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ABSTRACT: Tn this study 24 colour-change garnets from Madagascar
have been studied to gain data for a correlation between chemical
composition and colorimetric calculations. All samples belong to the
pyrope-spessartine solid solution series. They contain some traces of
vanadium (0.27 to 1.61 wt% V,0,), which is responsible for the colour-
change in these garnets. Based on visual observations, the investigated
samples were separated into five groups of different colour-change
behaviour when examined under daylight and incandescent light.
Generally, most garnets changed from bluish-green in daylight to purple
in incandescent light, although some changed from yellowish-green to
pink and brownish-green to brownish-red. Two samples remained
almost unchanged, i.e. blue and brown respectively. The visual separa-
tion in five groups is consistent with differences obtained by colorimet-
ric calculations. The colorimetric calculations are presented in the
CIELab colour space. Comparing colour behaviour with chemical analy-
ses results in a correlation with several intrinsic chemical factors, main-
ly vanadium, chromium, manganese, magnesium and iron.
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Introduction

he colour-change effect is well known

l by gemmologists and highly appreci-
ated in the gem trade. The term was
originally used for alexandrite, a variety of

chrysoberyl, changing its colour appearance
distinctly under different ‘white’ illumina-

and Stockton, 1984; Stockton, 1985; Koivula
and Kammerling, 1988) and from
Athiliwewa and Embilipitiya in Sri Lanka
(Johnson and Koivula, 1996b; Johnson and
Koivula 1998a). However, commercial quan-
tities of colour-changing garnets have
entered the gem trade only recently due to

tions, e.g. daylight and incandescent light.
Gem-quality garnets displaying colour
change were first mentioned from Fast Africa
(Crowningshield, 1970; Jobbins et al., 1975).
In the following years similar garnets were
further reported from Umba valley and
Tunduru in Tanzania (Schmetzer and
Ottemann, 1979; Schmetzer and Giibelin,
1980; Stockton, 1982; Hanni, 1983; Manson

the discovery of new gem deposits in south
west Madagascar (area of llakaka and Bekily;
Johnson and Koivula, 1998b); most faceted
stones are less than 1 ct.

Generally, colour-change garnets are
greenish-blue to almost blue in daylight and
purplish to purple in incandescent light
(Johnson and Koivula, 1998a). Some change
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Table T: Gemmological properties of the studied colour-change garnets

their colour from yellowish-green to pink or
pale brown (Johnson and Koivula, 1998b).

In the first detailed gemmological study
of colour-change garnets from Madagascar,
Schmetzer and Bernhardt (1999) separate
colour-change garnets into two groups
according to their chemistry. Most colout-
change garnets are intermediate members of
the pyrope-spessartine solid solution series
containing minor amounts of vanadium
and/or chromium (Jobbins et al, 1975;
Stockton, 1982; Manson and Stockton, 1984;
Stockton and Manson, 1985; Koivula and
Kammerling, 1988; Johnson and Koivula,
1996b; Johnson and Koivula, 1998b;
Schmetzer and Bernhardt, 1999). All studied
colour-change garnets from Madagascar
belong to this group (Johnson and Koivula,
1998b; Schmetzer and Bernhardt, 1999). Only
a few colour-change garnets were found to
be chromium-rich (Schmetzer et al., 1980).

The colour-change effect has been studied
for decades (see references in Bosshart et al.,
1982; Liu et al., 1999), mainly concentrating
on alexandrite. A comprehensive description
of colour-change materials (minerals and
artificial products) is given by Liu et al.
(1999). They compared colorimetric calcula-
tions with standard gemmological observa-
tion techniques for colour description.
Previously Schmetzer et al. (1980) had stud-

ied the relationship between the colour
change of different materials and the chem-
istry and /or crystal structure of a mineral.

In this study, the authors would like to
integrate these two research approaches by
presenting data on colour-change garnets
from Madagascar, with emphasis on the cor-
relation of chemical data with colorimetric
calculations and colour observation.

