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ABSTRACT: The present study is a result of an examination of synthetic 
red beryls recently produced in Russia. The standard gemmological 
properties correspond to the known range for synthetic beryls of 
Russian production. Chemical analyses showed distinct cobalt contents 
in addition to iron and manganese. Divalent cobalt dominates the 
absorption spectra and is responsible for the red colour. The low Na 2 0 
concentrations are typical for synthetic beryls produced hydrothermally. 
An overall low alkali content can also be concluded from the IR spectra 
which showed a predominance of H20-type I, i.e. water molecules not 
bound to alkali ions. Inhomogeneous growth structure formed a typical 
inclusion pattern. 

Keywords: synthetic red beryl, hydrothermal growth, Russian 
production, physico-chemical properties, internal characteristics 

Introduction 

Commercial quantities of synthetic 
emeralds have been available since 
the 1930s and it was in the 1960s 

when large amounts of that material entered 
the trade. Although it is well known that in 
Japan and particularly in Russia various 
other synthetic beryl varieties had been 
produced, these specimens did not gain 
commercial importance, firstly because 
natural beryls are present in quite large 
amounts and in very good qualities, and 
secondly, except for synthetic emeralds, the 
price differences between synthetic beryls 
and their natural counterparts is too low. 

During the development of the growth of 
synthetic emeralds a number of colouring 
agents have been used for research purposes 
which have resulted in a number of synthetic 
beryl varieties. 

Emel'yanova et ah (1965) first mentioned 
synthetic beryls which were doped with 

vanadium, manganese, cobalt and nickel. A 
few samples of synthetic pink beryls were 
first observed in the trade in 1981 (Bank & 
Becker, 1981). In the same year Dillon (1981) 
mentioned synthetic pink to reddish beryls 
produced by Regency Created Emeralds Co. 
in the USA. Since 1979 various synthetic 
beryls including green, reddish, pale blue, 
pink and violet varieties have been produced 
in Japan by Adachi New Industrial Ltd. of 
Osaka (Chikayama and Miyata, 1987; 
Scarratt, 1987; Chikayama, 1992) which are 
known under the trade name 'ANICS'. These 
specimens have been produced by chemical 
vapour deposition, i.e. crystallization from a 
vapour phase. As a speciality this Japanese 
company also produced bicoloured, 
'watermelon' type synthetic beryls which 
consist of a synthetic pinkish beryl core and 
a synthetic emerald overgrowth (Koivula 
and Misiorowski, 1986). 

Both Solntsev et al (1978) and Ilyin et al. 
(1980) reported on synthetic beryl varieties 
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Table I: Gemmological properties of synthetic beryl

Refractive index Fluorescence
Synthetic beryl Specific UVL UVS
source and n.. fl o /',/1 gravity (long wave) (short wave)
colour

ANICS (Japan)

reddish 1.563 1.566 0.003 2.66 weak red-violet dull red

violet 1.563 1.567 0.004 2.65 red-vio let strong violet

pale blue 1.566 1.571 0.005 2.67 milky green-blue violet

'wa termelon' 1.562 1.566 0.004 2.64 core: red core: inert
rim : violet rim: violet

Biron (Australia)

pinkish 1.571 1.578 0.007 2.69 orange-pink

Novosibirsk (Russia)

pinkish 1.570 1.576 0.006 2.67 weak violet

orangy-red 1.574 1.580 0.006 2.69

blue (Cu) 1.570 1.576 0.006 2.69 violet

blue (Fe) 1.571 1.579 0.008 2.68

1.575 1.583 0.008 2.69'

green (V) 1.570 1.578 0.008 2.69

Russia, this study

red 1.570-72 1.578-80 0.008 2.63-65 inert inert

482 , data after Schmetzer (1989).All other data obtained by the authors.

including cobalt-bearing synthetic red
beryls manufactured in Novosibirsk,
Russia. Various facetable synthetic beryls
produced in Russia were mentioned by
Koivula and Kammerling (1988) and
include purple (coloured by chromium and
manganese), pinkish (manganese), blue
(copper) and orangy-red (cobalt) varieties.
The production technique is analogous to
that used to grow hydrothermal synthetic
emeralds in Novosibirsk. However, the
resulting crystals were only a few
centimetres long and relatively flat so that
only small stones could be cut. The
synthetic crystals weighed between 11 and
25 ct. In contrast the same producer grew
synthetic emeralds that weighed on
average between 50 and 100 ct, sometimes
even more. Blue synthetic aquamarines
from Russia coloured by iron like the
natural specimens were described by
Schmetzer (1990). In addition, other
synthetic beryl varieties of Russian
production were briefly mentioned by

Koivula and Kammerling (1991) and
Koivula et aI. (1992).

