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0. Introduction

Au carrefour de la science et de la poésie,
cette gemme exceptionnelle illustre remarquableriemt la richesse d’interprétation
et la sensibilité de la gemmologie d'hier et d’aujbhui.
Son nom et I'appréciation de sa couleur sont nda gerception subtile,

historique et affective que les hommes ont derfeande.
Elle est une part de la mémoire d'une culture usieie,

celle qui fait que notre regard s'attarde sur labe

gue notre esprit s'émeut d'un scintillement auxiksteintes,
qui fait que enfin nos pas ralentissent,
laissant un instant le doute et la poésie nousagptir.
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Foreword

This work represents a long inquiry — on the gob(gti Lankg as well as in books - during
which | have had fruitful discussions with Sri Lamk gemmologists, tradesmen, collectors and
scholars.

Padparadscha does not belong to us. It iSgs
notion. Besides the fact that its identity is esisdig
related to a particular culture, it happens thas t
notion can also be characterized by a scienti
approach.

As we will see, this notion has bee
corrupted several times throughout its history,
different mechanisms such as simple particul
commercial constraint, individual behaviou
depending on lucre or human difficulty
understanding and describing with objectivity the= :
colours that they perceive. Interview Clehe C. Jomard

It can also be added that this notion has beesrnndted orally over the centuries without
being precisely characterized.

Everybody knows that game in which each child gr@up alternately whispers a sentence
in their neighbour's ear. At the end, the sentatmes not have much in common with what it
sounded like at the beginning.

Given that, the padparadscha notion was born atweemty centuries ago, whereas the
generalisation of written culture in most peopléyatates back to two centuries or so, it is obvious
that over a period of about eighteen centuries heam built an idea of the padparadscha that has
varied considerably according to interests, perants$ places.

Moreover some criteria are no longer precisely tifiable.
For instance, because of the great number of L{dtakimbo nucifera
[Nelumbium Speciosum indica] ) varieties and consedly of Lotus
colours known today, the original hue on which thedparadscha
notion was based cannot be defined any more.

The considerable and patient work to which Chresti

Jomard 0.U.G. dissertation, 1996has devoted herself served as a starting pointtHis study.
Beginning from the "archaeo-padparadscha” of ahdexis, the "available" bibliography pictures
an evolution of the chromatic concept, and leadfefme the concept of two distinct "habits".

The notion of Padparadscha, having only been appligems originating from Sri Lanka so
far, has a whole chapter dedicated to the charaatem of this origin.

Distinction criteria enabling to recognize pink-Hogay brownish sapphires coming from
East Africa and improperly called padparadschasaggested.

A charter is proposed by way of conclusion. It expd in details the characteristics that
constitute the diagnosis of padparadscha.



1.0 Habit

Following the observation of a great number ofgaaddschas, we have noticed the existence
of four distinct groups possessing manifestly ddfé internal and depositary characteristics.
Therefore we suggest to use the notion of habitafdretter understanding of this very peculiar
population of sapphires. This tool helps us to usid@d some deviations from the standard colour
and enables us to better recognize the "bounddoyies deserving even so the designation of
"padparadscha”’. The names of the habits derive ftloenterminologies used by Sri Lankan
tradesmen.

The habit, loan word from the study of the humadyb is a notion commonly used| in
mineralogy where it categorizes individuals of Hame species into homogeneous groups on the
basis of criteria of colour, morphology or interrstfuctures.

In crystallography, this word designates more pely groups presenting redundant
characteristics of crystalline developments or Bawithin a species.

The aim of this study is to describe cut gemgethee the crystalline habitsensu strict§
cannot be applicable. We will then use this worddafine the general aspect of a cut gem,
considering the inclusions, the colour(s) and thaient or revealed potentialities, the transpargnc
/ clarity, the effects produced by the cut and aitner notable feature.

This approach is applicable to the padparadsclaasiilable on the market, among which ¢an
be distinguish four habits. The first two corresgdn the notion of real padparadscha, the third
corresponds to the notion of created or inducedpaaddscha, and the fourth cannot be designpted
by the name padparadscha.

1.1 Description of the "Habits"

1.1.1 "Native" Habit

We will call "native” ("original” in French) thedhit that is generally considered as the oldest
and most representative of the concept by Wesaboratories as well as by Sri Lankan tradesmen:

The material is generally very pure, not presentmany veils, only rarely containing
xenospecific or multiphase inclusions, and givingryv sparkling faceted stones with a high
"dispersion”. The colour, orangey pink, homogenetmughe eye, is always pastel, with a low to
medium saturation and light tone, well-balancedh®m norm in most caseseé conclusion charferlt
strives a bit towards the orange pole sometimestaraly, and only weakly towards the pink pole.
In the great majority of cases, this habit shovtua colour zoning that is often visible to the edk
eye and always visible during an examination in grson. This colour zoning, that lapidaries
attempt to place as parallel as possible to thietéioit at best parallel to the angle of the paili
for this habit, can be considered as one of theehts characterizing the Sri Lankan* origiae(
2.4.D.

* Only in the case of orangey pink pastel sapphisas;e this colour zoning can be found in corundwisdiverse colours and
origins.



1.1.2 "Antigue Colour" Habit

The definition of the "Antique Colour" habit ("amae" in French) refers to the colour that is
closest to the ancient Indian chromatic concsgat £.9:

Stones moderately included to pure, containinghtflgitual range of inclusions found in Sri
Lankan sapphires, except for rutile crystals thay earely appear. The colour ranges from much
paler to much stronger than in the first habit, atrtves towards the pink pole, very rarely towards
the orange pole. The acceptance of this tendemegrtis pink, makes that Sri Lankan merchants
often offer padparadschas which are hard to diftexte from pink sapphires. This driieg 2.9
emphasizes the validity of the use of a colour telngsee conclusionclearly defining the chromatic
limits of the appellation. The stones of this halsg sometimes badly orientado(e parallel to axis)g
and show an apparent dichroism. In this case, lilne dolour zoningrére for this hab)t obviously
tends to be nearly parallel to the table.

1.1.3 "Market Quality" (or "Induced") Habit

The "Market quality” or "Induced” habit ("induith French) depends directly on the lapidary's
skill. This habit is characterized by a non-homagmrs colour, at least laterally, in wide pink and
yellow colour zonings usually visible to the nakeye and positioned more or less parallel to the
table, which gives an illusion of padparadschawglthrough mixing, when the gem is examined in
apical view. The populations of inclusions foundtls habit are those of the "Antique Colour"
habit, but they are usually smaller, which givdess glittering aspect to the gems of this category
This habit is generally the result of a thermaliradiation treatment on medium quality pink
sapphires.

1.1.4 "Deceptive" Habit

This habit does not deserve the designation gaadischa:

It comprises pink sapphires of light to mediumusaion with iron oxide intrusions in the
cracks. These gems have a colour that is very dlodbe padparadschas because of reflection
effects.

The intimacy of a deceptive "padparadscha”...

Cliché F. Nota Cliché F. Notal



1.1.5 Summary

Habit

Colours

Internal Characteristics

"Native"

Pastel orangey pink, occasional incursi
towards the orange pole, very rarely
towards the pink pole.

pNo or few inclusions, high apparent reflectig
blue colour zoning generally parallel to the
angle of the pavilion.

>

"Antique colour"

Pink pole of the tone, rarely towards
orange, apparent dichroism often mark

Usual inclusions of Sri Lankan sapphires, b
echrely rutile. Blue colour zoning rare, often
nearly parallel to the table.

"Market quality” or "Induced"

"Native" or "Antiqué colour in apical
view. Yellow and pink colour zonings
easily observable laterally.

Generally no blue colour zoning.

Usual inclusions of Sri Lankan sapphires,
indications of thermal treatment.

"Deceptive”

Colour similar td’Native" or "Antique”,
but usually more yellowish and duller.

Iron oxide intrusions.

Photograph 1

Padparadschas




1.2 Dimensions

Padparadschas are usually not very big. The dellzalance of conditiongrécisely at the level
of chromogenic elementsequired for the genesis of this sapphire hasyabbeen found in any other
deposit in the world at a comparable scale to tleeaf Sri Lanka. It can easily be assumed that the
specificity of the environment and the delicacytloé mechanisms generating the padparadscha's
colour could hardly have been maintained over #eessary period of time for the development of
large-sized crystals.

Actually, if gems of ten to twenty carats are @mmdant among blue sapphires, their
percentage is nevertheless not significantly sopeio padparadschas in comparison with the
enormous total production.

On the other hand, gems of more than twenty carat®€xtremely rare among padparadschas
whereas blue sapphires of thirty, fifty or a humndearats are quite regularly found.

Diagram 1
Size Distribution
100%- B Répartition par taille des padparadschas
. rencontrés sur le marché sri-lankai par le
90%- Gem Testing Laboratory de Colombo.
80%
70%- 50%
60%
50%
40%-
30%-
20% 0.17%
10%-

Jusqu'a 1 carat 1 a4 carats 4 a6 carats 6 a 10 carats 10 a 20 carats + de 20 carats

Statistic data, focusing on a period of 26 yeags9(- 1993, provided by Mr Leslie J.
Punchihewa, manager of the First Gem Testing Laboran Colombo. The 1'126 carats rough
stone extracted in 1982 does not appear on theatag

Photograph 2



The Original
Certificate of Gem Identification
From the First

Gem Testing Laboratory

Prepared by
Sri Lanka's most experienced and remowned gemmologist
Leslie Joseph Punchihewa

B.A. (Cey.); F.GA. (Gt. Britain) Diploma in Genmnology (G.A.G.T.L.}
Certificates in Colouredsiones & INamoods (G.LA.)

Author : Gem Buying Hinds & G.T.L. Quality Grading Sy for G

Procedure

General Data u.?éé'\s- 79, Dtiisascons : /0.88 x § 88 x FA2as,

R M,&hﬁ.’n.‘--\g—é

Diagnostic Data /. &. /. 762 _ 1. 770 . R . oog A-
ﬂuﬁ-ﬁ; ,Jldi 4-?4!:.%&.,

omments ,.?’

& d‘f called
*’*"‘# ”"“‘7
f“’ff*fw :
Conclusion

The Gemstone of which the description and analysis are recorded abowve is certified to be a :




2.0 — General Points

The colour of Padparadscha is an ancient subjexrdroversy.

There are two historical concepts: the Indian thwedSri-Lankan (or Singhalese).

Christine Jomard's thorough investigations i

ancient books have shown that the colour

padparadscha has been defined in India from tkte fi
century onwards as "red with a very unobtrusiy
orangey underhue", and as "strong orangey pif
almost red, with a touch of magenta" in the or
tradition. These definitions of colour, confirmey &ll

the scholars that we have met, explain the fact t
padparadscha was quoted under the name of "ruby’'
the Ratnapariskania, before the '8 century A.D). This

old Indian concept corresponds to the chromat

characteristics of the present "Antique Colour"ihab

although the latter is a bit stronger.

Cliché: H.A. Hanni

Nowadays it is the "Native" concept that tenddéothe reference in the West. Sri-Lankan
consider both the "Native" and "Antique" colours\asdid criteria, but they tolerate a substantial

drift towards pink for the"Antique Colour" habit.

It seems that, in the past, padparadschas obagstolour, which were more appreciated gnd
negotiated on a higher basis, were exported taldn the point of view of commercial practice,
the notion of preciosity is more perceptible if tpem's colour is vivid. Therefore such a gem is
easier to negotiate. Gems of a less strong col@ue \wut on sale on the places of production, so
they became the hue criterion in Ceylon. The Wa&bich stocked up on the places of productjon,

adopted this criterion.

It is not possible to situate chronologically #hect beginning of the divergence between the
two concepts, but it is anterior to the fifth cagturhe Indian concept, which tended at the time to
link padparadschas with rubies, resulted in thbgosgption in the ruby category. The similarity of
colour as well as the numerical superiority of aghfinally got the better of a concept that was not

differentiated enough, whereas the Sri-Lankan gqoneemained.



This kind of drift is frequent, and commercial assities have a great influence on the
instability of a chromatic concept. It is still @pical subject as it can be seen in M.M.M. Mahsof'
article (1992)where the discussion focuses on the status of @rk&n rubies. Most of these rubies
show a weak colour saturation, which differs sutitsaly from the criteria in use. Besides, in the
West, these stones are generally sold under the mdirtfpink sapphires”. The article recounts a
debate that took place during the reunion of aron@mt association of precious stones tradesmen.
The conclusion suggested at the end of the reusioneresting because it considerably widens the
concept of ruby and puts forward the designatiary\pale pink rubies” (sic) instead of the current
designation "pink sapphire”. Obviously this procedus a way to take over a highly rated
appellation (uby) for a less rated gem. Rubies corresponding tcetpected colour have actually
always been found in Sri Lankaéfla Sidney Woolf (1914), Louis Finot, (189§)but they are rare. But is
it not this rarity precisely that gives them theatue?

The undoubted legitimacy of economical constraiften confronts gemmological and
historical realities. Nevertheless, working on thssumption that commercial considerations
develop from gemmological definitions, it seemsdhaacceptable that the former would control
the latter. The Indian concept example of a padisataa of a very saturated colour shows that, in
such a case, this principle is doomed to failure.

2.1 — About the Specific Colour of Padparadscha

We have seen that in the past the two chromaticequts of padparadscha were centered on
pink, with the addition of a more or less orang@llow touch. Therefore the clear definition of the
typical colour, whatever its tendency towards on& r the other, is orangey pink. This implies
that it is a pink pole more or less tinted withragay yellow.

The definition "pinkish orange" often found in theerature does not correspond to reality
since it defines an orange pole with pink addec&n@e is an inappropriate definition of colour but
it is frequently found. It does not correspondfte hotion passed on by Sri-Lankan tradition nor to
the colours permitted by the physical and chemnzdlre of the padparadschas analyzed in this
work (see 2.4.2.

Moreover, the only major drift in the pasgihbse mainspring was the intensification of colwith total
freedom for the choice of the pole, see)2MaS towards pink.

Thus we can say that the typical colour of padiseha ranges from a pink where the orange
touch can hardly be perceived to equality betwaak and orange. Beyond this equality, towards
orange, a sapphire does not deserve the desigmattparadscha. The pink component must always
be clearly perceived. Obviously this declension thes situated in a light to medium saturation,
otherwise pink would be red.

This range can be subdivided into two categories:

The first half, from pink onwards, correspondstte "antique colour” habitée 1.1.%,
The second half, towards the point of equalityMeetin pink and orange, will be
representative of the "native" hahbied 1.1.).

These two subdivisions are not arbitrary choices cbrrespond, firstly, to the two chromatic poles
of padparadscha shown by histosge( 2.9, and secondly to the two groups that can be atgzhr
upon chemicalduantification of chromogenic ageptsand depositaryir{clusions and cutting parameters ensuing



from the habisensu strictof rough stongscriteria. This second category is not easy tagige because it
is quite hard to gather enough padparadschas adeepresentative selection of samples.

Diagram 2

Random colours, see conclusion charter

Type colour of padparadscha
Antique Colour Habit Native Habit Treated Sapphires, Umba, Malawi, etc.

Photograph 2

Cliché C. Jomai



2.2.0 — Methodology and Vision

Defining the colour of a gem is not easy and aatexh colorimetry systems are not
satisfyingly efficient in routine.
In gemmology there are tools of definition by c@ngon which have the advantage of being
simple and of giving precise enough indications.

Angle of observation of a gem:

In apical view from the tablg, colour varies according to several factors saglthe position of
the light source, the position of the observer rdflection of surrounding coloured elements etc.

It is possible to obtain constancy of the condsi@f observation by turning the gem upside
down fig. 2) and placing it on a perfectly white surface. Heereit should be noticed that its colour
will then seem more saturateskd 2.2.2. When the colour reemitted by the white backgim
observed through the stone, what is perceivedastbdy" colour (or mass colour). In the case of
gems with strong saturation, it is advisable to ensiire that the power of the light source is not to
strong in order to not generate simultaneous cshtrBhis has the effect of accentuating the
difference of colour between the white background the gem, making the latter's colour more
difficult to perceive. This method enables to repre the colour of a gem in a uniform manner,
which makes it easier to compare with a paper stasd Then it is possible to swivel the stone
round in order to perceive possible differencesabdur linked to the optic angle's orientation.

