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Preface

Historical Perspective to Sri
Lanka’s Gemstones

Sri Lanka has been famous for i1ts gems for
thousands of years. Ancient chronicles and
records noted the abundance of exquisite
gems unearthed from the land of “Rathna
dweepa” (Island of gems), the name given to
Sri Lanka. Arabs and Persians were engaged
in profitable trade with the East and Sri
Lanka’s gemstones were among the most
valuable commodities. The “jJewels of
Serendib” were In fact those from Sri Lanka
and the name Serendib was i1dentified with
the Island. Beryls, sapphires, rubies,
garnet and topaz were some of the gem
minerals mentioned in the travelers”
records.

The most noteworth feature of these
documents was the reference to the variety
and abundance of the gemstones of Sri
Lanka. The truly high quality gems of Sri
Lanka were reflected, literally, 1In some
of the priceless jewels of the Kings and
Queens of England. The blue sapphires of
Sri_Lanka have gained universal fame for
their magnificent quality. Yet, In spite
of hundreds of years of gem mining, the
traditional techniques that were employed
In the process of mining remain unchanged.
It 1s perhaps due to this fact alone that
Sri Lankan gem reserves are still quite
significant.

In the recent history of gem mining in Sri
Lanka the gem iIndustry assumed the status
of a major foreign exchange source.
However, 1llicit mining and smuggllng of
gems into other countries caused serious
setbacks to the i1ndustry and the much-
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wanted foreign exchange was lost to the
country.

With the establishment of the State Gem
Corporation in 1971 certain useful steps
were taken to develop_the:?em industry.
The large scale buying of geuda and
subsequent heat treatment, mostly by Thai
traders, had a major impact in the gem
industry. In 1987 the State Gem
Corporation took the geuda trade under its
wings and a bilateral agreement between
Thairland and Sri Lanka was signed. Geuda
IS a technical term used iIn the trade 1In
Sri Lanka and describes a greyish sapphire
material which can be heat treated to add
value. The greyish colour is due to small
rutile inclusions.

~ Any kind of mining results in

environmental degradation and Sri Lanka’s
gem mining was no exception. The large

numbers of 1llicit gem pits dug over the

last few decades have caused serious
concern among environmentalist and strong
laws have been passed to try to halt the
alarming rate of land degradation through

gem mining. Whether these laws are
effectively 1mplemented and enforced iIs a

different story.
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1 Introduction to the Material

As part of the DFID-funded research project on small-scale gemstone miners
(R7115) an information and training needs assessment was undertaken in Sri
Lanka in 1999 (project report by Dr Amarasinghe, 1999). Based upon the
results of this study a specific training course was developed and
implemented. The resulting information and source material for training is
presented in this document. The content of the material was dictated by the
list of topics requested by the small-scale miners as their key information and
training needs.

The needs assessment confirmed that a key concern of miners was for training
on the valuation of gemstones (the assessment of price value). No such
material is easily available to miners, particularly not in the local language.
While miners would like to have a tool allowing the specification of a price for
each stone the marketing environment for coloured gemstones is difficult and
involves a number of rapidly changing parameters, such as fashions regarding
colour, and general price highs and lows according to the world gem
production. Nevertheless this material incorporates the most recent
knowledge of factors that influence the value of a gem and provides important
guidance on how miners can assess the value of their gems more accurately.

This material was tested and evaluated at a training workshop held in
Ratnapura and oriented further to the miners’ needs and interests. The
documents is available in English and Sinhala and aims to help small-scale
gemstone miners to better assess the value of their gems, and therefore to
obtain a fairer price from dealers and traders. The manual will also help
miners to overcome the lack of technical information available to them in their
own language.

