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Abstract

Rough and unheated gem corundum samples from various gem fields of Madagascar were
used in this study. The samples include ruby from Andilamena and Vatomandry, blue-green-yellow
sapphire from Diego Suarez, blue sapphire from Andranondambo, and varied-coloured sapphire from
Ilakaka. A total of 803 corundum samples were measured for basic gemmological properties and
absorption spectrum using UV-Vis-NIR technique, 201 samples were analysed for major and trace

element contents, and 339 samples were heat-treated.

It can be concluded from this study that (1) Colour and physical appearances of corundum are
directly related to type and concentration of trace elements, especially Cr, Fe and Ti. (2) Milkiness or
cloudiness in the gem samples reflect the distribution and concentration of Ti in the stone. (3)
Advanced techniques of chemical analysis to help determining which samples are suitable for heat
treatment and how, are not as effective as the much simpler technique using only a torch light and
loupe or magnifying glasses employed by most Thai gem dealers, both in terms of cost effectiveness
and practicality. (4) In conducting heat treatment of corundum, attention must be paid to all factors that
might affect the stones, for examples, the original colour, type and amount of inclusions and fractures,
and internal features/textures of the stones such as milkiness, silkiness, or coloured patches present. (5)
In principle, the practical procedure recommended for heat treatment of gemstone is to start with
minimum heating conditions (esp. temperature and soaking time) and extract the stones that response
satisfactorily to the treatment before reheating with stronger setting step-by-step. (6) Stones with
cloudy/milky appearances (Geuda) are the best responsive to heat treatment. Heating in an oil furnace
under reducing condition up to 1,450 °C will produce nice blue stones. (7) Ruby should be heat-treated
to get rid of other interference colours, i.e. blue, violet, or brownish tints, or to increase clarity, using
electric furnace under oxidizing condition starting at 1,000 °C or 1,200 °C (if the stones are cloudy) or
at 1,350 °C (if the stones are clear), for a long soaking time (at least 3—5 hours). If heating to enhance
clarity the maximum temperature may be as high as 1,800-1,900 °C and rapid cooling. (8) Heating
sapphires of pink, orange, purple, or violet colours is similar to heating ruby. (9) Heating sapphire of
blue-green-yellow suite can be aimed at getting any shade of colour between blue and yellow. If blue is
the colour wanted, the stones should be heated under reducing conditions. On the other hand oxidizing
conditions are favoured for heating of yellow sapphire. The ease or difficulty in getting the blue or
yellow depend on the amount and proportion of Fe and Ti contents, temperature and soaking time, and

the intensity of oxidizing or reducing conditions during heating. (10) Each heat treatment should be



considered a separated scientific experiment. Successful heat treaters should be very observant
especially regarding the physical appearances of the stones before heating and the changes thereafter in

correspondent which each heating conditions used.
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EOCENE

DANO-MONTIAN

ALBIAN,
UPPER-LATE
CRETACEOUS
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BARREMIAN
NEOMIAN
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CALLOVIAN

DOGGER

Ferralitic
alteration

LATE SUPERIER

LATE INFERIER

NEOPERMIAN-
EOTRIAS

PERMIAN &

SUPERFICIAL FORMATION

St
indurations

MARINE FACIES

MIOCENE I:
OLIGOCENE I:I Marl, limestone

Marl, limestone,

sandstone

Nummulitic
limestone

Limestone, marl

Sandstone,

limestone, marl,

clay

Clay, marl,
limestone,
sandstone
Clay, marl,
limestone,
sandstone

Limestone,

& dolomite, marl

a Sandstone clay

MIXED FACIES

Alluvium
sand

PLIO-QUATERNARY

NEOGENE

Sandstone,
I:I oolitic limestone

Ej Sandstone,
Clay

— Sandstone,
gypseous clay

Sandstone, limestone,
dolomite, marl —

Limestone,
sandstone,
pelite

FACIES KARROO

b Reef limestone, breches

CONTINENTAL FACIES

:] Dunes

Fluvio-lacustrine
sediment

:l Sandstone,
clay

- Sandstone,

basalt
Sandstone,
clay

ISALO 111
Sandstone, clay

ISALO I
Sandstone, clay

ISALO1
Conglomerates,
clay
SAKAMENA
Conglomerates,
sandstone, clay

SAKOA

Conglomerates,
sandstone, tillite,
clay, carbon

1 (90)

=n.
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VOLCANIC FORMATIONS

_ Basalt, basanite
Rhyolite ankaratrite

QUATERNARY

PLIO-QUATERNARY - Basalt

3 Basalt, limburgite,
4 andesite, ankaratrite,
phonolite

NEOGENE

Rhyolite, trachyte

wal Trachyte, syenite,
nephelinic syenite,
Gabbro, nephelinic gabbro

EOCENE Ignimbrite, granite

SANTONIAN- li i i
! |:| Rhyolite, microgranite, D Basalt, gabbro
MAASTRICHTIAN syenite, microsyenite

TURONIAN I:l Rhyolite, microgranite, Basalt, limburgite, sakalavite,

trachyte, syenite Gabbro, dolerite, allivalite

PLUTONISM (non date)

Granite, charnockite,
tonalite

Syenite,
syenitic charnockite

Gabbro, orthoamphibolite,
orthopyroxenite, anorthosite

gl

|:] Migmatite
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Metasediment

BASAL COMPLEX

VIHIBORY Leptynite, SERIE Schist, gneiss, SAMBI- Gneiss.
gneiss SCHISTO- micaschist, RANO schist,
amphibolite, QUARTZO- calc-silicate, micaschist,
calc-silicate CALCARE quartzite leptynite,

calc-silicate,
AMPANIHY |:’ Graphite leptynite

ANDROYEN Gneiss, leptynite,
pyroxenite,
calc-silicate,
quartzite,
micaschist,
charnockite,
scapolite

Series volcano-sedimentaries
Affinites calcaroferromagnesiennes Affinites sillicoaluminocarbonate
MAEVATA- Gneiss, DARAINA b Acid and basic AMBA- Micaschist,
NANA amphibolite, 9 orthogneiss- TOLAMPY gneiss,
green schist flow, gneiss migmatite,
quartzo - a graphite
magnetite
AM[l()RQM- Gneiss, DARAINA Orthogneiss ANDRIBA Gneiss,
POTSY amphibolite, 4 granodiolitic, migmatite
quartzite, migmatite
migmatite Gneiss,
ANTONGIL - Gneiss, kyanite micaschist
micaschist,
chlorite schist,
Series mafic epidotic
migmatite,
BEFORONA Amphibolitic migmatite amphibole, MANAM- Gneiss,
BRICKAVILLE - amphibolite oligoclastic POTSY migmatite

Old craton

DARWHAR I:I Basic xenolitic granite
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