Diagram 3

Light source

Observer




2.2.1 - Lighting:

Lighting plays a great part in the estimation ofocar. Usual lightings Halogens, fluorescent
lampg are unsuitable because they are coloured. A oedblighting generates an adaptation to this
colour in the observer's eyenfsecutive contrgsend makes them perceive the complementary colour
of the light in question. This will reduce theirpeeity to perceive colours close to that of the
lighting. This adaptation becomes more pronouncigtd thve time of exposure.

Diagram 4
Light source

In order to define the correspondences of
padparadscha with the different tools of colour
definition, | used a xenon bulb with a short arc,
N\"m\ make Osram, model XBO, CR/OF&Rs¢wW) of
o a temperature equivalent to 6100 K.

N\ norme CIE: D65 This kind of lighting has the advantage| of
|—|_ having a continuous spectrum in the visible
| —.| | XBO, CR/OFR domain, close to the norm CIB 65). This is
of course not the case of fluorescent lamps of
similar temperatures, which also present|the
400 500 600 700 drawback of having considerable emisgion

lines @enerally 405, 435, 545 et 580 [m]

D'apres J. Sersen, 1990 (modifi€)

2.2.2 - Variations in the Appearance of Colours:

Numerous factors may modify the perception of cdom general. There can be several factors
having an effect at the same time.

Differential sensitivity:
The capacity of differentiating colours variesrajadhe spectrum. It is bad at both ends, and
particularly in the red beyond 6&@n]. On the other hand we are capable of a differgotia
of about IInm] from +- 490 to +-59¢hm].

Bezold-Brucke phenomenon:

A change in the appearance of colours occurs mditions of very strong luminanceguéantity
of light emitted by a surfage the aspect of greens and reds becomes closelltwyg, and the
aspect of purples and blue-greens becomes cldsads.

Purkinje phenomenonides not apply to transparent g¢ms

The perception of a colour's luminosity is modifigy differences of luminance. In photopic
vision (vision in full light), the wavelength of 55fpm] will have the most luminous appearance,
whereas in scotopic visioRigion in weak luminosity this maximum will be situated around 510
[nm].

Abney effect:



The information picked up by the eye's photoremeyptis sometimes subjected to a
modification of the perception of colour durings itransfer to the optic centre. This
modification is proportional to the decreasingafuration.

Other factors:

Sociocultural level, sex and especially age alsy p part in the estimation of colours. A
progressive degradation of the capacities of jpei@e of colour starts around the age of 25
or 30.

The personal sensitivity of each individual magoabe mentioned. As for people regularly confrdmtith gems, they develop a
"gemmological culture" which makes that, unless  thpkgical state, a consensus emerges as regaréstimation of colours.

Thus the estimation of a colour is difficult andbgected to considerable variations. Given the
complexity of the optical properties of gems, itolsviously almost impossible to grade a colour
with precision and in a repetitive way only using optical capacities. As there is still no rel@bl
automated system, it is imperative to follow anrextely strict methodology while using the
existing tools Gemset, Gem Dialogue, Pantone Palette)getsince it is primarily the differences in
observation conditions which lead to the greatesiations of interpretation (by the way, the
methodology should always be mentioned with gradoatesults).



2.3.0 - Colour

The perception of colour can be defined accortbritpree criteria:

- Hue: It is the basis itself of coloured visidmked to the spectrum's wavelengths. The
spectrum is arbitrarily divided into seven "coldunsurple, indigo, blue, green, yellow, orange and
red.

- Lightness (or Chroma or Intensity): It dependstloe quantity of white added to a colour (a
pure spectral colour is of maximum lightness). Nthadess, the lightnesses of the different colours
are variable. Those at the spectrum'’s ends areivenyse whereas yellow is not very much. Thus
only a small quantity of red would be sufficientdolour white light, whereas a greater quantity of

yellow would be necessary.

- Tone (or Value): It is not a chromatic factorchese it is proportional to the radiation's
energy level. In conditions of very high or veryakdone, all colours have a tendency to desaturate.

Diagram 5

Munsell's Colours' Solid

D'apres Bariand P., Poirot J.-P., 1985

Munsell's colours' solid is an example of methedduto define colour. The sample's colour
iIs compared to the chromatic units forming the dsollThe chosen unit is defined by three
coordinates, hue, lightness and tone. Despitewsl lof perfecting, this system does not repreaent
real advantage over those used in gemmology antiraent gee 2.3, because it does not get rid of
the problems stemming from the comparison of getis e@omplex optical properties to plane and
opaque standard surfaces.



Diagram 6

Spectrum Colour

)

Colours Wavelength in [nm] Complementary Colour
extreme purple 400
medium purple 420 yellowish green
purple-blue 440
medium blue 470 yellow
blue-green 500
medium green 530 crimson
yellowish green 560
medium yellow 580 blue
orangey yellow 590
medium orangey 600 greenish blue
orangey-red 610
medium red 650 green-blue
extreme red 780
Figure 1
Spectre de la lumiere
‘HH\HH‘HH\HH‘\H\\HH‘HH\HH‘HH\HH‘HH\HH‘
700 nm 650 600 550 500 450 400

The english speaking people use the spectrum kiee wtay around compared to this one, purple on

the left and red on the right.



2.3.1 — The Colour of Padparadscha (Correspondgnces

Tools References

Gem Set oR 3/4, rO 3/4, rO 2/3,
ROJ/OR 3/4, RO/OR 2/3,
RO/OR 2/2, yo 3/3, yo 2/3,
0 3/3, 0 5/4, O 4/3, O3/4,
0 2/2

Gem Dialogue, (basis) R 20/ 10, 20, 30, 40, 50,
O 2R/ 10, 20, 30, 40, 50
R/10

Methuen Handbook of Color 8-A-2, 3

Code des Couleursdguy, 193p 165, 169, 170, 175, 178,
182, 183, 184, 185, 188, 189,
190, 194, 195,
197, 198, 199, 200.

Pantone,asig 1625c-1635c
169c-170c
162 c

Atlas chromatique DIN 6168iesalsky 195y

modeéles directs: hue lightness __tone
5: 214 1
6: 2/4 1

These mentions are indicators rather than defenitdefinitions of the colour of
padparadscha, because of the multiple variatiorss g¢gm's colour depending on its purity, its cut,
the orientation of its optical axis etc.



2.3.2 - Quotations

Terminology Considerations Regarding Padparadsetid&ican Orange Sapphire
Dr H.A. Hanni, Swiss Gemmological Institute SSERSBI

The term Padparadscha (english spelling after CIBli&s been used for pinkish orange|or
orangey pinkish corundum with pastels colours.[./[producing a pinkish-orange colour
of weak saturation. /... .../of the described phsblour./...

Communication of June 1995

Considérations terminologiques sur le Padparadsehies saphirs oranges africains

Dr H.A. Hanni, Institut suisse de Gemmologie S3kte

Le terme Padparadscha (selon I'orthographe anglaie la CIBJO), a été utilisé pour les
corindons orange-rosés ou rose-oranges de teiaseal... ... /produisant une couleur orange

rosé de saturation légere/... ... /de la couleustpadécrite/...
Communication de juin 1995

Shida Junko, Jewellery News Asiagg?):
.../Sapphires from Africa are not certified as padqmischa because colour is not orangy-pink
but is more brownish-pink or brownish-red./...

Kamil Ismail, Jewellery News Asial492):
.../Colour in padparadscha is a narrow range betweed and orange/...

Koivula John I., Kammerling Robert G., Gems & Geony, (1989):
("Padparadscha” sapphire) .../ a pleasing "clasinkish orange oval mixed-cut
sapphirel/...

Liddicoat Richard T., Gems & Gemology9(2:

.../ Traditionally, the term "padparadscha” was ilied to the light reddish-orange stones that
are typical of the Ceylon source. In the Umba RivBnes, producers have been finding many
orangy-brown stones that are much darker and mash &ppealing to the average person than the
lovely Singhalese stones./...



2.4.0 — Origin of the Colour

Padparadscha is a chromatic varietyar{gey pink of corundum ¢Al,O3) aluminium oxide,
which is an allochromaticcdlourles3 material in its pure form. Its colour comes fratements
which are not part of its structural formula:

Cr* : Trivalent chromium ofcr,0,) , for the pink component.
Fe’* : Trivalent iron of(Fe,0,), for the yellow component.

These elementsHromophoref are present in proportions ef0,04 to 0,8% replacing a few
Al**ions in the crystal lattice fdr information, theconcentration of G found in Sri-Lankan rubies of medium
saturation/lightness amounts 4d.%).

Non defined coloured centres also take part irctieur of padparadsch&Sof the native
habit exclusively®. (® prof. Hans Bill personal communication 1995F. Notar)

As in other corundums, the colour induced by intps is modified more or less intensely
by several factors such as interactions betweeonubgenic ions and oxygen atoms according to
their pressure, the distance separating them fhasetatoms, the values of electrostatic repulsion o
surrounding ions, variations of concentration adsi ions in some parts of the host crystal lattice,
and the type of bond defined by their positionhie atomic structure.

Diagram 7

Transitional chromogenic cations in substitutiondtuminium in the corundum lattice.
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! lons are atoms which have won or lost electronenThey either have a negative (anions) or a pesifiarge (cations).



2.4.1 - Role of the Chromophores:

Trivalent chromium (C) intervenes as a simple transitional elemens fasitioned in the
ligands field in octahedric coordinatiosix(neighbouring oxygens Its role and the quantities in which
it is present are fundamental because trivalembrolum generates the pink touch on which the
concept is based.

"Dispersed" or “isolated" trivalent iron (B intervenes in an intervalent charge transfer with
oxygen (3). It participates in the yellow touch through tesorption of a part of the wavelengths
in the purple.

To a lesser extent, trivalent iron in pair {Fé F€") intervening in a pair transition via an
oxygen 0) completes the action of dispersedFélthough its absorption covers a larger part of
the spectrum than Ee for reasons of quantities and/or interaction vitshsurroundings, it is more
discreet Yoir tableau 1).

Coloured centres participate in the yellow touéhlpadparadschas of the native habit only.
Their nature is still unknown todagrof. H. Bill, personal communication, 1996

Magnesium

Contrary to what has been writteMag¢sau, 1993 magnesium does not seem to intervene in the
colour of padparadscha. Indeed, if it is possiblede a certain correlation between the intengity o
the colour and the iron and chromium content, therebviously none with magnesium contents
(histogram No ), knowing that the colours of samples CJ/02, BDdadl BD/02 are on average more
saturated than those of samples FN/10, FN/09 arldFN

Histogram 1

Magnesium oxide content (MgO)
Mineralogische Institut der Universitat, Basel, CH. Instrument: JEOL JXA 8600 Superprobe, Opérateur: Michael KRZEMNICKI, 07/11/1996
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In the following spectrum, the identity of the ahrogenic elements of padparadscha (Cr, Fe)
is revealed in energy dispersion X ray fluorescence

Spectrum 1
Spectrum in energy dispersion X ray fluorescence:
Padparadscha, réf. FNO3, tube voltage: 25 kV, Tube current: 0,30 mA, Filter: Al,
live time: 200 sec., SSEF 18/07/96, réf. pad antique
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Histogram 2

Iron oxide content (Fe,O3)
Mineralogische Institut der Universitat, Basel, CH. Instrument: JEOL JXA 8600 Superprobe, Opérateur: Michael KRZEMNICKI, 07/11/1996
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2.4.2 — Blue Colour Zonings:

As blue colour zonings oriented m2y) are one of the characteristics of padparadsaha (
2.4.2), they deserve to be mentioned as regards toghabal colour. Indeed, although they are very
discreet, they participate in the gem's global eotbrough the addition of a cold touch. In such a
case, they can be perceived in spectroscopy byadbning towards red from the absorption of
chromium at 554nm] by addition to the absorption of the IVCT?Fe. Ti*" at 565[nm] (see diagram
11).

The role of the blue component's chromophores:

Divalent iron (F&" and tetravalent titanium (¥) intervene in an intervalent charge transfer
via one oxygen (O).

Dispersed trivalent iron (B8 intervenes in an intervalent charge transfer witigen (3).

Bivalent iron (F&") associated with trivalent iron (E% intervene in a pair transition
involving one oxygen (&) (usually only for sapphires of basaltic orijin

Photograph 3

Blue colour zonings of padparadschas.ddited line represents axis "c".

Cliché F. Nota



2.4.3 - UV- Visible Spectra

In spectrum no 1, the peaks at 693, 554, and 409n] correspond to trivalent chromium
(Cr*) in simple transition, the peaks at 450 and B#T to trivalent iron in pair transition [note the
discretion of the absorption compared to the Und@phkires, (spectrum 4)], and the peaks at 388

and 328nm] to trivalent iron in simple transition. This sperh can be considered as characteristic
of padparadscha.

The broadening of the absorption of chromium a# §bn] through superposing of the
absorption of transfer Iron Titanium ee detail, spectrum) £an be seen.

Indexings of absorption on spectra in this wokk @mmon to padparadschas and Umba
Valley sapphires. These are the last drift of the@matic concept of padparadscha. Thus some

of the absorptions marked are not very represeetati even non-existanb( example F&/Fe* at
377 [nm]).

Spectrum 2

Padparadscha, habitus original, Sri-lanka, 5.756 ct., (E [ c, polarisé), réf. PE/01
300 nm/min., slit 1.0 nm, wavelenght change 325 nm, integrating sphere, polarizing filter type HNP'B, 10/09/96
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Padparadscha, habitus antique, Sri-lanka, 2.422 ct., (E O c, polarisé), réf. FN/03
300 nm/min., slit 1.0 nm, wavelenght change 325 nm, integrating sphere, polarizing filter type HNP'B, 10/09/96
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Spectrum 4

Padparadscha, habitus antique, Sri-lanka, 2.469 ct., (E [ c, polarisé), réf. PE/12
300 nm/min., slit 1.0 nm, wavelenght change 325 nm, integrating sphere, polarizing filter type HNP'B, 10/09/96
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Absorptions jointes de la transition du Cr** (554 nm) et de I VCT Fe** . Ti** (565 nm) (E Oc, polarisé)
300 nnYmin., slit 1.0 nm, integrating sphere, polarizing filter type HNP'B, 19/10/96
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Spectrum 6

Brownish orangy pink sapphire, Umba valley, Tanzania, 0.801 ct., (E O c, polarised), réf. FN/38
300 nm/min., slit 1.0 nm, wavelenght change 325 nm, integrating sphere, polarizing filter type HNP'B, 20/10/96

328 nm| (Fe™®)
377 nm (Fe" /Fe™®)
388 nm (Fe™) — =

— =W
1.1+

405-410 nm (Cr'™®)

450 nm (Fe*¥/ Fe'®)
09+

"

475-477 nm (Cr*®)

554 nm ( Cr'®)
565 nm (Fe'?/ Ti™)

Absorption relative
<

ot

693 nm (Cr'®)

05 1

0.3
300 325 350 375 400 425 450 475 500 525 550 575 600 625 650 675 700 725 750 775 800

nm




2.4.4 - Hand Spectradtwork spectroscope, model "DGKitst version)

Spectrum 7
‘HH\HH‘H\\\HH‘HH\\H\‘H\\\HH‘\\H\HH‘HH\HH‘
700 650 600 550 500 450 400
Padparadscha, native habit, orangey pole, Sri Lanka
Reference FN/03.
Visible absorptions:
692, 694, 700hm]
Spectrum 8
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B R L L
700 650 600 550 500 450 400
Padparadscha, antique colour habit, pink polel &rka.
Reference PE/12.
Visible absorptions:
668,692 694 [nm]
Spectrum 9

700 650 600 550 500 450 400

Orangey brownish pink sapphire, Umba Valley, Tarean
Reference WM/09.

Visible absorptions:
450, 460, 471 nm]
692 694 [nm]



2.5 — Transitional Elements

Theory:

A transitional element is a chemical element wihah, in its fundamental state, for one of its
oxidization numbers, an incomplete electronic ulager d or f (except for elements Zn, Cd and
HQ).

If an atom receives energy when it is in its stz#ed fundamental(fundamental state of
energyE;), it becomesxcited(excited state of enerds, > E;). EnergieE, do not have any valug.
They are a discontinuous succession of energysleve

The excited atom will have a tendency to go backts fundamental state byteansition
during which it will emit an energy photowh = E, - E;.