The material presents as much practical information and advice as possible on
the gem identification process. It provides detailed descriptions, with
illustrated examples, of how gemstones are enhanced by cutting, polishing,
heat treatment, crack filling etc, throughout their journey from the mine to the
final point of sale to a customer as a jewel or collectors item. The document
provides six different sections covering the following topics (these ‘information
packs’ can be used as source material for training events, adapted to the
audience’s needs):

FACTORS THAT INFLUENCE A GEM’S VALUE
> ldentification of Gemstones

The Gem Enhancement Techniques

A\

Assessment of a Gem’s Value

Y

Optimising Gem Sales

Y

Background Information on Gem Export and Trade
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This information will provide small-scale miners with a greater understanding
of the value a gem can obtain and will arm them with the knowledge they need
to ensure that the prices they attain for their gems are a fair reflection of the
end market value of that gem. The material is intended as a tool to raise
awareness of the wider chain into which their gem mining activity fits rather
than as a detailed procedural manual allowing miners to add value to the
gems themselves.
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2 Introduction to Gem Valuation & Enhancement
2.1 Steps to Follow to Assess the Value of a Gem

The valuation of gem material follows a number of steps, starting with the
identification. After the identification procedure you need to focus on
estimation of the potential for the gemstone to be enhanced in order to
increase its value. Gems may be enhanced by using several physical and 7 or
chemical processes like heat treatment and by the cutting process. The heat
treatment process is described below in order to allow an estimation of your
gem’s potential value to be added by heat treatment.

In the next step you have to learn a bit about gem cutting in general before
you will be able to evaluate the cutting potential of your gem.

In the last step of valuing a gemstone you need to estimate the weight of the
material after the cutting process.

It is essential that you pay attention to all these factors:

¢ |dentification

e Heat Treatment Potential
e Cutting Potential

e Weight

before you can attempt to assess the price of your gemstone. The following
chapter is describes how to assess each of these qualities in your gem mineral.

2.2 Gemstone Enhancement Potential

The value of a gemstone is determined by the famous 4 big C's:

Colour

Clarity

Cut or shape (or the potential for cutting)
Carat (or the carat after cutting)

All these factors might be influenced and enhanced on the journey from the
rough material to the cut gem. It is possible to influence these 4 C's with
several physical and/or chemical methods as shown in Table 1:

1 Geuda is a technical term used in the trade in Sri Lanka and describes a greyish
sapphire. The greyish colour is due to small rutile inclusions.
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Table 1: Techniques to Enhance the Natural Characteristics of a Gem

Characteristic Enhancement Techniques

Colour Cut, heat treatment, new heat treatment, diffusion
treatment, dyeing of porous and cracked materials,
irradiation

Clarity Cut, heat treatment, laser drilling, filling of cracks with:

colourless oils, hardening organic and inorganic substances
Shape Cut, crystal growth

Carat Cut, Doublet, Triplet, crystal growth

By cutting a gemstone it is possible to influence the colour (choice of the
direction of best colour and cut of the right angles and proportions), the clarity
(inclusions can be cut away) and of course the shape or the cut (to increase
the brilliance). Therefore this important topic will be discussed in more detail
in section 4.4.

It is possible to enhance the clarity of a gemstone by filling the fractures with
organic (oil, resin and so on) or inorganic (glass) substances. Equipment for
the crack filling of emerald is shown in Figure 1. On the heating unit a
pressure cylinder is positioned. On the top of the pressure unit a manometer
can be seen. The emeralds and the chosen oil are positioned in the pressure
unit. When the pressure unit with the stones inside and the oil is properly
closed the unit will heat up to a certain temperature and pressure. The oil will
then be pressed into the cracks of the stone and make the stone look smooth

and clear.

i

Figure 1: Equipment to fill cracks in emerald with organic substances

It is not necessary to declare oiling of emerald and the classical heat
treatment, but other treatments like irradiation and the filling of cracks with
coloured oils and glasses have to be declared. More information on classical
heat treatment is given in section 4.3.

10
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3 ldentification of Gems using Physical Properties

To identify the gem material you need to assess the physical properties of the
stone such as:

e the Hardness

¢ the Density

e the Refraction of Light
e the Direction of Colour

It is cheap and easy to carry out these physical investigations, as the following
sections describe.