Physical properties

The gemmological properties of the
colour-change garnets (sample K, spessar-
tine, excluded) are summarized in Table I
The distinct variations in RI (from 1.745 to >
1.785) and SG (3.748 — 4.104) are due to
extensive exchange of magnesium by man-
ganese in the samples (members of the
pyrope-spessartine solid solution). Chemical
analyses revealed a close correlation of RI
(and SG) with the chemistry of colour-
change garnets (Figure 2). Previous studies
on colour-change garnets (Jobbins et al., 1975;
Stockton, 1985; Johnson and Koivula, 1996a,
1996b; Johnson and Koivula, 1998b; Koivula
and Kammerling, 1988; Schmetzer and
Bernhardt, 1999) reported RI values between
1.757 and 1.770, a distinctly smaller range
than that in the present sample selection.
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Figure 2: Correlation of manganese content (MnO wt%) versus refractive index of colour-change

arnets from Madagascar. A qualitative correlation line has been drawn to show the direct relationship
between main component content (i.e. manganese) and optical property (RD). A similar diagram can be

obtained by plotting Mn content against SG.

All samples remained inert when exposed
to long and short-wave ultraviolet radiation.

Under the polariscope they showed slight to.

moderate anomalous extinction, resulting
from internal strain within the garnet struc-
ture. Regularly oriented long prismatic crys-
tal inclusions, often in a three-dimensional
lattice array were found to be rutile.

Table II: The colour change behaviour of the studied garnets from Madagascar

Visual colour determination

The colour of all samples was determined
by a consistent observation technique (see
section “Materials and methods’), similar to
that in common practice in gemmological
laboratories and in the trade. Nevertheless,
visual colour determination of a faceted
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gemstone still remains a challenge, as sever-
al aspects contribute to its overall colour
appearance (Liu et al.,, 1999). Usually, the
body colour is the most important factor.
However, reflections on pavilion facets often
display quite different colour hues (Stockton,
1982). The cut of the specimen may enhance
or reduce these reflected colours. For this
study, each specimen was attributed to its
dominating spectral colour (e.g. blue in day-
light) under daylight and tungsten illumina-
tion, just adding hues (e.g. purplish-blue).
Additionally the colour saturation (medium,
medium strong, strong) and the strength of
colour change (very slight, slight, moderate,
distinct) were estimated. Based on this the 24
specimens were separated into five groups of
different colour-change behaviour (see Table
IT and Figures 3 and 4).

e Croup | garnets remain blue under both
illuminations; only a slight change of
colour hue is observed (sample J, Figure 5).
The colour saturation is strong (Schmetzer
and Ottemann, 1979).

* Group IT garnets change their colour mod-
erately to distinctly from bluish to pur-
plish (daylight/tungsten light). Their
colour saturation ranges from medium to
strong. In the gem trade, these colour-
change garnets are commercially the most
important (Schmetzer and Bernhardt,
1999). Samples A, B, D, F-1, L-N, Q, T-W, Y,
and Z (a total of 17) belong to this group.

Figures 3 and 4: Colour-change garnets from
Madagascar under daylight illumination
(Figure 3, top) and under tungsten light (Figure
4, bottom). Colours slightly adjusted by
AdobePhotoshop®@. Photos by M.S. Krzemnicki,
© SSEF.

¢ Group IlI garnets change their colour from
vellowish-green to pink (Koivula and
Kammerling, 1988; Schmetzer and
Bernhardt, 1999). The colour saturation is
medium to medium strong, the colour-
change slight to moderate (samples T,
R, S).

e Group IV garnets change their colour
moderately from brownish-green to
brownish-red. The colour saturation is

strong (samples C, X).

Figure 5: Almost blue garnet from Madagascar
(sample [, group 1) in daylight. This sample dis-
plays only a very slight change of colour hue
when examined under fungsten light. Photo by
M.S. Krzenmnicki, © SSEF.

Figure 6: Brown garnet from Madagascar (sam-
ple O, group V) in daylight. This sample displays
only a slight change of colour hue towards red-
dish-brown when examined under tungsten light.
Phato by M.S. Krzemnicki, © SSEE.
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s Group V garnets change their hue slightly
from brown (daylight) to reddish-brown
(tungsten) (sample O, Figure 6). The colour
saturation is strong.

The following results and interpretations
of colorimetric and chemical data are dis-
cussed in relation to the visual separation in
groups I-V.