Globally, the transition of a levelto a levelp (E, > E;) is accompanied by the emission ¢f a
photon whose frequenay, is determined by\p, = E, - E,. Conversely, the absorption of a photon
of frequency,p causes a transition from levgl to levelE,.

D'aprés J.-P. Sarmant, 1988

Diagram 9
cr** simple transition mechanisms in octahedric coatitim in a padparadscha (corundum)
Electron jumps Absorption - transmission and
Energy Increasing Decreasing
in eVv** energy states energy states [nm]
(theoretic)
N Absorptions \ Transmissions and emissions
Layers
4
e
En- -7
3 Discreet blue transmission
En ° .
. Red
— En > ransmission
p\ ‘ and emission
L p\ Energy loss in the fon
p of non
\ radiative heat ——— : Emission lines
‘Where: e = electron p =photon - E; = fundamental state andt, = excited statewhere: E = hv)

Chromium simple transition mechanisms in padpatsasc

F. Notari, 1996

Each electron layer has its own energy level, twhincreases from the internal layer to the
external layer.

Thus, the transfer of an electron to an extemgr requires an additional energy supply. This
energy is taken from visible light by photon absimm. Then the atom is said to be in excited
state E).

* eV: electron-volt energy acquired by an electron accelerated tengial difference of 1 volt. (1 eV =

1,600'°)



Transferred electrons only temporarily occupy tipper layers, and they go back to their
initial layers by restoring an energy equivalentie one originally absorbed, either in the form of
photons or of other types of radiations ell as non radiative hg¢aiThen the atom is in a state called
fundamental(E,).

The energy of photons is proportional to the fesgry of the wave to which they are
associatedH = hv)*. For a given jump length, and according to thec®ostatic repulsion values to
which the electron is subjected, the taking wiltwcat a precise wavelength, whose energy level
satisfies the needs. The further the electronhalle to move away from the nucleus, the greater its
energy need will be, and the absorption will theour at high frequencies.

The sum of the wavelengths in which no absorplias taken place will form thesidualor
transmittedight that generates the pink touch of padparadscha

The intensity of pink will be proportional to tlggiantity of chromium atoms contained in the
gem (0,01 to 0,4%).

To complete this model, it should be specified thihen a chromium atom goes back to its
fundamental stateEf), the electrons restore the energy particularlyhie form of fluorescence,
which participates to some extent in the gem'swolbhis fluorescence mainly appears in very thin
emission lines at the following wavelengths: 69thd] and 692.8nm] for isolated chromium
atoms, 702.4nm], 705,7[nm], 698.5[nm] and 700.3nm] for atoms associated or in pair.

Because they are very thin and superposed on @lsotines, these emission lines are not
always easily detectable with spectrophotometerisrddpectrofluorescence seems to be a good
way to reveal themi(Dubois-Fournier, B. Lenain, D. Le Maguer, 1289

* E = hv (Planck-Einstein relationwhereh = 6,62617610° joule-second, at 510° (Planck constantand v = wave frequency.

Histogram 3

Chromium oxide content (Cr,03)
Mineralogische Institut der Universitat, Basel, CH. Instrument: JEOL JXA 8600 Superprobe, Opérateur: Michael KRZEMNICKI, 07/11/1996
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2.6 - IVCT of the Blue Colour Zonings

Padparadschas often show blue colour zonings whesbum thicknesses generally range
from 0,1 to 1 [mm], and are orientated accordinth®bipyramid'§112) sidesat 20,1° of axis "c".

In sapphires of similar colour, only populationsrfr Sri Lanka quite regularly show a colour
zoning in this orientation. This colour zoning da@ considered as a characteristic feature of
padparadscha.

The blue colour zonings are essentially due tgtiesence of iron and titanium in the form of
(Ti*") tetravalenttitanium of (TiQ), of (F€*) trivalent ironand of (F&") bivalent iron of (Fg0y), in quantities
of 0,005 to 0,05%. These transitional cations generate the colowoutth mechanisms of
Intervalence Charge TransfevT), and through a transition of pafe®* / F€"*) which absorbs in
the UV.

When tetravalent titanium and trivalent iron atese enough to each other and subjected to
white light excitation, receiving an amount of egef at least 2eVAngenault Jacques, 19p5an
electron (alency electrop of the superficial layendlency layey of F&* will also occupy the valency
layer of Ti* and that of the involved oxygen. According to titerature, the protagonists's
valencies are modified then, but this is not exactle as it is a molecular orbital (¥e- Ti*" o
3 O) (cf diagram 1).

The taking of the energy necessary for the meshans revealed through an absorption of
visible light at about 565 nanometres.

There is also an IVCT ©- Fé&*: absorption at388[nm]. This transfer shows itself in the very
near ultraviolet and spreads to the threshold oplpu Furthermore there is an IVCT ¢ Fe'*:
absorption in the infrared spreading to the visjate&500 [nm] in basaltic sapphires.

Diagram 11 Causes of the colour of ldapphires (metamorphic):
Intervalence charge transfers? - Ti*", 0% . Fe*", Fe%" .. Fe** (basalti) and pair transition of F*/ Fe¥*, (=c)

2 2.5 3 [eV]
650 580 530 470 420 [nm]
red yellow green  blue purple‘

Transition Valencies temporarily
Transfers modified according to the  Return to the
literature %% initial valencies

\Cra N N N

Fe*' / Fe™ |
Absorption peaks: *% These are actually molecular orbitals
0%/ Fe* =388 [nm] (F&" o Ti* « 3 O), the individual
Fe? + Ti** = 565 [nm] valencies are not considered as really
modified,

2+ 3+ _
Fe™ /Fe™ =900 [nm] Transmitted or residual light, blue we would rather talk of a dividing up/sharing.

F. Notari, 199



Histogram 4

Titanium oxide content (TiO,)
Mineralogische Institut der Universitat, Basel, CH. Instrument: JEOL JXA 8600 Superprobe, Opérateur: Michael KRZEMNICKI, 07/11/1996
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2.7 Coloured Centres

Theory:

Coloured centres are punctual flaws of the cryattite. They are atoms, ions, molecules,|in
which an electron is in an abnormal situation. €hame three types of coloured centres:

CentreF: made of an electron occupying the place of aorani
CentreV: made of a hole occupying the place of a cation.
CentrelU: made of an interstitial or substitution hydroggom.

J.-P. Mathieu, A. Kastler, P. Fleury, 1991

Natural coloured centres are generally atoms irchvan electron has been ejected from its
orbital by a high energy radiation. When it is congda with a neighbouring element, they form a
whole that can generate an absorption through agehteansfer mechanism (ex. amethysts, where
Fe’* impurities have been transformed intd Fender the effect of a natural irradiation). A der
transfer will form between tetravalent iron and omggen (3 — F€"), and as a result there will be
a considerable absorption in the region of yelloeeg.

More complex coloured centres exist, where twéeddint elements, after irradiation, combine
with one oxygen, and provoke an absorption thatenaointhem could have provoked individually
(ex. yellow tourmalines called Tsilaisites: #n. O Ti** (Fritsch E., 198)).



These coloured centres can also be gaps (i.esabsent from their sites), caused either by a
high energy radiation or by a deficiency during ¢feen's growth. In order to retain a neutral charge,
a gap can be occupied by an electron if it is aoragap, or by a particle of positive charge (pmto
if it is a cation gap.

In corundums, and thus in padparadschas, the esdigte of coloured centres is not well-
known at the moment. Nevertheless, we know that #éne stable and that they are formed during
the gem's growthg( Fritsch, personal communication, 1996

Authentication methods in laboratories are cortednwith two categories of colourgd
centres: stable and unstable. Stable centres ases fivhich generally appeared during the gem's
growth. Unstable centres are due to exposure ioraning radiation, natural or not. In the cas¢ of
padparadscha, these unstable centres have alwagscbesidered as due to the action of map. In
reality, solarization phenomena observed in padjsafaas should put us on our guard: the usual
decoloration testNassau, 1988which is the practice in some laboratories shawdtl be used any
more as we still do not understand that mecharigasides, it would be judicious to reconsider|the
nature of this test, which is debatable from a ti@ogical point of view.




2.8 The "Problem" of the Umba Valley (Tanzania)

The Umba Valley region (Tanzania) has been produgreat quantities of sapphires of all
colours for a long time. A certain percentage @ngey-pink sapphires with a brown underhue can
be found in this production. Each of these thrdews are always present, in variable proportion.
Most of the time these sapphires are proposed @mtrket under the name of "padparadscha” or,
at best, "African padparadscha”.

It should be noted that the Sri-Lankan standardndey pink, more or less pajtés globally
admitted in gemmological circles, with slight deioas, whereas the "African” standakgafge or
orangey pink with a brown underhuis put forward as correct by commercial circles.

We are forced to recognize that if laboratoriesl g@mmologists have no advantage in
choosing one or the other standard, commercialor&nestablished in Africa or distributors of this
production are well advised to make their goodseberfrom the appeal of the renowned
appellation. Obviously, here commercial’s interemts in contrast with the gemmological reality.
This is probably a miscalculation regarding theggcAn sapphires. It would actually have been
good to promote the appellation "Umba", becaussetisapphires are often very beautiful, although
very different from padparadschas. Their intridi@am@cteristics would have been sufficient to make
them appreciated for themselves.

It is important to notice that in all cases (antiexts, oral tradition, modern Sri-Lankan and
Western uses), the colour of Padparadscha is egenter orangey pink, with an incursion towards
the pink pole in certain periods or places, as aeehseen already, but never towards the orange
pole.

As for the brown colour, the only existing allusisnby Mahinda Gunawardengsgy), (../Pinkish-
orange to pinkish-yellow with areas of orange-broand pinkish-orange). This mention is
unique. The observation could have been done oariant specimen, not representative of the
population, or on a thermally treated specimensghorangey-yellow or brownish-orangey colour
zonings are precisely indications of this kindretment, see photograph 4 below).

In a strictly chromatic approach, the orangey awirish-orangey pole to which sapphires friom
the Umba Valley and from Malawi belong excludesiifeom the Padparadscha designation.




Photograph 4
Yellow-brown colour zonings cadsy a thermal treatment, Sri Lanka sapphire

Cliché F. Notal

Histogram 5

Chromium oxide content (Cr,03) and Iron oxide content (Fe,O3)
Mineralogische Institut der Universitat, Basel, CH. Instrument: JEOL JXA 8600 Superprobe, Opérateur: Michael KRZEMNICKI, 07/11/1996
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3.0 — General Points

Several thousands of years before Jesus Christ, stagted imitating mineral matter by
heating steatite with addition of different saltsprder to obtain substitutes for turquoise, miaitesc
and lapis lazuli.

They have made great progress since then...
Brief review :

The first corundum synthesis Syntheses of all

(ruby) was made by M. A.  § A manufacturing processes have
Gaudin around 1837. Then, & enjoyed great success since
the end of the 1®century, N then, at the beginning for
Edmond Frémy produced = 58 E simple economic reasons, and
some syntheses by accident S g then for scientific applications
during an experimentation at g l (ex. lase), and this was

the factory of Sévre. In 1886, & * § definitely the main reason for
the first industrial production & their "explosion".

arrived on the market under
the name of "Geneva Ruby". :
Auguste Verneuil, who was | { only represent a tiny part of
Frémy's student, took interes® il : the considerable world

in this new technique and 1 R ' production.

Synthetic padparadschas

gave it the development that Auguste Verneuil in 1910 Criteria to identify the most
we know. common syntheses are

proposed below.

Synthetic ruby balls, Museum des Arts et des Seignearis



3.1 - Discussion

The syntheses of padparadscha most commonly foanthe market are, in frequency order,
fusion syntheses/érmeuil), anhydrous dissolution synthesésx} and pulling syntheseszochralsky.
Apart from the Chatham production, all synthesagehorange as a dominant colour, which
does not correspond to the standard. This is pipltate to the fact that at the time when the first
productions of orange sapphires appeaseth€ beginning of the centdrythe colour of padparadscha
was not very well understood. Indeed, the firsttgtion of the term in Western literature only dates
back to 1909Kauer May. This exotic name of a gem which contained the wordnge" in its colour
description was considered as perfectly converigrthe new variety of synthetic corundum.

In the forties, for most people, "padparadschaly aneant a synthetic orange gem. In an
advertising book of the Ruppenthal firm of Idar-@tein, there is a sales catalogue dating back to
August 18' 1938where the word padparadscha only designates ag@symthetic sapphire.

This was probably one of the reasons for th
current use of this name to describe orangey g

A, Spnthetiffe Ehelicine
1. Efhoudpierem,

similarly coloured sapphires from East Africa T T
(Tanzania, Malawi fasal ' w"*"'\::%gﬁ:é}i;: il susecen
Nowadays, apart from those produced by L ALBEIEL

1

Chatham, the syntheses proposed under th{® ;b .-
name, even though sophisticated, can very easi| 2
be differentiated from padparadschas because ¢
their orange colour. But if a simple look at these
corundum enables to distinguish them as girentir (oeoesens e e
chromatic variety, it is definitely not sufficietu Idar-Oberstein, D.

determine their synthetic nature.
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3.2 - Distinction

Beyond classic distinction methods, syntheses cHiecteely be identified through
spectroscopy in the visible domaasg can be seen from spectra 1, 3, 4, 6-9. Prodaoeiacapable
of "doping" their corundum with iron and this rerkaily characterizes the spectra. Trivalent
chromium €") does appear, but iron is generally replaced ilgglent nickel {i*"), one of whose
absorptions shows itself around 400 - 420 nm arglperposed to the chromium's absorption at
405-410 nm.

Another approach resorts to X fluorescence speetgmin order to reveal traces of gallium
(spectra 1,  This method is often used to help to recognirghgetic gemsex. alexandrite, emerald
etc). Theory says that gallium should always be pregematural gems, and absent or present in
very small quantities in syntheses. This must Iberpmeted with caution, because it can be below
the threshold of detection in a natural gem acogrth the type of analysis carried out, as can be



seen from diagram 1, or present in
synthetic gem up to 100 ppm, E. Fritsch, persong
communication, 1996 Chemical analysis with &
microprobe is very punctual, and sometim
considers an area of the stone in which there is
gallium (compare histogram 6 with spectrum 10, two methg
of analysis on the same sampl©nly fluorescence X-ray
spectrometry correctly reports the absence
presence of gallium, because it considers a volim
sample convenient for this kind of procedusge(tra
1, P and 9.

Moreover, in the case of corundum, this
method has the disadvantage of a blurred areaditdkehe contents ranging from 18 to 22 ppm,
because these are contents common to some natuwgdams {anzania and to some syntheses
(Chatham) (H.W. Schrader, U. Henn, 1985

Chatham synthetic sapphire

Cliché F. Notal
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Histogram 6

Gallium oxide content (Ga,03)
Mineralogische Institut der Universitat, Basel, CH. Instrument: JEOL JXA 8600 Superprobe, Opérateur: Michael KRZEMNICKI, 07/11/1996
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Spectrum 1

Spectrum 1

Revelation of the absence of gallium through X fegzence spectrometry
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Spectrum 2
Revelation of gallium through X fluorescence speamietry
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Spectrum 3

Padparadscha synthetic Verneuil, 3.616 ct., (E O c, polarised), réf. FN/65
300 nm/min., slit 1.0 nm, wavelenght change 325 nm, integrating sphere, polarizing filter type HNP'B, 12/08/96
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Spectrum 4

Padparadscha synthetic verneuil, referance of Dina Level, 2.978 ct., (E O c, polarisé), réf. PE/11
300 nm/min., slit 1.0 nm, wavelenght change 325 nm, integrating sphere, polarizing filter type HNP'B, 20/10/96
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Spectrum 5 (for pleasure)

orangy pink pastel glass, Padparadscha's reference from Dina Level, 1.750 ct., réf. PE/10
300 nm/min., slit 1.0 nm, wavelenght change 325 nm, integrating sphere, polarizing filter type HNP'B, 20/10/96
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Spectrum 6

Absorption relative

Czochralsky "Padparadscha”, 3.448 ct., (E ¢, polarisé), réf. FN/65
300 nm/min., slit 1.0 nm, wavelenght change 325 nm, integrating sphere, polarizing filter type HNP'B, 15/09/96
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Spectrum 7

Absorption relative

Padparadscha synthetic, Kimberley, 1.487 ct., (E O c, polarisé), réf. FN/20
300 nm/min., slit 1.0 nm, wavelenght change 325 nm, integrating sphere, polarizing filter type HNP'B, 17/09/96
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Spectrum 8

Padparadscha synthetic Inamori, 1.115 ct., (E U c, polarisé), réf. FN/19
300 nm/min., slit 1.0 nm, wavelenght change 325 nm, integrating sphere, polarizing filter type HNP'B, 12/09/96
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Spectrum 9

Padparadscha synthétique Chatam,1.100 ct., (E [ c, polarisé), réf. FN/18
300 nm/min., slit 1.0 nm, wavelenght change 325 nm, integrating sphere, polarizing filter type HNP'B, 20/09/96
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4.0 - General Points

More and more treated padparadschas can be fouBd iLanka. They are either simply
thermally treated or irradiated. The majority i®nhnally treated, at "best" through the ancestral
technique of Bata-Kubald@ or Blow Pipe. The forced air heating techniqueéhwbellows nore
recently with a hair-dryer)..enabling to reach 1600°C &ir and lignitg is rather reserved for other colours
of corundum. Different combustible ingredients anethods are used to obtain good conditions of
temperature and oxidation, according to the expegtals.