Pinkish synthetic beryls are also
produced in Australia by Biron International
Ltd., which are well known as a major
producer of hydrothermally grown
synthetic emeralds. The synthetic rough is
coloured by trivalent titanium and allows
the faceting of stones with a weight up to 20
ct (Brown, 1993). Overall, the occurrence of
faceted non-green synthetic beryls is rare.

Recently, the German Gemmological
Association received from one of its fellows
both rough and cut synthetic red beryls
which were produced in Russia. The faceted
round stones measure 6.5 x 5 mm and weigh
between 0.98 and 1.08 ct (Figure 1). The
colour is reminiscent of the natural red
beryls from Utah, USA (see Henn and
Becker, 1995).

The physico-chemical properties and the
microscopic characteristics of the samples
investigated are given below.

J. Gemm., 1999, 26, 8, 481-486



Standard gemmological properties 
The refractive indices, maximum 

birefringences and specific gravity are given 
in Table I and the measured values were: 
ne = 1.570 -1.572, n0 =1.578-1.580 with 
An = 0.008 and SG = 2.63 - 2.65. Except for 
SG, these data are within the known range 
for hydrothermally grown synthetic beryls 
from Russia which are also shown in Table I 
for comparison, along with data obtained on 
a number of synthetic beryls produced in 
Japan and Australia. The recent red beryls 
show strong pleochroism with cinnamon-
brown and violet colours and they are inert 
to both long- and short-wave UV radiation. 

Spectroscopic analysis 
The UV/VIS absorption spectrum is 

plotted in Figure 2, and the absorption 
maxima and their assignments are given in 

Figure 1: Two faceted synthetic red beryls produced 
in Russia each weighing approximately 1 ct. 

Table II. The spectrum of the ordinary ray (o) 
is characterized by absorption maxima in the 
green and blue and that of the extraordinary 
ray (e) by absorption in the yellow-green and 
blue. The broad absorption in the green and 
yellow-green part of the polarized spectra is 
responsible for the red colour of the samples. 

Figure 2: Polarized absorption spectra of a representative sample of synthetic red beryl of Russian 
production. 

it 

1 » l 
ll 

I i 
1 1 

\ 370 • i 
\ 1 'J 

1 — 

^ 5 7 5 

543 (X 
450 

/ \ 1 

j 1 synthetic red beryl 

/ 1 v 595 

! i V 
\ 529 / J 

A \ W 552 I 
/ \ \ /"-/V 

/ • \ ' / ' x 

\ \ 

! 

\ v ^ 

1 

o-spectrum 

682 

1 ! 
300 400 500 600 

Wavelength (ran) 

700 800 

Synthetic red beryl from Russia 

481



Table II: UV/VIS absorption maxima and assignments Chemical analysis 
Absorption maxima 
(nm) (air1) 

370 

405 

450 

529 

543 

552 

564 

575 

595 

682 

27000 

24700 

22200 

18900 

18400 

18100 

17700 

17400 

16800 

14600 

Assignment 

Fe3* 

Fe3* 

Co2*, Co3* 

Co2* 

Co2* 

Co2* 

Co2* 

Co2* 

Co2* 

Cr3* 

Polarization \ 
o^ ordinary ray 
e =s extraordinary 

rav 
e < o 

e*o 

e < o 

o 

e > o 

0 

e 

e 

e 

e 

In both cases this absorption is a combination 
of several maxima. In the o-specrrum the 
maxima occur at 552, 543 and 529 nm and are 