Chemical data

Quantitative chemical analyses (WD-XRF)
and calculated end member mol% (Deer et al.,
1992) of some of the colour-change garnets
from each group are given in Table 1. All
samples (except sample K, a nearly pure spes-
sartine) are intermediate members of the
pyrope-spessartine solid solution series.
Apart from the major MgO and MnO compo-
nents, they are characterized by a significant

Table II: Electron microprobe analyses of some colour-

grossular component (CaO up to 7.31 wt%,
i.e. 13.8 mol% grossular), and a rather smaller
iron content from 0.52 up to 3.10 wt% FeO). In
the analyses, all iron is presented as FeO (i.e.
Fe?*, almandine component). Due to the low
iron concentrations an estimation of Fe’
based on Droop (1987) is not reliable,
although small amounts of Fe** might be
present (andradite component).

All samples (except spessartine, sample K)
contain distinct amounts of vanadium (from
0.27 in sample R to 1.61wt% V,0, in sample ])
and chromium (from 0.11 in sample R to 0.95
wt% Cr,0, in sample M). Only in sample M
(group 10) i 1‘; the uvarovite component (Cr,0,)
slightly thher than the goldmanite compo-
nent (V,0,). In all other samples vanadium
content exceedb that of chromium by a
factor of 2 to 5.

change garnets from Madagascar

Group!  Groupll  GroupIll Grouplll GrouplV  Group V'  Spessartine

Sample] Sample M Sample A SampleR  SampleC  Sample O Sample K
RI 1763 1.767 1748 1.760 1.781 neg. neg.
SG 382 3.893 3748 3.871 4.068 4104 4168
Oxide weight% :
MgO 1045 11.78 15.25 10.49 421 087 b.d.
MnO 18.49 2131 14.75 18.89 33.69 34.41 4227
CaO 7.31 3.01 4.65 5.09 1.73 3.1 021
FeO 0.65 2.84 0.96 2.29 0.52 3.10 b.d.
Cro, 0.38 0.95 0.17 0.11 0.24 026 bd.
V,0, 161 091 043 0.27 1.30 0.44 0.01
TiO, - 006 0.03 0.04 0.11 0.25 051 b.d.
ALO, 21.12 20.48 22.70 21.67 19.99 20,06 20.88
SiO, 38.63 38.81 4147 40.22 37.22 37.65 36.65
Total 98.70 100.12 100.42 99.14 99.15 100.41 100.02
Endmember mol% --
Pyrope 393 2.6 55.4 40.1 160" 38 00
Spessartine 39.5 438 305 41.0 76.9 80.1 99.4
Almandine 14 5.8 2.0 49 12 7.1 0.0
Uvarovite 1.1 29 05 03 0.8 . 38 0.0
Goldmanite 49 28 13 0.8 42 14 0.0
Grossular 138 21 10.4 12.8 0.1 69 0.6
For thls table, only representative analyses of the studied colour-change garnets from Madagascar
Ca:-O- wafs mrrected, for interference with vanadmm K&, see section ‘Materials and methods'.
b_d below detection limit. Endmember calculation after Deer etal., 1992
neg. — negative RL i.e. above upper limit of the TIR-refractometer at 1.785
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Figure 7: UV-VIS spectra of colour-change garnets (groups I-V) compared with spessartine.
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Spectrometric data in the
UV-visible range

The colours of the present suite of stones
are made up of the contributions of each of
the solid solution components or garnet end
members. Pyrope is colourless and has no
absorption bands in the visible region of the
spectrum. Pure spessartine is orange and
shows its presence even in low quantities by

Table IV: Comparison of colorimetric with chemical data of garnets from Madagascar.

the well known set of absorption bands (see
below). Iron, vanadium and chromium
contribute to the observed colour as chro-
mophore elements (Nassau, 1983), modify-
ing the basic colour set by the main
constituents (pyrope and spessartine).
Figure 7 shows representative UV-VIS