Blow Pipe:

The officiant pokes the embers w
a ppe. The poked area is precise
that the heat to which the gem
subjected can be measured. -~
work necessitates much regula
that is why the man has a watct
his hand enabling him to control 1
heating time without usele
movements. The gem treatment i
a star ruby. After two hours
treatment, the colour of this ru
will have gained in purity aft
softening of a blue note that ge
the gem a purplish shade.

In the past some stones were sent to Thailand teebted in modern furnaces, and then they
were sent back to Sri Lanka where they were negotisAround 1980, traditional furn8&&s B8gan to
be modified with pure oxygen supply systems. Sexoeind 1985, high-performance furnaces have
been manufactured in Sri Lanka.

The amount of irradiated padparadschas is alsodgress because it is very easy to have
access to medical X-ray installations, which ar#igant to obtain the expected effect. Indeed,
radiography equipment commonly develop a tensichO6f kv] and yellow coloured centres can be
provoked in corundum from 15 to 2&/] (Prof. H. Bill, personal communicatipn



4.1 — The Blow Pipe "Low Temperature" Thermal Tnesxt

This treatment has been in use for a Iong timeerdhs already a reference to it at the
beginning of our millennium{ AL-BIRUNI, ABURAYHAN MUHAMMED IBN AHMED (= 1000), Kitab al-jamahir fi
ma'rifat al-jawahir ( Book of knowledge of precios®nes) It was practised with very simple equipment
consisting mainly in a small hearth made of bakky,copen, containing charcoal poked by an
officiant blowing into a bamboo (howadays a meipkp It is definitely the first technique used by
man in order to modify the colour of gems.

Originally this treatment was used to soften the areas giving Photo 2
a purple tonality to rubies and pink sapphires1§o0°C in oxidizing

environment {Fe?** _ Fe”*, which hides the charge transfer?FeTi*?}, if the
quantities of F& released are not too considerable, they will maehany significant

influence on the coloyr

Nowadays, the softening of blue areas is stilldapas regards |
to padparadschas, furthermore with the possibiityreinforcing a

yellow touch sometimes almost invisible at thetsa1600°C in oxidizing
environment (it is necessary to use lignite as foebe able to obtain such a high

temperature with a blow pipe; this technique iglsaemployed for padparadschhs)
which gives the aspect of a padparadscha to agapkhire. It should |
be noticed that the presence of a blue area indpgpadscha is n ‘
guarantee of the absence of a treatment becaule great majority of =S e Eo
cases, that area has only been softened.

The temperatures obtained with the Blow Pipe ntkttaen exceed 1'000° C. The heating
time of corundum can vary from 2 to 48 hourshén several officiants take tujnaccording to the type
of sapphire and the intensity of the blue area laatto be treated. More precisely, padparadschas
are generally treated over periods of 2 to 4-5 siour

At the moment, this heating technique for coruncatmelatively low temperatures
and sometimes over a long period of time is quiticdlt to reveal clearly, whatever the means
used ipfrared imagery(Fjordgreen, 1986 UV-visible spectroscopy, observation with uliidet, macroscopic and
microscopic etq.

Most classic solid inclusions of Sri Lankan sapgdihave a melting point superior to
1'100°C fhe inclusion with the lowest melting point is pggs: 1'170°¢, which is above the temperatures
generally reached by this method. Detection of Bl&ipe treatment through microscopic
examination can only be convincing in the preseoicenclusions sufficiently big and/or having

such a coefficient of expansion that they will gaete the characteristic fractures:(liquid CQ, of
quite large dimensions, because it seems that xpansion of very small-sized diphases cannot bitbakstone's

plating). This case is rare among padparadschas treatbis way.



The numerous variations in the physical and chdnmature of corundum, and the diverse
methods available to treat them thermally, makesiy complicated to understand the mechanisms
generated by these treatments.

Moreover, for these reasons and for protectiorknbtv how", the information published so
far is incomplete and does not enable to cleartjude the heating methods used.

The "mild"(= 1000°C) heating technique is still favoured todagpphires corresponding to
padparadschas of good quality in the eyes of Stkaas are treated on the spot with blow pipes,
never in powerful furnaces.

On the other hand, great quantities of pink sagshaf poor to medium quality are heated
more vigorously in modern furnaces. Before 198@séhstones were sent to Thailand for this
purpose. Between 1980 and 1985, modified furnasdsvadern equipment have permitted to heat
these sapphires intensely on the island and thishHeeffect of spreading them on the local market.

Nowadays the trade of padparadschas of good ardduglity resolutely turns to foreign
countries i decreasing order Japan, Switzerland and theedrtatey wWhere the vigilance of laboratories
encourages Sri-Lankan merchants to send untretiedssonly, insofar as they are in a position to
know if they are treated or not.

The great majority of those important gems is sddcbad. As a result it is very difficult to
find good padparadschas on the local market. Ifvegngts to buy a beautiful untreated padparadscha
in Sri Lanka, they will have to go to an importamérchant and try to negotiate a gem just before it
is sent abroad.

4.1.1 — How to Reveal Low Temperature Thermal Tneslt

The various analyses carried out during this walrkw that it is still impossible to reveal the
blow pipe thermal treatment of padparadschas waatifiable and well definite way today.

It is useful to recall that this heating technigsienly intended to improve a gem that already has
all the physical and chemical characteristics gadparadscha, whereas high temperature heating
creates a padparadscha from another sapphirendtanice a pink sapphire). Blow pipe treatment
usually only generates minor quantitative modifmas of the absorptions.

The blue colour zonings, which are the main ainthed treatment, are generally only softened.
The release of Béis weak and only slightly increases the absorgtiofi the charge transfer
Fe*/O* at 388 [nm] and of the pair transition®H#&e*" at 377 and 450 [nm], which are already
present in unheated padparadschas.

At these temperatures small inclusions usuallyatenintact, and so do small diphases,CO
gas/liquid.

Only the stress of big inclusions or big diphaaes convincing, but low-quality padparadschas
are not treated with blow pipes but at high temfoees in modern furnaces.

The coloured centres of the original habit wilfidiely be revealing. One day...

4.1.2 - How to Reveal High Temperature Thermal fimeat

Spectroscopy should be a tool.

It is sometimes possible to detect the heatin@ploé sapphires from Sri Lanka coming from
"Geudas" in spectroscopy, working on the assumpti@at thermal treatment, because of the
presence of titanium in rutile (TK) generates a certain quantity of Faccording to the principle:



TiO, + (AI¥, F€"),0; - (AI*, Ti**, F€),05, favouring the transfer of charge®fFe- Ti**, and
drastically decreasing the absorptions of tranBsé/Fe’* at 870 [nm], as well as the absorptions of
the transfer of charges of #4° at 388 [nm] and of the transition of pairee’* at 377 and 450
[n m]. (Schmetzer Karl, Kiefert Lore, (199 pectroscopic Evidence for Heat Treatment of BlygpBire from Sri-Lanka - Additional Datd.
Gemm., Vol. XXIl, N° 2, pp 80-8)2.

"Padparadschas” heated at high temperatures aeealjg detectable. Indeed, the transformation
of F&* (coming from interstitial F&, from the resorption of inclusions (hematileFe,0;), and released during
transfer F&/Ti*") into FE™ significantly increases absorptions of the transfecharges of F&/O? at
388 [nm] and of the pair transition ¥4€** at 377 and 450 [nm]). The spectrum of sapphires
treated in this way shows a filling of the vallggrading between the two absorptions of the simple
transition of Ct* at 405-410 and at 554 [nm], and the discreet ahpeak of absorption EéFe™
at 450 [nm] disappears, leaving space for a widk a@msiderable absorptioseé¢ diagrams 1 ang.2
Schmetzer, Bossahrt and Hanni already noticednhE®83, and centred this wide absorption band,
which they also attributed to Fe at 465 [nm]. This intensification is very spectiac on their
spectra of yellow sapphireGee picture 2, below As regards padparadschagy [nm) the two
absorptions of Cf at 405-410 and at 554 [nm] are on either sidehef area. Therefore, this
modification of the absorption of iron can be lessily perceptible in specimens where the pink
touch is relatively saturated. But in some casgscinens originally containing much’He the absorption
of Cr** at 554 [nm] can nearly be hidden by the incredgheotrivalent iron absorptiorsde diagrams
1 and 3.

Diagram 1

wavelenth in nm
350 400 500 600 7?0
t t t t g -

extinction

&

Schmetzer K., Bossahrt G., Hanni H. A., (198®&turally coloured
and treated yellow and orange-brown sapphiksGemm., vol. XVIII, ; | t

N° 7, p. 619 30 25 20 15

wavenumber in 1000 cm-!

FIG. 12, Absorption spectra of treated yellow, yellow-orange and orange-brown sapphires: (ab.c) anncaled
corundums, (d) sample b additionally irradiated, (e.) originally pale vellow, irradiated corundums from Sri
Lanka




Spectrum 1

Induced light saturation on a Padparadscha , cheat treated in Thailande, 1.360 ct., (E O c, polarisé), réf.

FN/11
08 300 nm/min., slit 1.0 nm, wavelenght change 325 nm, integrating sphere, polarizing filter type HNP'B, 10/09/96
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Spectrum 2

Padparadscha "original", very light saturation, Sri-lanka, 2.125 ct., (E O c, polarisé), réf. PE/08
300 nm/min., slit 1.0 nm, wavelenght change 325 nm, integrating sphere, polarizing filter type HNP'B, 19/10/96
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Spectrum 3

orange sapphire, heat treated, Sri-lanka, 1.480 ct., (E O c, polarisé), réf. PE/15
300 nm/min., slit 1.0 nm, wavelenght change 325 nm, integrating sphere, polarizing filter type HNP'B, 10/09/96
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4.2 - Irradiation

There have been installations used to "improvéiowesapphires through irradiation in Sri
Lanka since 1975. In 1978, people started to usetto turn pink sapphires into Padparadschas.
The treatments' ratehérmal and irradiation, sometimes both at the stime) has increased over the last
decade and put eight times as much as the initimlyztion on the market! On the other hand, the
quantity of untreated Padparadschas on the locdenhas singularly fallen for two reasons:

- Big untreated gems are negotiated abroad wieste in laboratories encourage merchants
to "play the game".

- Small and medium gems which are too pink, algfoalready of a correct colour, are
treated in the hope of improving them even so.

4.2.1 — How to Reveal Irradiation

The irradiation of sapphires in order to obtairadparadschas” is clearly revealed in
spectroscopy, as can be seen from diagrams 4 andeSmodification of the absorption curve is
similar to the one found in specimens heated dt tegperatures.

After decolouration through UV or Nassau's "fadiegt”, the absorption decreases, but there
is still a "flattening” of the spectrunsee spectrum)3 Non decoloured stones show a spectacular
increase of absorption of the pair transitiof'#d=€"* at 450 nm gpectrum ¥.



Spectrum 4

"Padparadscha" irradiated, bleached, 3.411 ct., (E U c, polarisé), réf. PE/09
300 nm/min., slit 1.0 nm, wavelenght change 325 nm, integrating sphere, polarizing filter type HNP'B, 20/09/96
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Spectrum 5
"Padparadscha” irradiated, vivid orange, 0.937 ct., (E O c, polarisé), réf. PE/03
300 nm/min., slit 1.0 nm, wavelenght change 325 nm, integrating sphere, polarizing filter type HNP'B, 20/10/96
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4.3 - Solarisation

Report of a solarisation mechanism in a padparadsch

While we were visiting Sri Lanka merchants toldthat some gems sent to Japan were retd
decoloured and marked "treated". To hear themitallas sufficient then to expose these stones mtight
on a mirror to see them take their initial coloack after a few hours...

Back to Europe, Mr Pascal Entremont had the pdagilif repeating this "operation” on a §
carats "antique colour" padparadscinef. (PE/0) which had considerably lightened over a dozerrs

storage in the dark. After a one afternoon expogusanlight it had taken its original colour ba&k there

rned

4
ea

D

is a solarisation mechanism in padparadscha. Unfatély the modification has not been quantified,

because the operator was incredulous and condtiitedxperiment without really believing it woulcbwk.
This being said, his incredulity and the fact tRascal Entremont is a very experienced gemmoltaase
no doubt about the phenomenon's reality.

We have supposed that an irradiation treatmentdcbale modified the gem's "fiinto Ti¥* It is
known that T{', in corundum, from a concentration of 20 ppm, gemerate a pink touch when it
subjected to soft X rays or even UV.

This phenomenon has been noticed on watch glassele mf synthetic sapphire polluted
titanium. During the process of makinge(y reduciny, Ti*" can transform into 1. The mentioned glass
turned slightly pink with timeHans Bill, 1992, personal communicatjon

Although this padparadschlg/07) did not have the characteristic spectrum of adiated ston
(spectrum ¥, we have made a spectrum subtracting # Jignal examplespectrum § established from
sample kindly provided by the Djevahirdjian firm Monthey, Switzerland. The result was not re

S
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a
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convincing. So far we do not have any acceptaljda@ation to describe this mechanism.

Spectrum 6
Padparadscha irradiated, réf. PE/O3, = ¢ , Spectres comparatifs apres soustraction
de I'absorption de Tit? (échantillon réf. FN48-a). (Baseline system)
300 nm/min., slit 1.0 nm, Wavelenght change 325 nm, integrating sphere, 14/10/96
— Spectre apres soustraction du titane
31t
— Spectre base
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Spectrum 7

Padparadscha, habitus original, Sri-lanka, 5.756 ct., (E 0 c, polarisé), réf. PE/01
300 nm/min., slit 1.0 nm, wavelenght change 325 nm, integrating sphere, polarizing filter type HNP'B, 10/09/96
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Diagram 3

Proportion statistic of treated stones:

100 pierres/an

m Padparadschas non traités
rencontrés sur le marché sri-
lankai par le First Gem Testing
Laboratory de Colombo

20 a 40 p./an

10 a 15 p./an

1975 1980 1985 1990

1980 1985 1990 1995

10001 N W Pénétration du marché
4002800 p./an sri-lankais par les
Padparadschas traités

300 a 500 p./an

30 a 60 pierres/an

1982 4 1985 1985 & 1990 1990 & 1995

Information: Mr Leslie J. Punchihewa, manager ef Brst Gem Testing Laboratory of Colombo.



Two thousand years ago, 0
the island of Ceylon, men
separated, from the thousands ¢
sapphires that they extracted fro
the ground, a variety whose colou
had an exceptional quality in thei
eyes. At the time, spectral analyses
X-ray fluorescence and the Rama
microprobe did not exist. Only the
way people looked at the world
made them perceive the differencq
They projected their poetry and
their sense of beauty in this gem
They integrated it into the gpanka: monsoon
aesthetics of their culture and passed it on anghtait to us. According to me, this gives them a
kind of moral property on Padparadscha, becausenivt certain that we would have been able to
invent it without them.