3.1 Hardness

One easy and cheap method to determine the kind of gemstone is to test the
hardness. Most of the gemstones differ in their hardness. There are different
ways to check the hardness. The easiest way is to scratch the sample with a
mineral of known hardness.

Figure 2: Set of pocket hardness scale

Today hardness sets are available (see Figure 2). But it is also possible to
make your own hardness set out of the minerals which are very common in Sri
Lanka using the following table as a guide:

Mineral Hardness
Moonstone 6
Quartz 7
Topaz 8
Chrysoberyl 8.5
Ruby/Sapphire 9
Diamond 10

11
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You can use the hardness set very easily. You start with the hardest mineral
to scratch the surface. Rub the powder on the surface away and check
weather the surface is scratched or not. Try all others successively to the point
where the first mineral of known hardness does not scratch the surface. The
test stone therefore has the same hardness as this mineral

The surface of mineral in Figure 3 was scratched with the hardness of 8.5.
With the hardness of 8 it was not possible to scratch the surface. The mineral
therefore has the hardness of 8. If you look up the Mineral properties table in
Annex 2 at the end of this manual you will see that a hardness of 8 indicates
that it is likely to be a spinel and not a ruby.

Figure 3: Surface were scratch with a mineral of hardness of 8.5
3.2 Density

Another very important property of gemstones is the density, which means the
weight per volume. In most cases it is in the units of gramme per cubic
centimetre (cm3). So if we have a certain gemstone cut as a cube of the size of
1cm to 1 cm to 1cm, we just can measure the weight of this cube and that
value will be the density of this cube.

In most cases rough gemstones have an irregular shape therefore we have to
calculate the density of the samples by taking two measurements and
calculating the balance. At first we have to determine the weight of the stone
in air and then we have to measure the weight of the sample in a liquid of a
known density. In most cases the best liquid is pure water with just a drop of
liquid soap in it.

Before we start the procedure of density determination we have to clean the
sample and have to remove oil and foreign substances like soil from the
surface. After cleaning we have to determine the “normal” weight of the sample
in air. This step is shown in Figure 4. The determined weight is 4.15 ct.

In the next step the weight of the basket in water must be measured. Please
pay attention that no air bubble is adhering on the basket. If there are any air

12
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bubbles shake the basket gently to loosen the bubbles. The weight is 4.02ct
(see Figure 5).

Figure 4: Determination of Figure 5: Determination of Figure 6: Determination of
the weight of a sample the weight of the “basket” in | the weight of the sample in
water water with the basket

In the next step we have to determine the weight of the stone with the basket
(see Figure 6). Please pay attention again that no air bubble adheres to the
stone. The weight of the stone and basket in water is 7.14ct.

Now we have to subtract the weight of the basket (4.02ct) from the weight of
the basket with the stone (7.14ct).

7.14 ct- 4.02 ct = 3.12 ct

The result is the weight of the stone in water (3.12ct)! This value and the
weight of the stone in air have to put into the following formula:

weight..in..air

. —— - - *density of the water
weight..in..air.—.weight..in..water

density..of .the.sample =

The density of the water depends on the Temperature (see the following table).
During this experiment the temperature was 20°C.

13
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Temperature | 15 16 17 18 19 20 21 22 23 24
°C

density in 0,9991 | 0,9990 | 0,9988 | 0,9986 | 0,9984 | 0,9982 | 0,9980 | 0,9978 | 0,9976 [ 0,9973
g/ml

Temperature 25 26 27 28 29 30 31 32 33
°C
density in 0,9971 [0,9968 |0,9965 |0,9963 |0,9960 |0,9957 |0,9954 |0,9951 |0,9947
g/ml

415ct  4.15ct

= =4,03*0,9982g/cm3 = 4.022 g/cm3
4.15ct —3.12ct  1.03ct

So, the density of the sample is 4.022g/cm3. This value is typical for
corundum (ruby, sapphire, geuda, ottu, young geuda and so on).

Now we want to compare this result with the values determined by a high tech
digital balance.

At first we have to determine the weight of the stone in air again.