jX .> ^ caused by Co2+ (Solntsev et al., 1978; Ilyin et ah, 
^ J p ^ P $ ' - 1980; Platonov, pers. comm., 1999). This trace 
:-0) & element also produces the absorption maxima 

at 595, 575, 564 and 543 nm in the e-spectrum. 
The non-pleochroic broad absorption in the 
blue with a maximum at 450 nm is also 
attributed to Co2+ and possibly Co3+ (Platonov, 
pers. comm., 1999). Two additional absorption 
maxima at 370 and 405 nm in the ultraviolet 
and violet part of the spectrum are caused by 
trivalent iron. A weak chromium (Cr3+) 
absorption line at 682 nm is visible in the 
e-spectrum. 

The IR spectrum is consistent with the 
general pattern found in low alkali 
hydrothermally grown synthetic beryls 
(Schmetzer and Kiefert, 1990). The samples 
tested showed H20-vibrations between 3500 
and 4000 cm-1 and between 5000 and 
5600 cm-1. The most distinct maxima are 
those at 3694 and 3592 cm"1, with the 
absorption band at 3694 cnr1 being stronger 
than that at 3592 cm-1. The former is assigned 
to type-I water molecules which are not 
bound to adjacent alkali ions and the weaker 
band is caused by type-II water molecules 
which are bound to alkali ions. 

The chemical composition of a 
representative sample was obtained by 
electron microprobe analysis and is given in 
Table III. Aluminium and silicon oxides form 
the major components. Beryllium oxide 
cannot be measured with the electron 
microprobe. The analyses revealed iron, 
cobalt and manganese as the most significant 
trace constituents and this is consistent with 
conclusions drawn from the absorption 
spectra. The low Na20-content of 0.06 wt.% 
and even lower K20 content confirm the 
conclusion drawn from the IR-spectrum that 
the synthetic red beryl is a low alkali type. 

Microscopic features 

Under an immersion microscope the 
faceted samples showed a step-like growth 
structure. A distinct inhomogeneous growth 
in the form of irregularly changing subgrain 
boundaries is visible almost perpendicular to 
the step-like growth (Figures 3 to 5). These 
growth characteristics are also typically found 
in Russian hydrothermally grown synthetic 
emeralds (cf. Henn et ah, 1988; Schmetzer, 
1988). Planar and veil-like feathers consisting 
of liquid and two-phase inclusions form 

Table III: Electron microprobe analysis of a Russian 
synthetic red beryl 

wt.% 

Si02 

Ti02 

A1203 

Cr203 

FeO 

MnO 

CoO 

MgO 

Na 2 0 

K20 

Total 

Range 
(7 analyses) 

65.55-66.77 

0.03-0.08 

16.75-17.38 

0,00-0.03 

1.45-1.73 

0.15-0.21 

0.17-0.47 

0.02-0.05 

0.0O-0.14 

0.00-0.03 

mean 

66.08 

0.05 

16.96 

0.02 

1.62 

0.18 1 

0.31 

0.03 

0.06 

0.01 

85.32 

NB: BeO and H 2 0 not determined 
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Figure 3: Faceted synthetic red beryl. Step-like 
growth structure parallel to the table and 
inhomogeneous growth almost perpendicular to 
the table. Immersion, magnified 6x. 

inclusion patterns also typical of such 
emeralds, and black platelets (Figure 6) may 
well be hematite (cf. Schmetzer, 1990). 

Conclusions 
The standard gemmological properties 

and the microscopic characteristics of 
synthetic red beryls of recent Russian 
production correspond to the known 
properties for hydrothermally grown 
synthetic beryls manufactured in Russia. The 
absorption spectra of the synthetic red beryl 
showed that the colour is caused by divalent 
cobalt. Based on the IR-spectra the samples 
can be classified as hydrothermally grown 
low alkali-type synthetic beryls. The 
spectroscopic characteristics are confirmed 

Figure 4: Subgrain boundaries, variably oriented 
in detail, almost perpendicular to the step-like 
growth structure. Immersion, magnified 30x. 