5.0 - General Points

It is generally admitted in gemmological circleglay that padparadschas are native to Sri
Lanka and that this origin is one of the concemiimiponents. But taking into account the origin in
the definition of padparadscha implies that it bardetermined with reliability. As a matter of fact
several deposits produce sapphires of similar eslou

Laboratories base their selves on inclusions stundlyuse spectroscopy and chemical analysis
in order to define the depositary characteristica oorundum and give a verdict on its origin. We
will try to propose some additional markensigfes Richard W. et al.., 1988

As there is no deposit producing sapphires comgiil the characteristics of padparadscha
(absorption spectrum, chemical composition, inclusjdabit, blue colour zoning characteristics, taffise habit sensu
stricto, traditional gemmological analysis and eggiéy colour) to our knowledge, the parameters defining the
identity of a padparadscha also characterize thkea®kan origin.

Deposits where sapphires of colours close to thpadparadscha have been found:
SOUTH AFRICA, Namagualand; MYANMAR, Mogok; COLOMBIA, Meaderes; INDIA, Orissa; KENYA, Chania River, Mangari
Swamp; MADAGASCAR, unknown deposit; MALAWI, ChimwadzuHill;, TANZANIA, Umba Valley; VIET NAM; USA, Yogo,
Rock Creek, Granite Co, etc.




5.1 - Deposits (Sri Lanka)

The deposits from where Padparadschas are extraptesituated in a granulitic facies area
encompassing the central and southern part of ileld&hds group and the south-west group. They
are in a geostructural domain determined by asiotii context.

The strong general metamorphissatézongl is 1'150 to 3'000 million years old.

5.1.1 — Secondary Deposits

These depositssde map are made up of eluviabroducts stemming from a soil's leachinghd
alluvial (rivers' and lakes' sedimentgsidue and residifaleposits divided into three main poles: the
regions of Ratnapura, Elahera and Buttala. The gbetause of their density, are collected in the
basic layers, at the bed-rock levekky bed covered with alluviumjT'his gravel containing gemstones is
called ‘lllam™.

- The Ratnapura region comprises mainly eluviglodés, made up of residual sediments and
gravel, containing uneroded rock fragments. Thssdee is inserted between layers of sand, clay
and lateritic beds.

- North of the massif, in the Elahera region, éxploited deposits are as much alluvial as
eluvial.

- South-west of the massif, the Buttala region poses essentially alluvial deposits.
These detrital deposits formed in fluvial and ERlenvironment through erosion processes
more active than those of biorhexistagigration and destruction of soils in relatioittvthe variations of the

vegetable cover)They stemmed from cordierite gneiss, which apgéreome from pelitesvéry thin-
grained sedimentary detrital rockich in alumina . Munasinghe & C.B. Dissanayake, 1981

5.1.2 — Primary Deposits

Primary deposits in which Padparadschas can bedfate made up of granulites, orthogneiss
(garnetfgneiss, garnet-sillimanite-biotite gngisand charnockites in decreasing order of corundantent.

Charnockite$ and granulites were apparently produced througtamerphism of volcanic
rocks, assuming that charnockites are of magmatmo

These deposits are hardly exploitable, their pcodn is almost non-existent as regards
padparadschas and it is excessively rare to fireHf' rough stones.

2 Formations whose materials which have remainethéospot proceed from the alteration of preexistiocks having lost a great part of their
constituents through dissolution

3 (dedicated to Charnock, founder of Calcutta): Matiecneock with a granite or gneissic granite faci®@se origin of charnockites is subject to
discussions, for some people they are magmaticefstipenes granites), for others they stem fromzoa&l metamorphism with the same
paragenesis as granulites (from which they diffestructure).



Diagram 1

Main padparadscha extraction areas

[0 The three main padparadschi
extraction areas

Highland group

/—

F. Notari, d'aprés C.B. Dissanayake & M.S. Rupdsing



5.2.0 - Distinction between the Origins Sri Lankgakt Africa

The great quantity of sapphires from East Afridanpa Valley) put on the market under the
name "Padparadscha" or "African Padparadschaifigssthe existence of this table.

Less numerous, but also incorrectly called padjsataas, orange sapphires from Malawi have
similar features to sapphires from Umba.

Table 2

Criteria

Sri Lanka

Umba Valley

Colour

Pastel orangey pink (see 2,2), often with an extens
towards pink.

Orangey pink, always with a brownish under-hue,civhi
is inversely proportional to the intensity of rattacan
disappear completely in rubies. Tendency to extend
towards brownish orange or orangey brownish red-pirf

Chemistry

See 2.3.1

Globally much higher B©; content. In spectroscopy, a
considerable absorption due to a pair transitict/Fe’*
appears at 450 [nm] (see spectra chapter 2 agdadisb
below)

Inclusions

Depending on the habit, usual inclusions of Srikaam
corundum. (see 4.1)

Very few polysynthetic twin planes, the rare exomm
are generally turned only to one of the three dives.
Blue colour zonings oriented along the bipyramitles
(1123 (at 20,1° of axis "c") (see diagram 4).

The high iron content (diagram 5) is often revealed
through the presence of groups of lepidocrocitstaty
(y-FE**O(OH) in thin elongated hexagonal plaques,
orange in diascopy (photographs 4"). Presence of
polycrystalline béhmite in sticks (AIOOH) positiathe
according to the twin planes intersections (phapbs
5"). During heating, fractures develop from thetseks.
(These two inclusions are unknown in padparadschas
Generally few rutile bristles, or of very small
granulometry. Frequent corroded zircon crystalsgroin
groups. Polysynthetic twin planes turned to two,
sometimes three directions of the rhombohedroret, it
(1013 very frequent (photographsand diagram 4
below). Blue colour zonings never observed by ththay
in specimens of similar colour of Padparadschas.

Aspect of
rough stone

Most rough stones come from secondary depositssmng
5"eroded / tumbled". When they are full of their sba
they are hexagonal bipyramids.

I Trade rough stones generally have no visible diysta
habit (they are broken). Crystals are usually prigma
tabular, with the rhombohedron's twin planes liwed
visible on the basal pinacoid's sides.

A less coloured core, "prismatic" hexagonal, patad
axis "c", is often visible.

Coloured Coloured centres patrticipating in the yellow tou€lthe | No coloured centres participating in the yellowdou
centres native habit.

Refractive | (€) generally comprised between 1.760 and 1.761 @i)d (€) from 1.760 to 1.768, (the majority is situatedvieen
index between 1.768 and 1.769 (almost 90% at 1.769) r@iag 1.764 and 1.766), an@dJ) from.768 to 1.769. (see

2bi5)_

In most cases birefringence is of 0.008. (diagr&f 2

diagram 29).
In most cases birefringence is of 0.009. (diagr&h 2

Fluorescencs

Native habit:

365nm: marked to medium, apricot, pinkish apricot.
253.7nm: medium to slight, ochrous apricot, pinkish
apricot.

Other habits:

365nm: marked to medium, red, pinkish red, orarrgdy
253.7nm: medium to slight, same colours.

365nm: very slightly red, sometimes inert.
253.7nm: inert, exceptionally very slightly red.




Refractive Index and Birefringence:

These measurements have been taken by two openaittra ROS Gem Optic refractometer fitted

out with a polarizer, and monochromatic sodium tiiglp Three series of sapphires have been
considered: one series of fifteen padparadschaes,series of thirteen sapphires from the Umba
Valley, and one series of seven synthetic padpehadsof different origins. The gems had been

chosen at random, before their measurements warn.ta

The refractive index is globally higher in sappkifeom the Umba Valley than in padparadschas. llthei noticed that the index of padparadschas'
ordinary ray is very constant (1.769), only two cipeens out of fifteen varyane below (1.768), one above (1.774hereas in Umba

sapphires, the ordinary index is variable and prtssgix different values for a number of sampléderior to padparadschas’.

On average the birefringence of padparadschas tertsslower than Umba’s sapphires, but this feaisinot determining.

Sample € w | Birefringence| Material
PE/16 1.761 1.769 0.008 Native Padparadscha
FN/08 1.760 1.769 0.009 Native Padparadscha
FN/02 1.761 1.769 0.008 Native Padparadscha
PE/01 1.760 1.769 0.008 Native Padparadscha
PE/12 1.761 1.769 0.008 Antique Colour Padparadscha
FN/03 1.761 1.769 0.008 Antique Colour Padparadscha
PE/09 1.760 1.768 0.008 Native Padparadscha
FN/13 1.765 1.774 0.009 Native Padparadscha
CJ/02 1.761 1.769 0.008 Native Padparadscha
HH/01 1.761 1.769 0.008 Antique Colour Padparadscha
FN/01 1.761 1.769 0.008 Native Padparadscha
PE/02 1.760 1.769 0.009 Antique Colour Padparadscha
PE/09 1.761 1.769 0.008 Irradiated decoloured Padgaha
PE/03 1.760 1.769 0.009 Irradiated orange Padpeinads
FN/11 1.761 1.769 0.009 Induced Padparadscha (eigherature heating)
WM/09 1.765 1.774 0.009 Orange-brown Umba Sapphire
FN/86 1.766 1.774 0.008 Strong brownish orangeyherba Sapphire
FN/87 1.766 1.774 0.008 Strong brownish orangeyhedba Sapphire
FN/89 1.766 1.775 0.009 Strong brownish orangeyherdba Sapphire
FN/84 1.764 1.773 0.009 Strong pinkish red Umbap8ap, slightly orangey
WM/10 1.764 1.773 0.009 Brownish orangey red Umapdhire
FN/85 1.766 1.775 0.009 Strong purplish red Umbap8ae
WM/08 1.768 1.777 0.009 Strong orangey pink Umbap&ae
WM/01 1.768 1.776 0.008 Pinkish orange Umba Sappbklightly brownish
WM/05 1.760 1.769 0.008 Medium orangey pink UmbppBére
FN/38 1.764 1.773 0.009 Light pink Umba Sapphirnghw light brown underhue
FN/40 1.764 1.773 0.009 Brownish orangey pink UrSbaphire
WM/06 1.766 1.775 0.009 Orangey pink Umba Sapphiggy slightly brownish
FN/18 1.761 1.769 0.008 Orangey pink Chatam syitthet
FN/19 1.760 1.768 0.008 Orange Inamori synthe8801
FN/20 1.761 1.769 0.008 Orange Kimberley synthetic
FN/44 1.761 1.769 0.008 Orange Inamori synthe8861
FN/64 1.761 1.769 0.008 Brownish orange Czochraighthetic
PE/11 1.761 1.769 0.008 Orangey pink Verneuil sgtith
FN/65 1.761 1.769 0.008 Orange Verneuil synthetic




Diagram '

Indices de réfraction comparés entre trois populations de saphirs:
Padparadschas: de PE/16 a FN/11; Saphirs de 'Umba: de WM/09 a WM/06; Synthétiques variés: de FN/18 a FN/65
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Diagram &'

Biréfringences comparées entre trois populations de saphirs
Padparadschas: de PE/16 a FN/11; Saphirs de 'Umba: de WM/09 a WM/06; Synthétiques variés: de FN/18 a FN/65

Synthéses
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Iron Content:

In sapphires from the Umba Valley, the iron contean be up to ten times superior to
padparadschas’. It can be seen on this graphtiaed ts no relation between the values of the iron
contents and those of the other elements considered

Variabilité des teneurs

Hcr203
BGa203
Ov203
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OFe203
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o
<
=
(]

0
FN/10

Graph 2
Histogram 5
Teneur en oxyde de fer (Fe,O3)
Mineralogische Institut der Universitat, Basel, CH. Instrument: JEOL JXA 8600 Superprobe, Opérateur: Michael KRZEMNICKI, 07/11/1996
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The high iron content found in Umba sapphires drpléhe frequent presence of "lepidocrocite”
inclusions ¢-Fe**O(OH), which are never found in padparadschas.

Photograph 4 . . :
Lepidocrocite crystals, Umba sapphire

B - T
e :
- *_,\ Z ",“b/-&/ &

Photograph % Lepidocrocite crystals, Umba sapphire
Diagram 6
Published chemical analyses of trace elementsimzdraan corundums, oxides, in % of weight.

Sample Mn Ti Fe Cr V
pale brown 0.51 0.0046| <0.001] <0.0001 <0.001
pale brown 0.08 0.0360| <0.001] <0.0001 <0.0Q01
yellow? 0.09 0.0050 1.80 0.000¢ 0.009
dark pink® 0.33 0.0060 0.250 0.0170 0.00
dark pink® 0.19 0.0110 0.060 0.0090 0.00
dark pink® 0.02 0.0030 0.190 0.0006 0.03
dark pink® 0.12 0.0070 0.050 0.0004 0.01
dark pink® 0.11 0.0080 0.270 0.0070 0.00
dark pink® 0.15 0.0070 0.530 0.0011 0.00
reddish browh - n.d. 1.10 0.12 n.d.
reddish browh - 0.36 1.10 0.13 n.d.
reddish browh - 0.03 1.53 0.09 n.d.
reddish browh - 0.03 1.62 n.d. n.d,
red -- 0.006 0.05 0.03 n.d.
purplé - 0.009 0.1 0.04 0.002
bluisH -- 0.006 0.6 0.014 n.d.
yellow-greefi - 0.006 0.5 0.007 n.d.
greenishi -- 0.009 0.4 0.002 n.d.

& Garcia-Gimenez R. & Leguey S., 1990, (atomic absmmppectroscopy).
® Gunawardene Mahinda, 1984, (microprobe, Basel).
©Harder H., 1969, (Fluorescence X).



5.2.1 Colour Zonings: Umba / Sri Lanka

The crystalline habitsénsu strictp of sapphires from the Umba Valley is prismatixdgonal
or tabular hexagonal. The rare colour zonings taat be found in themcdlour zonings sometimes
including blue or colour zonings composed of xemodfit inclusions of small granulomejryare positioned
parallel to the prism's sidg$129 . During microscopic examination of cut gems, thglarmf these
colour zonings in relation to axis "c" or to polyslyetic twin planes is revealing. They will be
parallel to axis "c", and form an angle of 32,4thwihe twin planes. There are no colour zonings
parallel to the basal pinaco{doo) as inMadagascarsge photograph)8

Blue colour zonings in padparadscha

Photograph 1

Photograph 2




5.2.2 Nature of the Blue Colour Zonings in Padpschds:

Diagram 3

The blue colour zonings of padparadschas are alvpagitioned at —
20,1° of axis "c" or 12,3° of the eventual twin mds. Indeed, padparadscha ."'Iﬂ
only come from one type of crystal which is a hexa bipyramid with its [ 1\

sides orientated in112) when completed, whereas one can find as ma | |
crystals completed in bipyramids with their sidesemtated in (1129 as
in(2243)in Sri Lanka. Nevertheless we have noticed thasame samples
colour zonings showed both orientations in relatmaxis "c". In these cases . ]
it appears that the crystal's "core" is formed difiyramid with its sides in \e| 2 [
(2243, and that the crystal becomes a bipyramid wittsities orientated in
(1123 simultaneously with the appearance of blue cofmmings. The stage Il
where the sides are orientated (@249 sometimes shows an alternation @ ‘,
numerous and "closely woven" very thin pink andoyelzonings that the
stage in (1129 does not posses3his state of the colour zonings either
represents rapid alternations in the supply of miwgenic components (Fe, Cr) or alternations in the
crystal's capacity to fix such or such elementabse of the crystal's own capacities or because of
variations in the environment conditions. This aof nature of the chromogenic elements, which
corresponds to the blue colour zonings (€rTi), does not seem to justify such a modificatain

the crystalline structure.

D'aprés K. Schmetzer

Two hypotheses remain:

a) This change of crystalline habit may correspémda modification of the global or partial
environment conditions (pressure, temperature, tir@peed, etc.), which would be directly (cause
or effect) or indirectly linked to the Ti supplyh&se modifications may have a direct influence on
the crystalline growth.

b) There may exist, for a given environment, atit@l" size from which the crystal would change
habit. The stage1129 would then correspond to a "seed" state. This Hhgsi$ could be supported
by the fact that we do not remember seeing anyblpgramidal crystals with sides orientated in
(2243 in Sri Lankaon the contrary big crystals always had faceda iy .

Photoaraph 18

The FN/04 sample is the most representative of t
change of habit. It was technically impossibleaket

a picture of the orientation in112) because the
"core" colour zonings, which were of a very ligh
saturation, could not be seen on the film. The depy
kept in the author's archives.

