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Introduction
Sri Lanka is famous for gems since several thousand years. 
Almost corundum varieties have been found in Sri Lanka 
including the rough of Geuda which has also given con-
siderable attention to heat treatment (Soysa & Fernando, 
1992). 
Geuda is a whitish corundum, significantly founded in Sri 
Lanka, being a semi-transparent to semi-translucent stone 
with milky or silky appearance (Figure 1).
The appearance of Geuda sapphire is a translucent gem-
stone because of the tiny inclusions widely spreading 
throughout the stone. These inclusions appear as silky or 
tiny particles. The stone can be heated to improve trans-
parency and to yield blue color (Schmetzer and Kiefert, 
1990; Jaliya et al., 2020). Heat treatment usually affects 
milky and silky appearances as well as color modification, 
and even the internal appearance (including inclusions) 
of corundum. 
Several researchers have previously described the technical 
heat treatment and cause of color in sapphire (e.g., Nassau 
1981, Koivula 1987; Fritsch and Rossman, 1987; Schmetzer 
and Kiefert, 1990; Scarratt, 1999; Jaliya et al., 2020). More-
over, UV-Vis-NIR spectrophotometer is probably useful 
in the identification of sapphire, and it may also provide 
information on the geographic origin (Scarratt, 1999). In 
addition, the absorption spectra have been investigated for 
cause of blue color in sapphire; they display main broad 
absorption bands centred at around 570 nm (o-ray) and 
730 nm (e-ray), responsible for Fe2+-Ti4+intervalence charge 
transfer (IVCT) mechanism (Lehmann and Harder, 1970; 
Häger, 2001). 
For the absorption spectrum, optical properties of particle 
inclusions, commonly found in Sri Lanka sapphire, have 

been investigated. Mcneil and French (2000) studied var-
ious concentrations of TiO2 particles on semi-transparent 
resin films. The absorption spectra showed the scattering of 
TiO2 particles by the absorption edge below 400 nm. More-
over, Popov (2008) suggested that the TiO2 nanoparticles 
can be used as the UV protectors to skin because the nano-
sized TiO2 spheres, ranged from35-200 nm in diameter, can 
scatter the UV radiation (310 and 400 nm). According to 
the tiny inclusion in Geuda sapphire, the absorption edge 
might be found because of the scattering. 
Therefore, the milky Geuda sapphires under this experiment 
were not only investigated regarding the color created by 
heat treatment but also the influence of tiny inclusions in 
absorption spectrum. 

Materials And Methods
There were 10 rough samples of unheated Geuda sapphire 
from Sri Lanka in this study The color of the samples was 
light-blue color with milky appearance. After sample prepa-
ration, cutting, and polishing both sides to be slab (without 
crystal orientation), they were showed clearly silk and cloud 
inclusions in all samples (Fig. 1). Electron Probe Micro-Ana-
lyzer (EPMA) JEOL model JXA-8100 was engaged for chem-
ical analyses of major and trace element compositions of 
host sapphire samples. UV-Vis-NIR absorption spectra were 
measured by the VARIAN Cary 500 UV-VIS-NIR spectropho-
tometer with the wavelength range 175-3300 nm. Samples 
were heated by Linn electrical furnace (model HT 1800 Plus 
VAC Bottom Loader) at  a  temperature of 1650°C with 
5 hours soaking time. The atmospheric condition in the 
chamber was controlled by pure N2 gas feeding throughout 
the heating and cooling processes.
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Results and Discussion
Physical properties: 
The samples were typically semi-transparent to transpar-
ent appearance. Their RIs fall within 1.760–1.771 range, SG 
values are 3.90-4.00 with averaged birefringence of 0.008–
0.010. All samples are inert fluorescence in both long-wave 
and short-wave UV radiation.
Inclusions of Geuda sapphire samples from Sri Lanka show 
a feature of milky appearance. In this study, the samples can 
be divided into two groups, based on inclusion appearance, 
i.e., silk and cloud. Silk inclusions appear intersecting of 
silk along the crystal structure. Cloud inclusions include 
minute particles dispersing throughout the sample. Both 
types of inclusions can be observed clearly under the gem-
ological microscope which their sizes are less than 1 µm 
and disperse at a distance less than 1 µm (Fig. 2). 