Synthetic red beryl from Russia 

Figure 5: A distinct inhomogeneous growth in 
the form of irregularly oriented subgrain 
boundaries is one of the most diagnostic 
identification features of Russian synthetic red 
beryls. Immersion, magnified 40x. 

by chemical analyses which show significant 
amounts of cobalt and manganese oxides 
and low sodium concentrations. 

As with synthetic emeralds 
hydrothermally grown in Russia, 
inhomogeneous growth patterns in synthetic 
red beryls are diagnostic in distinguishing 
them from natural red beryls. 

Figure 6: Feathers with liquid and two-phase 
inclusions and hexagonal black platelets also 
form a typical inclusion pattern. Immersion, 
magnified 30x. 

481



486

References

Bank, H., and Becker, G., 1981. Synthetischer rosa
farbener Beryll. Z. Dt. Gemmol. Ges., 30, 112-13

Brown, G., 1993. Australian titaniferous synthetic beryl. J.
Gemmol. Ass. HongKong, 16, 5--{j

Chikayama, A, 1992. Japanese synthetic stones by various
methods. Z. Dt. Gemmol. Ges., 41, 145-6

Chikayama, A, and Miyata, T., 1987. Synthetic gemstones
from Japan. Transactions of the XXI International
Gemmological Conference, Brazil 1987

Dillon, S., 1981. Gem news: synthetic red beryl. Gems &
Gemology, 17, 57

Emel'yanova, E.N., Grum-Grzhimailo, S.Y.,Boksha, ON.,
Varina, T.M., 1965. Artificial beryl containing V, Mn,
Co and Ni. SOD. Phys.-Cryst., 10, 46-9

Henn, U., Lind, Th., and Bank, H., 1988. Hydrothermally
grown synthetic emeralds from USSR. Can. Gemmol.,
9,66--72

Henn, U., and Becker,G., 1995. Rote Berylle aus Utah, USA
Neue Beobachtungen. Z. Dt. Gemmol. Ges., 44, 55--{i0

Ilyin, AG., Klyakhin, Y.A, Pavluchenko, V.5., and
Chepurnova, G.A., 1980. Physical properties of
monocrystals of some beryl varieties grown in
hydrothermal conditions. Thegrowingof the beryllium
minerals' crystals and study of their properties.
Novosibirsk, 3-10 (in Russian)

Koivula, ].I., and Misiorowski, E., 1986. Gem news:
synthetic 'watermelon' beryl. Gems& Gemology, 22, 55

Koivula, J.I., and Kammerling, RC, 1988. Gem news:
unusual synthetic beryls from the Soviet Union. Gems
& Gemology, 24, 252

Koivula, J.I., and Kammerling, RC, 1991. Gem news:
more Soviet synthetics. Gems & Gemology, 27,55

Koivula, J.I., Kammerling, RC, and Fritsch, E.,1992. Gem
news: more on hydrothermal synthetic beryls. Gems &
Gemology, 28, 63--4

Scarratt, K, 1987. Notes from the laboratory - 12: ANICS,
synthetically grown beryl. J. Gemm., 21, 135

Schmetzer, K, 1988. Characterization of Russian
hydrothermally-grown synthetic emeralds. J. Gemm.,
21,145--{j4

Schmetzer, K, 1990. Hydrothermally grown synthetic
aquamarine manufactured in Novosibirsk, USSR
Gems & Gemology, 26, 206--11

Schmotzer, K, and Kiefert, 1., 1990. Water in beryl - a
contribution to the separability of natural and
synthetic emeralds by infrared spectroscopy. J. Gemm.,
22,215-23

Solntsev, Y.P., Kharchenko, E.J., Bukin, G.V., Klyakhin,
VA, Lebedev, AS., Lokhova, G.G., and Ripinen, D.J.,
1978. A study of isomorphic substitutions in natural
and synthetic beryls. Investigations on experimental
mineralogy. Novosibirsk, 39-53 (in Russian)

LONDON DIAMOND
REPORT

The
Gem Testing
Laboratory

Diamond grading service
established in 1980

Each diamond graded by
three experienced graders

Report based on the current
international grading

procedures for colour and clarity

Whether buying or selling,
the London Diamond Report

assures the prestige of your stone

The Gem Testing Laboratory of Great Britain
GAGTL, 27 Grevill e street, Londo n EC1 N 8TN