These differences of orientations have been revealed, thank to a Wild
M9 (Wild = Leica today) binocular, light source (100[w]) Nossigem with a
Sortoscope SC-W-200 base and a SC-P-70 diffusing plate. Wild
polarizer on the microscope's body and Nossigem polarizer on the base.
Gems placed in vertical immersion, in isopropylene.

Cliché F. Notari



Considerations on the rhombohedron:

The corundum's rhombohedron interests us for twasaes. Firstly, it arranges directly the
orientation of the polysynthetic twin planes, aedandly, the junction of these twin planes defines

the orientation of polycristalline bohmite inclusgo(AIOOH).

These two characteristics are remarkable, becawee gresence is an indication of the Umba
origin. Indeed, padparadschas almost never haysyahetic twin planes, and when they do, these
planes only present one orientation. As for bohnitiie never found in padparadschas.

Position of the Rhombohedron in a Bipyramidal Colwm Crystal:

Diagram 4

Angle * / axe c:

\ .. (0001)
Rhomboedre positif:

. 32.4°

c: 90.0°

Bipyramide hexagonale:
w: 20.1°
c: 90.0°

w = (1121)

r=(1011)
¢ = (0001)

F. Notari, 1996




Polycristalline Twin Planes:

Photograph (oX Polysynthetic twins planes, Umba sapphire

Clichés F. Nota

Photograph '8 Polysynthetic twins planes, Umba sapphire

Clichés F. Nota

Photograph 8" Polysynthetic twins planes, Umba ruby

Clichés F Nonta



Bohmite:
Photograph %°

Clichés F. Nota

Photograph 5

Photograph &

Blue Colour




In Madagascar there are sapphires with a colowedo padparadschas’ and showing a blue colour
zoning. However, in these sapphires, the colourirgpms parallel to the basal pinacoid, i.e.
perpendicular to axis "c". This orientation is uakm in padparadschas.

Photograph 8

Madagascar sapphire showing blue colour zonpagasllel to the basal pinacoid.

Clichés F. Nota



6.0 — General Points

The inclusions found in padparadschas are the sanreall Sri-Lankan corundum. Sri Lanka
probably presents one of the greatest varietiesmidum inclusions among the deposits known.

Following the usual gemmological approach, they ba classified into three categories:
protogenetic, syngenetic and epigenetic. This iieason, which is very useful in some cases,
must be relativized. Indeed, individual cases carobserved in petrogenesis mechanisms, which
guite often make that such or such inclusion dag¢salong to the category to which it is supposed
to belong.

Photograph 1

Healing crystallizations, recent fracjrgaps containing mother solution and &'#§ri-f&dtmineral
in beige sticks.



6.1 - Protogenetic Inclusions

Solid inclusions which were formed before the lgesh and were imprisoned in it during its
growth.

Diagram 1

Protogenetic inclusion in metamorphic or magmewistext, confusions:

. a‘_ ‘

Protogenetic

Sapphire crystala) integrating a crystal of another specids |(
during its growth. Mineral i) is considered as a protogengtic
inclusion, since it was already formed (1) wheneadeping @) (2-3-
4) absorbed it.

1 2 3 4
b

Confusion
If the inclusion had been positioned accordinghe geometricd

a structure of the host crystad)( we could have been faced with |an
epitaxitic placing (2). Then the inclusion could vha beer|
syngenetic as it may have formed during the hogtals growth
(although over a shorter period), during a momeritaterruption of
growth. This type of inclusion (Frasl inclusion)pfies a similarityf
between the crystal lattices of the two protagsniabd thus reduces
the field of investigations of the observer atteémptto identify it
visually.

1 2 3

F. Notari, 1996

6.2 — Syngenetic Inclusions:

Inclusions which were formed at the same time las host gem: all remarkable
characteristics due to growth effects. Fluid ansegas inclusions also belong to this category and
are divided into two sub-categories:

- Primary inclusions, contained in negative crgstare liquids and gas imprisoned during the
gem's formation.

- Secondary inclusions are fractures filled witbvgth solution and partly healed.
According to some authors, they are comparabépigenetic inclusions.



Diagram 2

Syngenetic Inclusion

Colour zonings positioned according to the
bipyramids' sides, in112), (2249 and(2243,
(for the crystalline habits sensu stricto found i [S
Lanka. These colour zonings are due to a
concentration of chromogenic agents | or
xenospecific inclusions, of fine granulometry.

F. Notari, 1996

6.2.1 — Primary Syngenetic Inclusions

Diagram 2'
Primary Syngenetic Inclusions:

@ Negative crystal containing G@n liquid
(pink) and gaseous (white) phase.

F. Notari, 1996

Example: diphase CO

Negative hexagonal
|tabular crystals.

Diphase liquid/gaseous GOinclusions are frequently found
padparadschas, as in all Sri-Lankan corundums. €aeybe found in negativ[#
crystals of two types: hexagonal tabular and iralgexal bipyramids. They cajis
be used during microscopic examination to giveraigeon the possibility of g%
thermal treatment, as theory has it that the poesaf such a diphase is
reliable indication proving the absence of heaireg 3.).

CO; is a gas with a vigorous behaviour. Its critidarimal points are -
56,6°C for the change from the liquid to the sdidte, and +31,1°C for the change from the
gaseous to the liquid state. Its coefficient ofangion is about thirty times superior to that ofeva
This last point is particularly important for gemiogists. Indeed, the observation of two-phases
with powerful lightings entails making sure thae them is not overheated so that the two-phases
does not disappear under the effect of the ligindsp's expansion. Thus it is advisable to rapidly
carry out the observations. By the way it should nm¢ed that Sri-Lankan summery thermal
conditions are often sufficient to make &®@o-phases disappear.

Beside CQ, this negative crystal also contains a graphiystat visible on the left, diaspore
crystals, one or more sulphur crystals invisibletlo@ pictures at the bottom and a rutile crystal in



thin stick. The nature of the fluid and solids wdsentified thank to Raman spectroscopy at the
Swiss Gemmological Institute's laboratory in Bgsed Raman spectrum N§. 1

Photograph 2

2-phase Inclusion

gréphité

o

E. -

Cliché F. Notari

A vehement two-phases:

The following series of photographs illustrates tuick retraction of the two-phases of a°CO
liquid/gaseous diphase, until it disappears coreplett is a negative crystal of hexagonal tabular
type oriented in the basal plane.

Photographs 3










6.2.2 — Secondary Syngenetic Inclusions

Diagram 3:

1 - Afissure in the crystal traps the mother-8otu

2 — Healing starts, thanks to the constituent risteprovided by the
mother-solution. In the fissure's narrowest areti®e process oOf
reconstruction begins and creates lagoon or démdtituctures which
have a tendency to form compartments.

3 - The fissure is clearly partitioned and impnisahe solution. A still
shapeless canvas of gaps is outlined.

4 - Gaps finish filling in reproducing the hosiystal's structure. Som
will form negative (i.e.empty) crystals, othersIvidrm positive (i.e.full) -
crystals, according to the quantity of constitumaterials provided by the 4 | .~
mother-solution and to the dimension of the gafflito L

N 00 o

0 4ol 0500 O" O”
00, o
00 Oooa O@?O% °e°g

in J.-P. Chalain 1992, d'apres Roedder, 1962
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This type of inclusionwil, butterfly wing makes it possible to efficiently differentiatetunal
corundum from synthetic onesnfydrous dissolutign

Veils

The veils of Padparadschas and other sapphiresoareed of a considerable number of
crystalline gaps or negative crystals grouped togreand forming plane or flexuous structures.
Their dimension is variable, and ranges from a fuaton of elements sometimes measuring less
than 1*° of a millimetre to elongated gaps that can be sévmillimetres long and are called
"fingerprints” ("treillis" or "maillage” in French)

In the case of padparadschas, we have seen #sat ¥Rils sometimes cross the plan of a blue
colour zoning. It can then be observetofograph § that at the intersection veil/blue colour zoning,
the population of cavities forming the veil is abh@educed by half. The explanation is probably
that in this area the chemical composition of thédbe is more favourable to healing.



Photograph 6

Less punctuated area of the eeilresponding to the passage of the blue coloningo

Working on the assumption that blue colour zonicgas be found in many corundum,
notably in rubies, this observation is interestimghe detection of treatments aiming at making the
said colour zonings disappear. Indeed, if suchilasrebserved, possessing a rectilinear band aith
clearly diminished density of negative crystalswhoer without there being a visible blue colour
zoning in the gem, it will be reasonable to thin&ttthe stone has been thermally treated.

6.3 - Epigenetic Inclusions

Inclusions that were formed after the host gemstdpyrowing.

They are several types of epigenetic inclusiomgorundum, the most remarkable example is
rutile (and hematite with a different orientatonThrough a mechanism of exsolution of the titamiu
contained in the gem, rutile crystallizes paréaltethe sides of the prismor(of the bipyramid. Through
an effect of light diffusion in the rutile capili@s @nd only if the gem is cut in cabochon, axis "@ssing its
apey, a six-branched star will appear, whose threesliwill be parallel to the three axes of order 2
represented:?as et & .

Diagram 3'

@]

F. Notari, 1996



6.4 - Xenospecific Inclusions

Xenospecific inclusionsirbm Greek.xenos foreign; and low Latirspecificus from species species of
another species to that of the host crysatie good origin markers. They are closely linkeg@etrogenesis
conditions, which considerably vary from a depdsitanother. Their identificationsgecies and
morphologic characteristitggnakes it possible to determine the origin ofrgéanumber of corundum. In
the case of padparadscha, xenospecific inclusioable us to clearly distinguish them from East
African sapphiressge diagram 1 in 5.1).2

6.4.1 — Survey of the Xenospecific Inclusions aflSnkan Corundums

Diagram No 4
T.Themelis {992 | R.Hughesi990 | R.Newmanni991)
Apatite Apatite Apatite
Calcite Calcite Calcite
Chalcopyrite
Diaspore
Feldspath
Garnet Garnet Garnet
Hematite Hematite
Hornblende
Mica Mica Mica
Biotite Biotite
Muscovite
Phlogopite Phlogopite Calcite
Pyrite Pyrite Pyrite
Pyrrhotite Pyrrhotite
Rutile Rutile
Spinel Spinel Spinel
Tourmaline Tourmaline Tourmaline
Uraninite
Zircon Zircon Zircon

We can add sulphur to this list of inclusions fdun Sri Lanka as we identified it with a
Raman microprobe while preparing this work. We alo confirm the existence of diaspore quoted
by Ted Themelis109?).



Some Xenospecific Inclusions:

Apatite

Cliché F. Notari

Cliché F. Notari

Graphite




6.5 - Identification of Inclusions with a Raman Miprobe

Identification of inclusions in padparadschas

thanks to Raman laser spectrometry.

Sir Chandrasekhara Venkata Raman, Nobel Prizeysi€&hin 1930

The Raman microprobe reports the nature of madeia revealing the vibratory modes of
their molecules' chemical bonds. It is an effectivel for the identification of inclusions, even

capable of differentiating polymorphous substarsteh as Aragonite / Calcite.

Nevertheless, the identification (
inclusions is not always easy, and speq
are not necessarily cleaseé spectrum Ng
11). A lot of patience is needed to obtair
spectrum like the one opposite.

The signal of inclusions i
sometimes hidden by the one of the h
gem; an apparently unique inclusion ¢
be double; their orientation has 4
influence on the position of peaks, etc.

20000

15000

10000+

5000

Cco2

T T T T T
2(I)0 4(|)0 600 800 1000 1200 1400
Raman Shift (cm-1)

The following spectra are not representative oé tbum of inclusions found

padparadschas.

During this research we revealed the presencalphsr in a padparadscha. This sulphur was
identified in a negative crystal that also contdimkaspore, rutile, a graphite crystal in hexagonal

plaque and C@in liquid and gaseous phasese(photograph)2




Spectrum No 1

2-phase Inclusion in a Padparadscha

Spectre général d'une inclusion multiphase d'un padparadscha, Sri-lanka, réf. FN/01
File: FN/FNO1$1, Ex. time: 10.000 secs, Light source 19436 cm’, 1'134 points, operator F. Notari, SSEF Basel, 15/11/96

16000 T '
Atribution des pics:
152.1, 217.3, 471.2: soufre
14000 + 1282.8, 1387.3, 1409.1: CO°
431.1: diaspore
1583.5: graphite
12000 + 417.2, 751.8: corindon 1387.3
448.0 (détail): rutile ‘
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Spectrum No 2
Rutile (Detall
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ga0 + Detail of spectrum 1 showing the first order peék o
rutile (+ 3 [cm’] compared to the reference data, SSEF 1996)
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g50 4 invisible.
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Spectrum No 3

Sulphur

Inclusion de soufre dans un cristal négatif tabulaire d'un padparadscha brut, Sri-lanka, réf. FN/O1
File: NOTARI4, Ex. time: 79.768 secs, Light source 19'436 cm'l, 408 points, operator F. Notari, SSEF Basel, 08/11/95
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469.2
\
800 T
600 -
7]
400
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L'indexation des pics présente une dérive variable par rapport aux données références (JNBM, 1996)
Dérive: 1% ordre: - 2.1 cm™, 2°™ ordre: - 2.2 cm™, 3°™ ordre: - 4.7 cm™.
Variabilité: 4.7 cm™
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Spectrum No 4

Diaspore

Inclusion de diaspore dans un cristal négatif tabulaire d'un padparadscha brut, Sri-lanka, réf. FN/O1
File: NOTARI2, Ex. time: 319.104 secs, Light source 19'436 cm™, 295 points, operator F. Notari, SSEF Basel, 08/11/95
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Spectrum No 5

Liquid CO,

Inclusion de CO, dans padparadscha, Sri-lanka, réf. FN/01
File: FN/FNO1$1, Ex. time: 10.000 secs, Light source 19436 cm-1, 378 points, operator F. Notari, SSEF Basel, 15/11/96

12000
. ) ) . . ) 1387.3
L'indexation des pics présente une dérive variable par rapport aux
11000 + don.nées source (SSEF. 1996)
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Spectrum No 6

Graphite

Inclusion de graphite (plaquette hexagonale) dans saphir incolore du Sri-lanka, réf. FN/57
File: ALO_C_SR2, Ex. time: 89.739 secs, Light source 19436 cm'l, 400 points, operator Lore Kiefert, SSEF Basel, 25/10/96
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Spectrum No 7

Graphite

Inclusion de graphite (plaquette hexagonale) dans saphir incolore du Sri-lanka, réf. FN/57
File: ALO_SR2, Ex. time: 89.739 secs, Light source 19436 cm?, 400 points, operator Lore Kiefert, SSEF Basel, 25/10/96

57000

1583.4
|

Pic de premier ordre mis en évidence par soustraction
du signal de fluorescence du saphir hote.
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Spectrum No 8

Rutile

Inclusion de rutile dans saphir rose-violet du Sri-lanka, réf. FN/78
File: FN/78, Ex. time: 10.000 secs, Light source 19436 cm'l, 1'134 points, operator F. Notari, SSEF Basel, 15/11/96
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Spectrum No 9

8700

7700

6700

3 5700

4700

3700

2700

1700

Apatite

Inclusion d'apatite dans un padparadscha, Sri-lanka, réf. FN/80
File: Notari X1, Ex. time: 10.000 secs, Light source 19436 cm™, 427 points, operator F. Notari, SSEF Basel, 15/11/96

L'indexation des pics présente une dérive variable par rapport aux
données références (Maestrati, 1989)
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Spectrum No 10

7000

6000

5000

4000

3000

2000

1000

Zircon

Inclusion de zircon dans saphir rose-orangé brunatre de 'Umba, Tanzanie, réf. WM/09
File: WM/09, Ex. time: 10.000 secs, Light source 19436 cm'l, 1'134 points, operator F. Notari, SSEF Basel, 15/11/96
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Spectrum No 11

Unidentified Mica

Inclusion de mica dans saphir rose-violet du Sri-lanka, réf. FN/81
File: X2$1 Ex. time: 10.000 secs, Light source 19436 cm™, 600 points, operator F. Notari, SSEF Basel, 15/11/96
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The samples on which this study is based are |mteldspecified as follows:

Padparadschas:
Reference Shape Weight/ L e Type Chromatic pole (glo':\ge?ryt;f?r:edssgif the
ct chapte))
FN/01 1 crystal 5.792 10.96 9.14  7.39  antigpe pink pol/us/phot/RamRNO01$1, NOT4,
colour 2,) /UV-Vis./ inv incl
CJ/02 oval facetefl 0.530 5.43 3.67| 3.1% native centred UV-\G2 (=¢)02-2,02-p2(+c)
Ms
HH/01 trilliant 0.741 5.83 5300 2.91 antique centred us/Ms
colour
PE/O1 ov. fac. 5.756 10.0] 9.1]7 .84 natiye pinkisliow UV-Vis. Pad-01 (=c)
FN/02 round fac. 7.858 11.24 -t 747 native petht us/phot./fX
UV-Vis.fn2, fn2-p
FN/03 ov. fac. 2.422 8.74 7.01 421 antiqlie pink us/phot./fX/UV-Vis.
colour fn3, fn3-p
FN/04 ov. fac. 2.837 6.77 589 6.1 antiqlie pink us/phot
colour
FN/05 ov. fac. 2.039 7.15 6.4 4.78  antiglie pink us/phot
colour
FN/06 ov. fac. 1.020 6.14 478 3.42 antiqle centred us
colour
FN/07 pear fac. 0.688 6.19 441 292 antigue extreme pink us/phot
colour
FN/08 ov. fac. 0.783 5.49 4.4 292 native extrgaiw us
FN/09 ov. fac. 0.586 5.36 3.79 3.34 antiqle pink us
colour
FN/10 trilliant 0.413 6.15 3.69 2.3§ antique pink us/Ms
colour
FN/11 ov. fac. 1.360 8.27 6.19 245 market pink us/phot
quality
FN/12 cabochon| 1.102 6.11 5.54| 3.2% markef pink us
ov. quality
FN/13 cushion 2.526 9.04 7.10| 3.44 native yellow us/fX
SAP.1L/JNO1| fac.
PE/02 ov. fac. 3.001 9.51 6.80 5.40 antigye pink us/ UV-Vis.
SAP.2.L / JNO2 colour pe02(=c )02-2 (+c)
PE/03 cush. fac. 0.937 6.54 475 3.1 native orangedimtad us/fX/ UV-Vis.
SAP.3.L / JNO3 pe03(=c )03-2 (+c)
PE/04 round fac. 0.795 5.60 - 2.75 native centred us
SAP.4.L / INO4
PE/05 cush. fac. 1.781 8.54 574 3.48 native orangedimtad us/fX/ UV-Vis pe05 (=c)
SAP.5.L / INO5 pe05-2 (+cjphot
PE/06 cush. fac. 1.348 6.73 568 3.42 antigle pink us
SAP.6.L / INO6 colour
PE/O7 ov. fac. 2.339 8.86 7.04 3.78 antigye centred-pink us/ UV-Vis.
SAP.7.L / JNO7 colour pe07 (=c )07-2 (+c)
PE/08 cush. fac. 2.125 8.34 6.46 4.14 native centred us
SAP.8.L / INO8
PE/09 cush. fac. 3.411 8.73 756 495 native slightlykizih us
SAP.9.L / IJNO9 yellow, irradiated
FN/45 oval 0.620 5.59 4.2( 3.1p market  x-light pink us
quality




PE/12 ov. fac. 2.469 7.80] 6.8p 5.46  antigpeery slightly orange us/phot/UV-Vis.pel2 (=c)12-
colour pink 2,12-2b(+c) pel2-p,12-pb(=c), 13-
p2,12-p2b(+c)
PE/13 ov. fac. 0.990 6.88] 458 3.44  antigpened.+ orangey pinK us
colour
PE/14 ov. fac. 2.050 8.39 7.2 3.92 antigu&/ery slightly pink + us
colour orange
PE/15 ov. fac. 1.480 7.53] 51p 4.93 orange, iatedi UV-Vis.pel5 (=c)15-2(+c)
15-p2(+c)phot
PE/16 cush. fac. 1.940 7.74 7.08 3.64 natiye pasagigey pink us
PE/17 ov. fac. 0.778 6.45] 454  3.01 antigpeery slightly orange us/phot
colour strong pink
BDR/01 ov. fac 5.238 9.87 8.92 6.64 native pastahgey pink us / Ms
BDR/02 ov. fac 2.38 7.91 4.2 299 antigye orangey pink of us/ Ms
colour medium saturation
FN/80 ov. fac. 0.544 5.62 3.9 2.72  antigli@rangey pink of very us/Ram X1)/phot
colour light saturation
Various sapphires:
Reference Shape] Weight/ L I e Origin Colour Analytical deeds
ct
FN/35 ov. fac. 0.929 6.87 4.94 2.72 Sri-lank pfikght UV-Vis. fn0035(=c)
saturation
FN/36 ov. fac. 0.458 5.20 411 2.3 Sri-lank pfikght UV-Vis. fn0036(=c)
saturation
FN/52 ov. fac. 2.962 9.24 6.90 5.0] Sri-lank glighellowish UV-Vis. fn52-1(=c)-2(+c)
pink, x-light
FN/53 round fac. 0.878 5.2 2.87] Sri-lanka  ost purplish pink us/phot
FN/54 ov. fac. 0.754 5.07 4.83 3.19 Sri-lank yeltf light us
saturation
FN/55 ov. fac. 0.454 5.35 4.47 1.95 Sri-lank pnknedium us
saturation
FN/56 ov. fac. 1.136 5.99 5.81 3.04 Sri-lank yeltf light us
saturation
FEN/57 round fac. 0.601 4.95 2.95 Sri-lank4 loodess us/RamALO_C_SRYphot
FN/58 fancy 0.340 4.88 5.04 2.17 Sri-lanka orangey pink light+ us
triangle
FN/59 fancy 2.562 10.57 7.67 4.15 Sri-lanka light blue and us
triangle x-light pink
FN/63 ov. fac. 0.280 4.31 3.29 2.44 Sri-lank Xdipink us
FN/69 ov. fac. 1.996 Sri-lanka straw-coloured -MM. fn69 (=c)-2(+c)
FN/70 ov. fac. 1.062 Sri-lanka straw-coloured -MM. fn70 (=c)-2(+c)
FN/71 ov. cab. 1.280 6.36 5.42 3.54 Sri-lank nidde and pink us
FN/72 round fac. 0.184 3.51 2.22 Sri-lank3 stphblue us/phot
FN/73 round fac. 0.336 3.92 2.23 Sri-lanka dmgurple-pink us
FN/74 round fac. 0.673 5.28 3.01 Sri-lank3 stphblue us/phot
FN/75 round fac. 1.395 6.27 4.14 Sri-lanka stphblue us
FN/76 ov.fac. 0.421 4.75 4.14 2.27 Sri-lanka pasied us
FN/77 round fac. 0.252 3.59 2.41 Sri-lanka stphblue us/phot
FN/78 round fac. 0.385 4.01 2.75 Sri-lanka dmgurple pink us/Ram
FN/79 ov. fac. 0.520 451 4.24 3.17 Sri-lank fdddte us
FN/81 ov. fac. 0.397 4.96 3.35 2.68 Sri-lank Xdigurple pink us/RamX2$1)/phot
FN/82 ov. fac. 5.91 3.79 Sri-lanka colourless pbst/Ram




Various:

Referenc Name Shape| Weight/¢t L I e Origin Colour Analytical deeds
FN/46 Spinel oval 1.50 8.77 6.25 3.57 Myanmar medasrangey old rosd us
FN/51 Sapphire Crystal 0.445 5.08 3.22 2.81 Madzayas pinkish brown + blue us/phot

colour zoning =c

Various rough corundums from Sri-lanka:

Reference| Weightl L I e Analytical deeds
/ct
CJ/01 21.398 32.56 10.78 7.19 pol/us/phot/inv incl
FN/20 17.470 17.50 10.40, 9.50 pol/us
FN/21 13.416 12.80 10.90| 9.20 pol/us/phot
Syntheses:
Reference Manufacture Shapd Weight/ L I e Comments Analytical deeds
ct
FN/18 Chatart?f® ov. fac. 1.100 7.08 5.01 3.64 us, UV-\is18 (=c)
fn18-2 (+c)phot
FN/19 Inamort®®° ov. fac. 1.115 7.03 5.04 4.18 us/fX/UV-Vial9
(=c) fn19-2 (+c)
FN/20 Kimberley trilliant 1.487 7.08 6.99 4.28] UXis. fn20 (=c)
fn20-2 (+c)
FN/44 Inamor}®®® marquise 1.375 10.16 5.15) 3.84 réf.In. ps-m-
FN/47-x Flame fusion rough AYO3 + TiO2 0.1% UV-Vis.
Djevahirdjian fn0037/38(=/+c)
FN/47-a Flame fusion % rough 5.299 9.62 7.96 4.54 8% + TiO2 0.1% UV-Vis.
Djevahirdjian (poids) fn/47a-1(=/c)
FN/47-b Flame fusion % rough 5.498 9.83 7.96 4.64] 8% + TiO2 0.1% UV-Vis.
Djevahirdjian (poids) fn/47b-1(=/c)
FN/48-x Flame fusion rough AJOs + TiO2 0.15% UV-Vis.
Djevahirdjian fn0039/40(=/+c)
FN/48-a Flame fusion % rough 10.560 10.05 12.11 533 @4+ TiO20.15% us
Djevahirdjian (poids)
FN/48-b Flame fusion % rough 7.296 10.10 11.80 454 @+ TiO20.15% us
Djevahirdjian (poids)
FN/49 Flame fusion rough 143.021 46.3 21.6 11.4 Ref. DJEV. 50 sp us
Djevahirdjian % bout.
FN/50 Flame fusion rough 107.414 41.3 20.2 10.5 Ref. DJEV. 55 sp us
Djevahirdjian % bout.
PE/10 Glass round fac 1.750 6.54 .- 4.80 Reflfradscha UV-Vis. pel0
Dina LEVEL
PE/11 Flame fusion ov. fac. 2.978 10.03 8.0R 4.97 ef. Radparadschal UV-Vis. pell (=c)
Dina LEVEL pell-2 (+c)
FN/64 Czochralski emer. fac 3.448 9.2 7.1 4.g5Bought by atouristin Ouro|  UV-Vis. fn64 (=c)
rosgr;il-%é\?v;a,zgs I;nlisrf;éria fn64-2 (+c)
topaz.
FN/65 Flame fusion pear fac. 3.616 2.86 8.19 4.60 UV-Vis. fn65 (=c)
fn65-2 (+c)
FN/66 Flame fusion emer. fac 3.834 10.99 8.10 4.38 us
FN/67 Flame fusion emer. fac 3.921 10.25 8.24 4.34 UV-Vis. fn67(=c) fn67-
2(+c)
FN/68 Flame fusion ov. fac. 3.337 10.0p 8.14 491 UV-Vis. fn68(=c) fn68-
2(+c)
FN/83 Flame fusion rough 42.064 colourless us




Umba sapphires:

The studies of distinction between padparadschdsosangey sapphires from East Africa
have been carried out on 532 cut samples, of amynteight of 0.2 to 6 carats, coming from the
Umba region. Only 30 of these stones are listedvibeThey are the ones whose photographs and
analytical deeds are quoted in this work and thieykapt by the author.

Reference Shape Weight L I e Analytical deeds Colour
/ct
FN/13 ov. fac. 1.515 7.13 6.03 3.98 us/phot
UV-Vis. fn13, fn13-p
FN/14 ov. fac. 0.551 5.63 4.27 3.64] us/phot
FN/15 round fac. 0.347 3.89 2.75 us/phot
FN/16 ov. fac. 0.325 4.94 3.01 2.33 us/phot
FN/17 round cab. 0.446 3.99 - 2.64 us
WM/01 round. fac. 0.859 5.9 - 2.87 UV-Vigm01(=c) pinkish orangey, slightly
wmO01-2(+c)/phot brown
WM/02 round fac. 0.211 3.51 - - 2.44 phot mediarangey pink
WM/03 ov. fac. 1.093 8.30 5.52 2.47 UV-Vism@3(=c) medium orangey red
wmO03-2(+c)/phot
WM/04 ov. fac. 1.501 7.53 6.05 3.68 UV-Vism@4(+c) medium orangey red
wmO04-2(=c)/phot
WM/05 rect. step 0.669 5.59 4.57 2.38 UV-Vis.m05(=c) medium orangey pink
fac. wmO05-2(+c)/phot
WM/06 rect. step fag 0.327 4.52 3.00 2.04 UV-Vis.m06(=c) medium orangey pink
wmO06-2(+c)/phot
WM/07 square 0.540 4.50 4.46 2.24 UV-VisymOQ7(=c) strong orangey pink
princess wmO7-2(+c)/phot
WM/08 square 0.513 4.47 4.44 2.34 UV-VisvmO08(=c) strong orangey pink
princess wmO08-2(+c)/phot
WM/09 square 0.692 4,78 4.81 3.05 UV-Vi$n0011/0012 brown orangey pink
princess Ram WMO09/phot/us
WM/10 emer. fac. 7.140 14.60 8.85] UV-Vigm10(=c) brown orangey
wm10-2(+c)/phot/us
HOH/FN/37 square 0.229 3.28 3.27 2.28 phot brownish orangey pin
princess
HOH/FN/38 round 0.801 5.38 -- - 3.36 phot lightlpi brown underhug
HOH/FN/39 round 0.113 2.61 -- - 1.81 phot slighdipkish red + brow
HOH/FN/40 marquise 0.412 6.95 3.49 2.3% phot brovamgey pink
HOH/FN/41 rond 0.424 4.33 - 2.96 phot brownrmay pink
HOH/FN/42 marquise 0.196 5.41 2.65 1.57 us/phot whrorangey pink
HOH/FN/43 square 0.519 4.43 4.47 2.72 UV-Vis. brown orangey pink
princess fn0023/24/25(+=c)
FN/60 rect. cush. 1.146 8.09 4.74 3.0 us stroagg®y pink
FN/61 round fac. 0.393 4.40 2.16 us strorangey pink
FN/62 coussin rectt  0.843 5.60 4.94 3.21 us strong orangey pink
FN/84,LWM ov. fac. us/phot medium orangey pink|
FN/85,LWM ov. fac. us/phot brownish red
FN/86,LWM ov. fac. us/fX brownish orangey pink
FN/87,LWM ov. fac. us/fX brownish red
FN/89,LWM ov. fac. us/fX orangey red




Key to the analytical deeds and interventions:

inv incl | Identification of the inclusions

phot | Photograph

Ram | Raman microprobe spectrum

UV-Vis. | Ultra-violet-visible spectrophotometry

us Usual analyses, R.1., p.s., spectrum man., apach UV, etc.