-absorption spectra of garnets from the differ-

ent colour change groups (I-V, see Table I1]).
They are compared with the spectrum of
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spessartine of light orange colour. All spectra
show characteristics of spessartine with Mn>*
peaks (see e.g. Manson and Stockton, 1984;
Schmetzer and Bernhardt, 1999) at 408, 422,
431 nm (or complete absorption around
431 nm). All colour-change garnets (group IT-
IV) show a distinct broad absorption band
with a maximum at about 573 nm. This max-
imum has been attributed to V** probably
with some Cr¥* (see Schmetzer and
Ottemann, 1979; Manson and Stockton, 1984;
Schmetzer and Bernhardt, 1999). The absorp-
tion minimum for garnets changing from
bluish to purple is located about 476 nm,
whereas garnets with a yellowish-green to
pink colour-change have a minimum around
507 nm (Schmetzer and Bernhardt, 1999).
Two different spectral characteristics may
result in garnets displaying only a very slight
change of colour hue (group I and group V).
The blue garnet (sample ], group I, Figure 5)
has the highest vanadium content (1.61 wt%
V,0,) of all the samples and shows a similar
spectrum to colour-change garnets.
However, the maximum of the broad absorp-
tion band is centred about 583 nm, and is
thus slightly above the narrow range
between 562-577 nm defined by Schmetzer
and Bernhardt (1999) for alexandrite-like
colour change materials. The brownish gar-
net (sample O, group V, Figure 6) shows dis-
tinct superposition of the characteristic V-
absorption band by Fe?* (almandine compo-
nent) and Mn?** (spessartine component).
Due to this no distinct minimum in the range
of 507—476 is present. This results in only a
very slight change of colour hue, although
the vanadium content is the same as in the
colour-change garnets of group 1l (see Table

).

Colorimetric calculation

By means of colorimetric calculations,
somewhat subjective colour descriptions can
be displayed as coordinates in a colour space.
In accordance with previous studies (Liu et
al., 1994, 1999) the CIELab space was chosen
to calculate colour coordinates, as it is a uni-
form colour space which takes into account
the chromatic adaptation of the human eye.
In the CIELab space, colour differences are

proportional to the distances of the repre-
sented colour coordinates (for a detailed dis-
cussion of colorimetry in gemmology, please
refer to Liu ef al., 1999).

Colour is always an integration of hue
(spectral colour, e.g. blue), saturation (depth
of colour, weak to strong) and brightness
(from light to dark). Based on the UV-VIS
transmission spectra of our samples, we cal-
culated L* (brightness) and a*, b* (colour
coordinates, determining the colour hue)
in the CIELab colour space (Table IV and
Figure 8). Formulae can be obtained
in any standard colorimetry textbook
(Kuehni, 1997) or on the internet (e.g.
http:/ /www.cs.rit.edu/~ncs/color/t_con-
vert.html).

The saturation § of a colour is the distance
between the colour coordinates (a*, b¥) to the
centre point (0, 0) and thus:

8=

@ tungsten light (iluminant A)
M daylight (iluminant D65)

Figure 8: Colour coordinates of all studied
colour-change garnet samples (see Table I11) in
the CIELab colour space. Daylight coordinates in
blue, incandescent coordinates in red. The lines
connect the colour coordinates of each sample
calculated with illuminants D65 (daylight equiv-
alent) and A (fungsten light equivalent).
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In 1986 the ‘Commission International de
I'Eclairage CIE’ proposed several standard
illuminants (theoretical light sources); these
include D65 for daylight (light emitted by a
blackbody at 6504 K) and A for incandescent
(tungsten) light (2856 K). Based on these illu-
minants and on so-called matching functions
(2° standard colorimetric observer), which
take into account the ability of the human
eye to adapt chromatically between different
‘white’ light sources, the CIELab coordinates
for the samples under each illumination
were calculated using our own computer
program. All equations and data for
variables (i.e. illuminants and matching
functions) were found on the internet (see
references).

Using a simple trigonometric equation,

colour hue angles Q for each sample under
the illuminant D65 and A were calculated:

Q = arctan (b/a)

The difference between hue angles AQ of
each sample is an expression of the calculat-
ed colour change behaviour of a gemstone
under daylight and incandescent light,
respectively.

AQ = 1QD65 — QA

Comparison of colorimetric data
with chemical data

The colour appearance of the samples
were well reproduced by the calculated
colour hue values (Figure 8) and we think
colorimetry may become a more important
tool for colour investigation in gemmology.