Figure 7: Weight of the stone in air Figure 8: Weight of the stone in
water minus the weight in air

For the second example we take the same stone and determine its weight by a
digital balance. As you can see in Figure 7 the weight of the stone is 4.163ct.

After this step we recalibrate the balance with the stone on it and then put the
stone into the “basket in water. The value -1.032ct (see Figure 8) is therefore
the weight of the stone in water minus the weight of the stone in air. Now we
put these two values again into our formula:

14
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weight..in.air

density..of ..the.sample = — —— - -
weight..in..air.—.weight..in..water

*density of the water

4.163ct
1.032ct

=4,034*0,9982g/cm? = 4.027 g/cm3

So in fact, the difference between the earlier method and this is just 0.005
g/cms3. This value is negligible and is due to the kind of measurement. The
cost of the classical balance scales is round about US $50 and the coast of the
digital one about US $2,000. The process to measure the density with the
digital balance is a little bit more comfortable and a little bit more precise, but
the classical balance technical also works very well too.

3.3 Refraction of Light

The way in which a gemstone refracts light through itself is another physical
property which is used to identify gem minerals. The most suitable method for
assessing the refraction of light is by using a refractometer. The working
principle is as follows: If light goes from air into a more dense material like a
gem the light will change a little bit its direction (see Figure 9).

air

surface

gem

Figure 9: Refraction of light

The change in the direction of the light is called refraction. With increasing
difference in the density of the materials the refraction increases. These values
are called refractive indices. Refractive indices are very characteristic for all
gem material. In Figure 10 a diagram of a refractometer is shown. Typical
refractive indices of gems are shown in Annex 2 at the end of this manual.

15
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Figure 10: Diagram of a refractometer
Key:
1 = light source with just one certain colour
2 = Glass of high refractive index

3 = Gem sample
4 = Mirror and scale
5 = Filter

To learn how to work with a refractometer, let us start with a practical
example. At first we have to put a little bit of refractometer fluid on the glass
body. In the next step we put our red stone on the glass (see Figure 11).

Figure 11: Red stone on a refractometer

Now we look into the refractometer and see a border between a bright and a
darker area. This border gives us the refractive index of our red stone. In our
example the value is 1.620 (see Figure 12).

16
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Figure 12: First refractive index of the red | Figure 13: Second refractive index of
stone is 1.620 the red stone is 1.640

Now, if we turn the filter (see diagram in Figure 10), the border of the bright
and the dark area will vary and we will see a second value of 1.640 (see Figure
13). Then we have to turn the stone some degrees and turn the filter again.
The high value will be the same but the lower one will increase. The maximum
difference between the highest and the lowest value is 0.02. This is what is
called birefringence. In other words the refractive indices are 1.620 and 1.640
and the birefringence is 0.02. These values in combination with the colour are
typical for Tourmaline. As you know there are plenty of Tourmalines therefore
these values vary very strong, but all other minerals in Annex 1 and 2 do not
have these values. The closest minerals are Hemimorphite and Amblygonite,
but nevertheless with a lower refractive index! To verify these values other
facets of the stone should be analysed.

In addition to that, according to the behaviour of a stone on the refractometer
more information about the physical property of the stone can be deduced and
groups can be found.

1) Minerals of the first group (like spinel, garnet) show the same refractive
index in all directions, even if we turn the sample, the filter or chose
another polished surface (facet).

2) Minerals of the second group have one index which does not change, if we
turn the filter and the sample and the second vary. If the high value is the
stable one, we say the stone has one axe and is negative. If the low index is
the stable one it has again one axe, but it is positive. See annex 1 and 2.

3) In the third case both refractive indices vary, if we turn the stone and the
filter. If we calculate the average of all measurements and this average is
closer to the highest value the stone has two axes and is negative. If the
average is closer to the lower value the stone has two axes and is positive.
See annex 1 and 2.

17
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So if we transfer this new knowledge to the tourmaline mentioned above,
tourmaline has one optical axis negative. Those values are also typical for
tourmaline. See annex 1 and 2.