X X Fluorescence

Ms Microprobe

pol Sample polishing




Chemical Analysis

Mineralogische Institut der Universitat, Basel, CH

Instrument: JEOL JXA 8600 Superprobe, Operator:ndet KRZEMNICKI, 07/11/1996

acc.current beam| beam mode correction
20 kv 10nA | 1pm spot ZAF
Element| Setup Time Peak pos. Bg + Bg -
Al Al_Kal_specl_TAP_5Ko.20 10 90.755 2.0 2.0
Ca Ca_Kal spec2 PET_5Wo0.20 30 107.388 1.5 2.5
Ti Ti_Kal_spec4 TAP_5Ti.30 30 87.505 2.0 25
Mg Mg_Kal_specl TAP_50L.20 30 107.615 1.0 1.5
Mn Mn_Kal_spec2_PET_5Gr.20 30 67.076 2.0 2.0
Na Na_Kal specl TAP_5Ab.20 3d 129.575 1.0 15
Fe Fe_Ka+_spec3_LIF_5Hm.20 3Q 134.872 2.0 2.5
K K_Kal spec4 PET_50r.20 30 119.382 2.0 2.0
Y V_Kal_spec2_PET_5V.20 30 80.002 2.0 2.0
Cr Cr_Kal_spec4 PET_5Cr.20 3( 72.727 2.0 2.0
Ga Ga_Lal specl TAP R05.20 30 122.830 2.0 2.0
Sample: HH/01
Oxides N° 1 N° 2 N° 3 N° 4 N° 5 Average
Na,O 0.00 0.00 0.00 0.01 0.00 0.002
MgO 0.00 0.01 0.01 0.00 0.01 0.006
Al,O3 100.67 100.05 99.75 99.2 99.16 99.766
K20 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.01 0.00 0.02
TiO, 0.00 0.00 0.01 0.01 0.01 0.006
Cr,03 0.02 0.03 0.04 0.05 0.04 0.036
MnO 0.00 0.00 0.00 0.00 0.00 0.00
FeOs 0.02 0.03 0.04 0.05 0.04 0.036
Ga0Os 0.06 0.01 0.02 0.00 0.04 0.026
V7,03 0.00 0.00 0.01 0.00 0.00 0.002
Total 100.77 100.13 99.88 99.33 99.30| 99.882




Sample: FN/10

Oxides N° 1 N° 2 N° 3 N° 4 N° 5 Average
Na,O 0.03 0.01 0.00 0.00 0.02 0.012
MgO 0.00 0.04 0.02 0.02 0.01 0.018
Al ;03 98.87 98.89 99.20 99.57 100.22 99.35
K0 0.00 0.01 0.00 0.00 0.00 0.02
CaO 0.00 0.01 0.00 0.00 0.00 0.02
TiO, 0.00 0.02 0.03 0.03 0.00 0.016
Cr,03 0.04 0.02 0.07 0.07 0.03 0.046
MnO 0.00 0.00 0.03 0.03 0.05 0.022
Fe0Os 0.01 0.02 0.00 0.00 0.01 0.008
Ga0s; 0.02 0.01 0.00 0.00 0.00 0.006
V.03 0.01 0.02 0.00 0.00 0.00 0.006
Total 98.98 99.05 99.35 99.72 100.34| 99.488
Sample: CJ/02
Oxides N° 1 N° 2 N° 3 N° 4 N° 5 Average
Na,O 0.02 0.00 0.02 0.02 0.00 0.012
MgO 0.00 0.00 0.00 0.01 0.00 0.002
Al ;03 99.26 99.40 99.95 99.92 99.28 99.562
K0 0.01 0.01 0.00 0.00 0.00 0.004
CaO 0.00 0.01 0.03 0.02 0.00 0.012
TiO, 0.02 0.00 0.00 0.02 0.01 0.01
Cr,03 0.04 0.04 0.03 0.01 0.01 0.026
MnO 0.05 0.00 0.03 0.00 0.00 0.016
Fe0Os 0.01 0.01 0.03 0.00 0.00 0.01
Ga0; 0.01 0.02 0.06 0.00 0.00 0.018
V.03 0.00 0.00 0.00 0.01 0.01 0.004
Total 99.42 99.49 100.15 100.01 99.31| 99.676
Sample: BDRR/01
Oxides N° 1 N° 2 N° 3 N° 4 N° 5 Average
NaO 0.00 0.01 0.00 0.01 0.02 0.008
MgO 0.01 0.00 0.01 0.00 0.00 0.004
Al ;03 100.26 99.87 99.12 99.01 99.69 99.59
K0 0.00 0.00 0.00 0.02 0.01 0.006
CaO 0.00 0.00 0.00 0.00 0.01 0.002
TiO, 0.00 0.02 0.05 0.00 0.02 0.018
Cr,03 0.00 0.00 0.00 0.05 0.00 0.01
MnO 0.00 0.03 0.00 0.05 0.00 0.016
Fe0s 0.02 0.12 0.09 0.05 0.15 0.086
Ga0s; 0.01 0.01 0.00 0.03 0.03 0.016
V.03 0.00 0.01 0.01 0.00 0.03 0.01
Total 100.30 100.07 99.28 99.96 99.7660 99.766




Sample: FN/14

Oxides N° 1 N° 2 N° 3 N° 4 Average
Na,O 0.00 0.00 0.00 0.04 0.01
MgO 0.01 0.00 0.00 0.00 0.0025
Al ;03 98.20 98.15 98.98 98.21 98.385
K0 0.01 0.00 0.00 0.01 0.005
CaO 0.00 0.01 0.00 0.02 0.0075
TiO, 0.03 0.00 0.02 0.07 0.03
Cr,03 0.04 0.07 0.06 0.07 0.06
MnO 0.01 0.00 0.00 0.00 0.0025
Fe0s 0.91 0.89 0.95 0.94 0.9225
Ga0s 0.02 0.00 0.00 0.03 0.0125
V.03 0.00 0.02 0.00 00.00 0.005
Total 99.23 99.14 100.01 99.39 | 99.4425
Sample: FN/05
Oxides N° 1 N° 2 N° 3 N° 4 Average
Na,O 0.00 0.01 0.02 0.01 0.01
MgO 0.00 0.01 0.01 0.00 0.005
Al,O3 99.77 98.88 99.26 99.93 99.46
K20 0.01 0.00 0.01 0.01 0.0075
CaO 0.00 0.00 0.00 0.00 0.00
TiO, 0.04 0.08 0.03 0.05 0.05
Cr,0s3 0.02 0.02 0.00 0.01 0.0125
MnO 0.00 0.01 0.00 0.00 0.0025
Fe0s 0.07 0.012 0.07 0.09 0.0605
Ga0s 0.01 0.04 0.07 0.03 0.0375
V,0; 0.02 0.00 0.02 0.02 0.015
Total 99.94 99.062 99.49 100.15 99.66
Sample: FN/06
Oxides N° 1 N° 2 N° 3 N° 4 Average
Na,O 0.00 0.01 0.03 0.02 0.015
MgO 0.02 0.00 0.01 0.02 0.0125
Al ;03 99.05 99.34 99.94 99.68 99.5025
K0 0.01 0.01 0.01 0.00 0.0075
CaO 0.00 0.01 0.00 0.00 0.0025
TiO, 0.05 0.05 0.02 0.06 0.045
Cr,03 0.00 0.00 0.02 0.04 0.015
MnO 0.01 0.00 0.00 0.02 0.0075
Fe0s 0.07 0.06 0.09 0.05 0.0675
Ga0; 0.00 0.00 0.00 0.02 0.005
V.03 0.00 0.02 0.00 0.05 0.0175
Total 99.21 99.50 100.12 99.96 | 99.6975




Sample: FN/02

Oxides N° 1 N° 2 N° 3 N° 4 Average
Na,O 0.03 0.01 0.01 0.00 0.0125
MgO 0.00 0.00 0.02 0.01 0.0075
Al ;03 99.01 100.02 100.38 99.82 | 99.8075
K0 0.00 0.00 0.00 0.01 0.0025
CaO 0.01 0.00 0.01 0.01 0.0075
TiO, 0.02 0.00 0.01 0.00 0.0075
Cr,03 0.02 0.02 0.00 0.00 0.01
MnO 0.00 0.03 0.03 0.01 0.0175
Fe0s 0.04 0.02 0.07 0.05 0.045
Ga0s 0.01 0.00 0.02 0.01 0.01
V.03 0.00 0.02 0.00 0.00 0.005
Total 99.14 100.12 100.55 99.92 | 99.9325
Sample: FN/09
Oxides N° 1 N° 2 N° 3 N° 4 Average
Na,O 0.00 0.02 0.03 0.01 0.015
MgO 0.02 0.02 0.01 0.02 0.0175
Al,O3 99.48 99.10 99.65 100.27 99.625
K20 0.00 0.00 0.01 0.01 0.005
CaO 0.00 0.00 0.00 0.00 0.00
TiO, 0.01 0.04 0.01 0.00 0.015
Cr,0s3 0.03 0.00 0.02 0.00 0.0125
MnO 0.00 0.00 0.02 0.00 0.005
Fe0s 0.05 0.03 0.02 0.06 0.04
Ga0s 0.00 0.03 0.00 0.02 0.0125
V,0; 0.00 0.02 0.02 0.03 0.0175
Total 99.59 99.26 99.79 100.42 | 99.765
Sample: BDRR/02
Oxides N° 1 N° 2 N° 3 N° 4 Average
Na,O 0.00 0.02 0.00 0.01 0.0075
MgO 0.00 0.00 0.01 0.01 0.005
Al ;03 99.6 100.66 99.41 99.23 99.725
K0 0.01 0.00 0.01 0.00 0.005
CaO 0.01 0.00 0.00 0.00 0.0025
TiO, 0.02 0.00 0.00 0.00 0.005
Cr,03 0.00 0.02 0.00 0.01 0.0075
MnO 0.00 0.00 0.02 0.00 0.005
Fe0s 0.10 0.11 0.11 0.10 0.105
Ga0; 0.02 0.00 0.05 0.00 0.0175
V.03 0.00 0.01 0.00 0.00 0.0025
Total 99.76 100.82 99.61 99.36 | 99.8875




Sample: WM/09

Oxides N° 1 N° 2 N° 3 N° 4 Average
Na,O 0.02 0.02 0.01 0.01 0.015
MgO 0.04 0.00 0.01 0.01 0.015
Al ;03 99.13 99.37 99.71 99.69 99.475
K0 0.01 0.00 0.00 0.00 0.0025
CaO 0.00 0.00 0.00 0.00 0.00
TiO, 0.03 0.04 0.04 0.00 0.0275
Cr,03 0.03 0.04 0.03 0.06 0.04
MnO 0.02 0.00 0.00 0.00 0.005
Fe0s 1.00 1.01 1.02 1.04 1.0175
Ga0s 0.06 0.00 0.00 0.00 0.015
V.03 0.01 0.01 0.00 0.00 0.005
Total 100.35 100.49 100.82 100.81| 100.6175
Sample: FN/08
Oxides N° 1 N° 2 N° 3 N° 4 Average
Na,O 0.00 0.03 0.03 0.02 0.02
MgO 0.02 0.01 0.01 0.01 0.0125
Al,O3 990.71 99.89 99.45 99.59 99.66
K20 0.01 0.00 0.00 0.00 0.0025
CaO 0.00 0.00 0.00 0.01 0.0025
TiO, 0.00 0.02 0.02 0.01 0.0125
Cr,0s3 0.00 0.05 0.02 0.00 0.0175
MnO 0.03 0.00 0.00 0.00 0.0075
Fe0s 0.05 0.06 0.05 0.07 0.0575
Ga0s 0.00 0.02 0.01 0.01 0.01
V,0; 0.03 0.00 0.01 0.01 0.0125
Total 99.85 100.08 99.60 99.73 99.815
Sample: FN/03
Oxides N° 1 N° 2 N° 3 N° 4 Average
Na,O 0.01 0.02 0.00 0.01 0.01
MgO 0.02 0.08 0.02 0.01 0.0325
Al ;03 99.68 100.10 99.34 99.08 99.55
K0 0.00 0.00 0.00 0.01 0.0025
CaO 0.00 0.01 0.00 0.01 0.005
TiO, 0.01 0.01 0.00 0.00 0.005
Cr,03 0.01 0.03 0.03 0.04 0.0275
MnO 0.01 0.00 0.02 0.00 0.0075
Fe0s 0.07 0.09 0.04 0.08 0.07
Ga0; 0.00 0.00 0.00 0.00 0.00
V.03 0.01 0.00 0.01 0.00 0.005
Total 99.82 100.34 99.46 99.24 99.715




Sample: FN/04

Oxides N° 1 N° 2 N° 3 N° 4 Average
Na,O 0.00 0.01 0.02 0.02 0.0125
MgO 0.01 0.01 0.00 0.01 0.0075
Al ;03 99.42 99.74 99.21 99.31 99.42
K0 0.00 0.00 0.00 0.00 0.00
CaO 0.00 0.00 0.02 0.00 0.005
TiO, 0.01 0.00 0.01 0.01 0.0075
Cr,03 0.02 0.00 0.01 0.01 0.01
MnO 0.00 0.00 0.01 0.01 0.005
Fe0s 0.04 0.04 0.07 0.06 0.0525
Ga0s 0.00 0.02 0.01 0.01 0.01
V.03 0.03 0.00 0.00 0.01 0.01
Total 99.53 99.74 99.21 99.31 99.540

Sample: WM/00 (WM/04)

Oxides N° 1 N° 2 N° 3 Average
Na,O 0.00 0.00 0.02 0.0067
MgO 0.01 0.01 0.01 0.01
Al,O3 99.75 99.84 99.81 99.80
K20 0.00 0.01 0.01 0.0067
CaO 0.02 0.01 0.01 0.0133
TiO, 0.03 0.01 0.00 0.0133
Cr,0s3 0.01 0.01 0.02 0.0133
MnO 0.00 0.03 0.00 0.01
Fe0s 0.70 0.72 0.79 0.7367
Ga0s 0.08 0.03 0.06 0.0556
V,0; 0.04 0.03 0.01 0.0267
Total 100.64 100.70 100.74 | 100.693




9. Conclusion

Padparadscha Charter

Antique

Original

Pour comparer la couleur d'un Padparadscha a fteciptacer celui-ci a I'envers (sur la table) sarcarré de bristol
(aux dimensions de la pierre). Utiliser un éclatragla norme CIE: D55 ou D60 (5000 ou 6000K), caceder en
lumiere naturelle diffuse (celle-ci étant la pluaptée). Déplacer I'ensemble pierre/bristol sehkxte et contrbler en
observation apicale, que la gemme s'inscrive bemsdin des deux habitus du Padparadscha. L'examxeb\a
courts et longs peut permettre de confirmer I'hebiConserver cette charte a I'abri de la lumiére.



Charter of Padparadscha (Corundum)

Native Habit

Antique Habit

Colour due to: Cr3+, Fe3+, coloured centres.

Colour due to: Cr3+, Fed+, no centres.

One or more blue colour zonings, oriented in (11_21) , are visible most of the time. No yellow
colour zonings should be seen as they are generally due to thermal treatment.

Refractive index : (() between 1.768 et 1.769; (€) between 1.760 et 1.761. Birefringence:

generally 0.008 (+ 30% 0.009)

Fluorescence: UVL (365 nm): medium fo
marked, from apricot to pinkish apricot
colour. UVC (253.7 nm): light to medium,
from slightly ochred apricot to pinkish apricot
colour.

Fluorescence: UVL (365 nm). medium to
marked, from red colour to pinkish red or
orangey red. UVC (253.7 nm): light to
medium, same colours.

A milky bluish or greenish fluorescence, sometimes in spots, reveals a high temperature
thermal tfreatment (higher than 1100°C). Batd Kubdla heating can only be detected for the

moment by examination of the inclusions.

Internal characteristics: Usual inclusions in sapphires from Sri Lanka, no polycrystalline
boehmite (AIOOH), no lepidocrocite (y-Fe3+*O(OH)). Polysynthetic macle plans are rare and
never in two or three different directions at the same time (, r' et r" (10_11)). This is a
particular characteristic of Tanzanian sapphires.

Until now all padparadschas come from Sri Lanka.

Spectrum UV - VIS
File: FNO2-€-0
Operator: FN
Velocity: 300 [nm] / min.

\\za nm (Fe )
377 nm (Fe*® IFe*®)

Slit: 1.0 [nm]

v ) \ 388 nm (Fe*?) Wave\engmlchange 325 [nm]

! ntegrating sphere

! \ 405-410 nm (Cr*?) Polarizing filter: Glan Taylor

i sample: Padparadscha native

0s 450 nm (Fe"*/ Fe*) ‘Shape round

5 475-477nm (Cr™*) Color: Orangy pink

H | 3 Origin: Ceylon

£ 04 54nm (Cr) Weight: 7.858 carats
] s65nm Fe” — - Ti"* - .307

693 nm ()

290 o) 930 o]

UV-visible spectrum

Spectrum UV - VIS
File: FNO3-e-0

Operator: FN

Velocity: 300 [nm] / min.

it 1.0 [nm]

Wavelength change: 325 [nm]
Integrating sphere

Polarizing filer: Glan Taylor
Sample: Padparadscha aniique
Shape: oval

Color: Slightly orangy pink
rigin: Ceylon

Weight: 2.422 carats

|
A

328 nm (Fe ™)
| 377 nm (Fe*? IFe™)
388 nm (Fe*?)
405-410 nm (Cr*®)
450 nm (Fe'¥ Fe'®)
475-477 nm (Cr**)
i 554 nm (Cr'?)

~-307
693 nm (Cr*?)

565nm Fe'’ . - Ti"

S0 )

UV-visible spectrum

Absorptions: 700, 694, 692 nm.

Absorptions: 694, 692, 668 nm.

700 =t =] 350 S0 450 A3C

Spectrum made by means of a network spectroscope

700 240 &0 A5 SO A0 ICC

Spectrum made by means of a network spectroscope
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