoned struc-
ture found in corundum crystals (Fig. 1). Microprobe determination of titanium
in the corundum phase both in the rutile-free and rutile-bearing zones yielded
the same values, i.¢e. ca. 0.1 wt% TiO, or less. In the processes of exsolution and
simultaneous crystallization the mutual orientation of the corundum and rutile
phases could be expected to be identical.
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