Just with these simple measurements we are able to identify all minerals
which have a refractive index below 1.81. Minerals with a higher index like
Diamond, Zircon and some garnets can not be identified with this method.

The cost of such a refractometer is between US $250-800. The disadvantage is
we need at least one polished surface (facet).

3.4 Minerals with different colours in different directions

If a mineral shows different colours in different directions (see Figure 37), this
property can help us to identify the mineral. Usually a piece of equipment
know as a dichroscope is used (see Figure 14). With the dichroscope you can
check very easily if a sample shows different colours in different directions or
not. It is possible to differentiate very quickly between, for example, ruby and
spinel. In the case of ruby we can recognise in most directions two colours and
in the case of spinel there is only one colour.

A
o ___ %
L“;

Figure 14: Sketch of dichroscope

Key:

1 = Calcite

2= Lens

3= Tube-like box

4= Gem sample

5 and 6 = Two pictures of the gem sample showing the two colours

18
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4 Gemstone Enhancement Potential
4.1 Gemstone Enhancement - Heat Treatment

The Principles of Heat Treatment (for ruby and sapphire)

The low temperature heat treatment of ruby has a long tradition in Sri Lanka.
This technique is used especially to eliminate a blue hue from rubies and
some pink sapphires. Fire, produced by burning charcoal or coconut shell was
used, and bellows were used to increase the temperature. This technique is
still used today, but instead of bellows a blower is used (see Figure 15).

Figure 15: Traditional heat treatment in Sri Lanka

In the beginning of the 1970s Thai -gem dealers developed the high
temperature treatment. This high temperature treatment was done using
diesel and gas furnaces. One gas furnace developed in Sri Lanka is the famous
LakMini furnace? (see Figure 16). The maximum temperature is between 1800
and 1900°C depending on the components.

2 The cost of such a furnace is US$1,500.

19
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Figure 16: High temperature gas furnace made in Sri Lanka owned by Prof.
Rupasinghe University of Buttala

The advantages of such a furnace are the low primary cost and the low gas
cost. The disadvantages are the cost of pure oxygen and the lack of
temperature control.

Today even electrical resistance furnaces with Super Kanthal 1900 heating
elements are used. The maximum temperatures of such furnaces are round
about 1800 to 1850°C. The cost of such a furnace is US$16,000. The
advantage is the fully controllable treatment programme and the comfortable
use of such furnaces. The disadvantages are the high primary costs and
secondary costs of the heating elements (US$350-400 ).

The first scientist who published a detailed description of the treatment
process was Nassau, (1984, 1994). With the concept of Nassau many reactions
were explainable, but not all. For example Nassau pointed out, that all blue
Sapphires have to be treated in reducing3 atmospheres to produce the blue
colour.

In the Figure 17 you see two rows of samples. Every stone was cut into two
pieces. The upper part of each sample was heat treated in air up to 1800°C for
15 hours to develop the yellow and the blue colour. As you can see in Figure
17, the oxidising atmospheres4 also lead to the intensification of the blue
colour.

3 Reducing atmosphere means with an excess of gas in the gas to oxygen ratio. If you
run such a process in a furnace inside a house be sure, that it is enough air
circulation in the room!!!

4 Oxidising atmosphere means in air or with an excess of oxygen in the gas to oxygen
ratio

20
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Figure 17: Samples from the Getaheta, Rantapura and Buttala area heat treated
at 1800°C in air

Figure 18: Samples from the Getaheta, Rantapura and Buttala area heat treated
at 1800°C in air

21
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Figure 19: Samples from the Getaheta, Rantapura and Buttala area heat treated
at 1800°C in air

How to evaluate a sapphire for heat treatment

If a sapphire will show a better colour and a better quality after heat treatment
or not depends very strong on the kind inclusionss. Therefore if you want to
evaluate the potential for heat treatment, we have to look on the inclusions in
detail.