Figure 1: Milky Geuda sapphire samples (1.78 ct and 1.01 ct)

Figure 2: Cloud inclusions containing minute particles (size 
of minute particles are less than 1 µm) that disperse at the 

Absorption Spectra: 
The absorption spectra of sapphire normally show the 
absorbion bands of Fe3+ at 377, 388, and 450nm (Emmett, 
et al. 1993). Whereas the milky Geuda yields the absorption 
edge pattern in a range of 300 – 350nm. This absorption 
edge is probably caused by the amount and size of the 
inclusions (e.g., silk and cloud) in Geuda sapphire as pre-
viously reported at wavelength lower than 400 nm (Mcneil 
and French, 2000; Egerton, 2014). 
After the heat treatment at 1650°C under a reducing atmo-
sphere, Geuda sapphires turn whitish color to blue color. 
The absorption spectra show increasing band at around 560 
nm, corresponding to the intervalence charge transfer in 
the form of Fe2+ - Ti4+ (IVCT). However, the absorption edge 
is vanished away due to the dissolution of minute particles 
during heat treatment (Fig. 3).

distance less than 1 µm between each other before heat 
treatment. Sample No. M02 (Left) and Sample No. M05 (Right) 
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Conclusions
Geuda sapphire samples turn whitish color to blue color 
after heat treatment. The transparency gets better because 
of the disappearance of minute particles. The high absor-
bances in a range of 300 – 350 nm in unheated samples 
appear as the absorption edge which is caused by the high 
amount and minute particles within the Geuda sapphire. 
Regarding this evidence, this absorption edge is an indica-
tor of the unheated sapphire.

Figure 3: Absorption spectra of milky Geuda sapphire before 
(blue line) and after heat treatment (red line).

References
• �Emmett, J. L. and Douthit, T. R. (1993). Heat treating the 

sapphires of Rocks Creek, Montana. Gems and Gemology, 
29(4): 250-272.

• �Egerton, T.A. (2014). UV-absorption – The primary process in 
photocatalysis and some practical consequences. Molecules, 
19: 18192 – 18214.Fritsch E. and Rossman, G. R. (1987). An 
update on color in gems. Part 1: introduction and colors caused 
by dispersed metal ions. Gems and Gemology, 23(3): 126 – 139.

• �Häger, T. (2001). High temperature treatment of natural 
corundum. Proceedings of the International Workshop on 
Material Characterization by Solid State Spectroscopy: April 
4-10, 2001; Hanoi, Vietnam, 24 – 37.

• �Jaliya, R. G. C., Dharmaratne, P. G. R., and Wijesekara, K. B. 
(2020). Characterization of heat treated Geuda gemstones for 
different furnace conditions using FTIR, XRD and UV-Visible 
spectroscopy methods. Solid Earth Science. 5, 282-289.

• �Mcneil, L. E., and French, R. H., (2000). Multiple scattering from 
rutile TiO2 particles, Acta Materialia,48: 4571–4576.

Kröner, A., Cooray, P.G. andVitanage, P.W. (1991). Lithotectonic 
subdivision of 
• �the Precambrian basement in SriLanka. In: Kröner, A. (ed.), Part I, 

• �Summary of Research of the German – Sri Lanka Consortium. 
Geological 

• �Survey Department, Lefkosia, 5–21.
• �Koivula, J. I. (1987). Internal diffusion. The Journal of 

Gemmology, 20(7/8): 474-477.
• �Lehmann, G. and Harder, H. (1970). Optical spectra of di- and 

trivalent iron in corundum. American Mineralogist 55: 98- 105.
• �Nassau, K. (1981). Heat treating ruby and sapphire: Technical 

aspects. Gems and Gemology, 17: 121-131.
• �Popov A. (2008). TiO2 nanoparticles as UV protectors in skin. 

University of Oulu. 84.
• �Scarratt, K. (1999). The Identification of Ruby and Sapphire. 

Gems and Gemology. 30: 82-83.
• �Schmetzer, K. and Kiefert, L. (1990). Spectroscopic evidence 

for heat treatment of blue sapphires from Sri Lanka – 
additional data. Journal of Gemmology, Vol.22 (2), 80-82.

• �Soysa, E. S. K. and Fernando, W. S., (1992). Field of 
classification of low value corundum in srilanka. Journal of the 
National Science Foundation of Sri Lanka. 20(1): 51-57.

• �Sutthirat, S. P. a. C. (2019). An Update on Mineral Inclusions 
and Their Composition in Ruby from the Bo Rai Gem Field in 
Trat Province, Eastern Thailand. The Journal of Gemmology. 
36(7): 634–645.

Thursday 26th October 2023