A close examination of the calculated hue
angle differences AQ (Figure 9) fits well with
the visual separation into five groups of
colour-change behaviour (I-V, see Table II).
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Figure 9: Calculated hue angle differences AQ of the garnets, listed in five groups of colour-change
behaviour and arranged in order of AQ . In daylight, all samples tend in direction to the hue angle 180°
(blue-green). Samples such as A, B and Q are characterized by very large AQ buf visually appear with
a rather slight to moderate colour-change due to their low colour saturation (compare with

Figure 10).
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Figure 10: Calculated saturation 6 versus hue angle difference AQ of the garnets. A general trend of

reduced saturation for samples with a very large hue angle difference AQ is apparent.

However, the extent of calculated colour-
change, ie. hue angle difference AQ seems
quite high, reaching values almost up to 180,
and representing colour-change from nearly
red to its opponent colour blue in the CIELab
colour space. However, the influence of
colour saturation & (Iable IV) and brightness
L* must also be taken into account. In
Figure 10 the colour saturations are plotted
against hue angle differences AQ. Obviously
there is a general trend toward weak to medi-
um saturations with increasing hue angle
differences AQ. Liu et al. (1999) proposed a
minimal saturation 6 = 5 to rely on colour-
change data. All samples with lower satura-
tion than 5 have their coordinates so close to
the white centre point of the CIELab colour
space (Figure 8), that even a barely visible
change in colour hue might result in a large
hue angle difference AQ. Thus the colour sat-
uration & of a sample is highly relevant to the
visual extent of any colour-change. The cal-
culated values of hue angle differences AQ
should be compared only between samples
with similar saturation to describe the extent

of colourchange in qualitative terms as
minor, moderate or distinct.

The correlation of observed colour and
colour-change behaviour with the chemistry
of the garnets is rather complex. Obviously
the vanadium (and some chromium) are
responsible for the colour-changing effect in
these garnets. However, as shown in Figure 9,
there is not a simple direct relation between
vanadium concentration, colour and extent
of colour change. Samples with quite low
vanadium may exhibit a large extent of
colour change (e.g. sample T, Figure 9),
whereas vanadium rich samples may show
only slight colour hue changes (sample C,
Figure 9). By plotting the MnO versus V,0,
contents (Figure 11), the behaviour of the
colour-changing garnets may be explained in
a more suitable way.

In Figure 11, no evident correlation
between manganese Mn?* and vanadium V*
ions can be expected, as they are substituting
for Mg?* and AI** on two different lattice
positions. However, by attributing to cach

Colour-change garnets from Madagascar: comparison of colorimetric with chemical data




Figure 11: Bivariate diagram of V,0, versus MnO for colour-change garnets of the pyrope-spessartine

series. Three main fields of colour change strength have been introduced qualitatively. The limits of the
fields represent a gradual transition rather than steps of different colour-change behaviour.

sample the observed extent of colour change
(i.e. none to very slight, very slight to slight,
moderate to distinct), we gain a qualitative
diagram with three fields of colour-change
behaviour for vanadium bearing garnets of
the pyrope-spessartine solid solution series.
The limits of these fields should rather be
thought of as gradual intervals, e.g. from a
slight to moderate colour change, rather than
as steps from one field to the other. Garnets
of the pyrope-spessartine series containing
no vanadium and/or chromium display no
colour change at all (e.g. sample K). Their
colour saturation 8 is correlated to the man-
ganese content (Figure 10). Samples charac-
terized by a MgO/MnO ratio of about 1 are
potentially colour-change garnets. When
containing only low concentrations of vana-
dium and/or chromium (below about
0.5 wt% V,0,) they display a slight to mod-
erate colour change from greenish in day-
light to pink in tungsten light (Figure 11). The

_colour saturation remains weak to moderate.