How to find the inclusions is shown in chapter 0. But what is the role of these
inclusions during the heat treatment? Inclusions can be divided into 3 groups:

1. Positive inclusions for the heat treatment (see chapter 0)
2. Neutral inclusions for the heat treatment (see chapter 0)
3. Negative inclusions for the heat treatment (see chapter 0)

Positive inclusions for the heat treatment of sapphires
The inclusions of the first group indicate a positive reaction of the corundum
in the heat treatment process.

Rutiles inclusions in right concentration belong to this group. Rutile is
dissolved in lattice and is responsible for the intensification of the blue colour
during the treatment process. The size and the concentration of these
inclusions may vary, but in general the behaviour is very similar, if these
inclusions are really rutile.

5 Inclusions are foreign substances in a Mineral. These foreign substances might be
solid (other minerals) liquid(s) or gasses.

6 Rutile is a mineral with the chemical Formula TiO..

22
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Figure 20: Photo of a sapphire before and after the treatment. The blue side was
heat treated for 15 hours at 1800°C in air to develop the blue colour.

Another type of positive inclusion is dot-like inclusions as shown in Figure 21.

Figure 21: Left photo showing a sample cut into two parts. The left part of the
left photo was heat treated 15 hours in air at 1800°C. The right side of the left
photo represent the original untreated state. Right photo showing dot like
particles in detail, which are a positive sign for a successful heat treatment.

These small inclusions are probably small spinels. Parts of these spinels move
into the sapphire and stabilise the yellow colour.

The rutile and the small spinels are enemies and thus neutralise each other.
In other words if the ratio between them is 1:1, the sapphire will be colourless
after the heat treatment. On the other hand the ratio may change often in a
stone - this leads to a multi-coloured stone like in Figure 22.

23
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Figure 22: Multi colour stone with change in the ratio of spinel to rutile
inclusions

Another positive hint is, if there are any blue patches in the stone: The
probability, that such a stone intensify its colour is significantly high.

Figure 23: Blue patch in a stone (Ottu material) before and after the treatment.

Neutral inclusions for the heat treatment of sapphires

Whether inclusions are neutral or negative depends very often on the
treatment temperature. If an inclusion starts to melt, this melting process is
combined often with an increase in the volume of the inclusion. Therefore the
inclusion needs more room and creates cracks in the stone. A typical tension
crack can be seen in Figure 27. A table of the melting points of several
important inclusions is shown in Table 2.

It is said in the gemmological literature, that healed cracks are very dangerous
for the heat treatment process in Figure 24 a typical healed crack is shown
before the heat treatment. In Figure 25 you see the same crack after a high
temperature treatment. No changes can be observed, therefore if there are no
additional inclusions on these healed cracks, those are not dangerous.
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Figure 24: Healed crack before the high Figure 25: Same crack as in Figure 24
temperature treatment after the high temperature treatment.

Table 2: Melting point and decomposing temperature of some important
inclusions

mineral melting point mineral melting point
Anatase see Rutile lImenite 1450°C**
Apatite 1660°C** Ruby/ 2050°C*
sapphire
Brookite see Rutile
Rutile 1830-1850°C*
Calcite decomposition 898°C* with
out decomposition 1339°C Spinel 2135°C*
Graphite 3652°C* UO2 2878°C*
Hamatite 1594°C* Uraninite zu UO2
Zircone 2550°C*

* Source: Handbook of chemistry and physics (1981)
** Source: Themelis (1992)

Negative inclusions for the heat treatment of sapphires

The most dangerous minerals are the minerals which contain water. During
the treatment process these minerals will decompose and the water will be
extracted from the mineral. Typical minerals that contain water are the micas
and Diaspore and Boehmite. Especially the last two are very common in some
rubies, although not so common in rubies and sapphires from Sri Lanka. A
typical reaction can be observed in Figure 26. After the treatment the stone
shows ugly white zones. Therefore experts fill these white areas with borax-
based substances again, so ultimately the stone looses these white zones.
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Figure 26: Ruby before (left side) and after heat treatment (right side). Inclusion
lost water and is destroyed therefore.

As it was pointed out earlier, the melting of an inclusion is one of the most
dangerous phenomenon. In Figure 27 you see inclusions in a yellow sapphire
before (l