The vanadium concentration has to exceed
0.5 wt% V,0, to result in a moderate to dis-
tinct colour change from bluish in daylight to
purplish in tungsten light and a medium to
medium strong colour saturation (Figure 11).
According to Schmetzer and Otteman (1979)
and Schmetzer and Bernhardt (1999), there is
an upper limit for the vanadium concentra-
tion (about 1.60 wt% V,O,, sample ), above
which only a slight, if any colour change can
be observed. The garnet remains more or less
blue under both lighting conditions with
strong colour saturation (Figure 11). The sat-
uration of all previously mentioned samples
is basically proportional to the vanadium

concentration. To understand the absence of

colour change in vanadium-rich pyrope-
spessartine garnets, we assume that above a
critical vanadium concentration the lattice
parameters are slightly modified by the gold-
manite component. Although still showing
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an absorption spectrum similar to colour-
changing garnets (Figure 7), the maximum of
the vanadium (and chromium)} absorption
band has moved to a slightly higher wave-
length (583 nm), thus taking it beyond the
upper limit for an alexandrite-like colour-
change material (562-577) as defined by
Schmetzer and Bernhardt (1999).

With increasing MnO content the poten-
tial for colour-change behaviour is reduced.
Even high vanadium contents (1.30 wt%
V;0;, sample C) only result in slight colour
changes from brownish-green in daylight to
brownish-red in tungsten light. For low
vanadium contents (0.44 wt% V,0,, sample
0), a very slight change of colour hue from
brown to reddish-brown is observed. In both
cases however, the colour saturation & is
strong (Figure 10), mainly controlled by high
manganese contents.

Conclusions

In this study of colour-change garnets
from a new gem deposit in south west
Madagascar the complex relationship
between chemistry and colour-change effect
has been investigated. The study shows that
several intrinsic chemical variables such as
the content of vanadium related to chromi-
um, manganese, magnesium and iron con-
tribute to the variations in the visual appear-
ance of these garnets under different ‘white’
illuminations (daylight and incandescent
light). A qualitative diagram for colour-
change garnets (Figure 11) of the pyrope-
spessartine series has been introduced. The
diagram shows several fields of different
colour change behaviour. Leaving the field of
moderate to distinct colour-change due to
higher vanadium or manganese concentra-
tions results in a drastically reduced colour-
change behaviour (or no colour-change at
all), coupled with a high colour saturation.
Similar garnets with low vanadium (and
chromium) contents display only a weak
colour-change coupled with low colour satu-
rations. To conclude, the observed variations
of the colour-change effect in garnets is gen-
erally an effect of chemical variations in the
concentrations of the trace elements, vanadi-

um and chromium and of the major con-
stituents manganese and iron. Using colori-
metric calculations, the visual separation into
different groups of colour-change behaviour
was confirmed and the saturation 8 and the
extent of colour-change (AQ difference of hue
angle under daylight and incandescent light)
was calculated. It is, however, important to
understand that the term colour-change and
its qualitative differentiation into several cat-
egories (e.g. slight, moderate, strong), is
based on a combination of observed colour
hues, colour saturation and brightness, and
not only on pure colour difference, i.e.
change of colour hues. Therefore, colorimet-
ric data have to be used with caution when
drawing conclusions about the degree
(strength) of colour-change (Figure 9), as the
saturation § (see Figure 10) and brightness (L*
value in the CIELab colour space, see Table
IV) both play an important role in how
strongly the colour-change is perceived.

Acknowledgements

The authors would like to thank the
following individuals, who contributed to
this study by donations or supply of colour-
change garnets, or by providing useful
information: W. Spaltenstein (Multigems),
L. Aubert, A. Leuenberger, M. Graf and D.
Bontempi (Grafgem). Part of the quantitative
chemical data were kindly analysed by K.
Waite at the  Mineralogical and
Petrographical Institute of the University of
Basel, Switzerland. We would further like to
thank Dr R. Gschwind and Mrs G di Pietro
from the Laboratory of Scientific
Photography, University of Basel for part of
the colorimetric calculations and for their
comments on the fundamentals of colorime-
try. Finally, we thank Dr L. Kiefert for her
review of the manuscript.

References:

Bosshart, G., Frank, E., Hanni, H.A., and Barot, N., 1982.
Colourchanging kyanite from East Africa. Journal of
Gemmology, 18, 205-12

Commission International de I'Eclairage, 1986.
Colorimetry, 2nd edn. CIE Publication No. 15.2, Vienna

Crowningshield, R., 1970. A rare alexandrite garnet from
Tanzania. Gems & Gemology, 13, 174-7

Colour-change garnets from Madagascar: comparison of colorimetric with chentical data

407



Deer, W.A., Howie, RA., and Zussman, J., 1992. An
Introduction to the Rock-Forming Mineruls, 2nd edn.
Longman Scientific and Technical, Essex

Droop, G.I.R., 1987. A general equation for estimating
Fe** concentrations in ferromagnesian silicates and
oxides from microprobe analysis, using stoichiomet-
ric criteria. Mineralogical Magazine, 51, 431-5

Hinni, H.A., 1983. Weitere Untersuchungen an einigen
farbwechselnden Edelsteinen. Z.Df.Gennmol.Ces.,
32(2/3), 99-106

Jobbins, E.A., Saul, ].M., Tresham, A.E., and Young, B.R.,
1975. Blue colour-changing gem garnet from East
Africa. Journal of Gemmaology, 14, 201-8

Johnson, M.L., and Koivula, ]I (Eds), 1996a. Gem news:
Color-change garnet. Gems & Gemology, 32(1), 53

Johnson, M.L., and Koivula, J.I. (Eds), 1996b. Gem news:
A second Sri Lankan locality for color-change garnet.
Gems and Gemology, 32(4), 285-6

Johnson, M.L., and Koivula, .1 (Eds), 1998a. Gem news:
‘almost blue’ Sri Lankan color-change garnets.
Genis & Gemology, 34(2), 138-40

Johnson, M.L., and Koivula, [.I. (Eds), 1998b. Gem news:
Color-change pyrope-spessartine garnet, also from
Madagascar. Gems & Gemology, 34(3), 222-3

Koivula, [.L, and Kammerling, R.C. (Eds), 1988. Gem
news: Change of color-garnets. Gems & Gemology,
24(3), 176-7

Kuehni, R.G., 1997. Color: An Introduction to practice and
principles. John Wiley and Sons, New York

Liu, Y., Shigley, I, Fritsch, E., and Hemphill, 5., 1994, The
‘Alexandrite effect’ in gemstones. Color and Research
Application, 19(3), 186-91

Liu, Y., Shigley, .E., Fritsch, E., and Hemphill, 5., 1999. A
colorimetric study of the alexandrite effect in gem-
stones. Journal of Gemmology, 26(6), 371-85

Manson, D.V,, and Stockton, C.M., 1984. Pyrope-spessar-
tine garnets with unusual color behavior. Gems &
Gemology, 20(4), 200-7

Nassau, K., 1983. The physics and chemistry of color — the fif-
teen causes of color. John Wiley and Sons, New York

Schmetzer, K., and Ottemann, J., 1979. Kristallchemie und
Farbe Vanadium-haltiger Granale. Newues Jahrbuch fiir
Mineralogie, Abhandlungen, 136(2), 146-68

Schmetzer, K., Bank, 1., and Giibelin, E., 1980. The
alexandrite effect in minerals: chrysoberyl, garnet,
corundum, fluorite. Neues Jahrbuch fiir Mineralogie,
Abhandlungen, 138(2), 147-64

Schmetzer, K., and Bermhardt, H.-J., 1999. Garnets from
Madagascar with a colour change of blue-green to
purple. Gents & Gemology, 35(4), 196-201

Stockton, C.M., 1982. Two notable color-change garnets.
Gems & Gentology, 18(2), 100-1

Stockton, C.M., and Manson, 1.V, 1985. Editorial Forum:
Unusual color-change garnet. Gems & Gemology,
21(2), 116-17

Earls Court 2
2-5 September 2001
www.jewellerylondon.com

GEMS

New for 2001!

GEM WORKSHOP

New for 2001 is a pavilion devoted to
the awareness and promotion of
gems in the trade today.There will be
displays and interactive
demonstrations including:

® Identification techniques
@® Gem cutting

@ Display lighting

® Exhibition of gemstones

Co-ordinators: IJL and Gem-A, in association with the
DTC, E-Register, The Faceters Guild, GIA, Gretag
Macbeth and WFDB.

DIAMONDS TODAY

Monday 3 September at 2:00 p.m.
Join Doug Garrod in the Theatre of
Jewellery to look at treated diamonds
and simulants on the market today.

GEMSTONE PLAZA

A focus for gems, pearls and diamonds.

GemxA

Visit The Gemmological Association
on Stand |54, adjacent to the
Gemstone Plaza and Workshop.
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