Telephone: 020-7405 3351 Fax: 020-7831 9479

J. Gemm., 1999,26, 8, 481-486



Multicomponent inclusions in 
Nacken synthetic emeralds 
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ABSTRACT: Multicomponent inclusions in Nacken synthetic emeralds 
were examined by a combination of microscopy, electron microprobe 
analysis and micro-Raman spectroscopy. The tiny crystals at the widest 
ends of nailhead spicules are most probably beryl. Various forms of 
cavities contain single component and multicomponent fillings, which 
were determined as a solidified melt consisting of the ingredients of 
beryl and residues of a molybdenum- and vanadium-bearing flux. The 
residual slightly inhomogeneous melt trapped in elongated cavities is 
partly unmixed and contains polymerized and non-polymerized 
molybdates as well as Si-O-Si networks and isolated Si04 tetrahedra. 
Similar inclusions in Chatham synthetic emeralds are also characterized. 

Keywords: Chatham, crystal growth, electron microprobe analyses, 
multi-component inclusions, Nacken, nailhead spicules, Raman spectra, 
synthetic emerald 

Introduction 

Nacken synthetic emeralds were 
grown in the 1920s by Professor R. 
Nacken of Frankfurt, Germany, and 

were regarded as hydrothermally grown 
synthetic emeralds for almost half a century 
(Van Praagh, 1946, 1947; Webster, 1955, 1958; 
Eppler, 1958; Espig, 1962; Landais, 1971; see 
also Schmetzer and Kiefert, 1998). This view 
was also confirmed by the examination with 
modern analytical techniques such as infrared 
spectroscopy which revealed the presence of 
characteristic water absorption bands of 
hydrothermaHy-grown synthetic emeralds 
(Landais, 1971). A detailed study by Nassau 
(1976,1978,1980), however, showed that two 
different types of Nacken synthetic emeralds 
were grown, both by the flux method. The first 

type of crystal contained irregularly shaped 
seeds of natural, colourless beryl, and the 
second type was grown without natural seeds. 

The examination of both types of Nacken 
synthetic emerald by Nassau (1976, 1978, 
1980) revealed the presence of water 
absorption bands in the spectra of the first 
type samples, which are caused by the water 
content of the natural beryl seed. In contrast, 
infrared spectra of samples of the second 
type of Nacken synthetic emeralds showed 
an absorption spectrum without any water 
related absorption bands, which is typical for 
flux-grown synthetic emeralds. These results 
are also useful to understand the earlier 
examinations by Landais (1971) using 
infrared spectroscopy, who, most probably, 
investigated samples of the first type with a 
natural beryl seed (Landais, 1998). 
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Chemical investigations by Nassau (1978, 
1980) proved that the flux used by Nacken was 
a molybdenum- and vanadium-bearing 
compound, most probably a lithium-
containing oxide of a general formula 
Mo03-V205-Li20, whose exact composition is 
still unknown. The X-ray fluorescence 
spectrum of characteristic inclusions was 
examined in the scanning electron microscope 
(SEM-EDXRF). With this technique, however, 
the presence of light elements such as lithium 
and beryllium cannot be determined. The 
experimental conditions applied by Nassau 
(1978, 1980) allowed the examination of the 
material trapped within various cavities alone, 
i.e. the X-ray fluorescence spectra represented 
only substances trapped in cavities without 
any contributions of the synthetic emerald 
host to the X-ray fluorescence patterns 
obtained (Nassau, 1998). 

Two types of patterns were described 
consisting of the characteristic X-ray lines of 
(a) an Al-Si-V-Mo-bearing compound and 

(b) an Al-Si-V-Cr-Mo-bearing compound. 

These results indicate that the material 
trapped within the cavities consists of a 
mixture of the components of beryl (BeO, 
A1203, Si02) with different percentages of 
chromium and of components of the flux 
(most probably M0O3, V205 , Li20). The 
material in the cavities was assumed to be in 
the vitreous state (Nassau, 1978,1980,1998). 

Occasionally, inclusions that form 
elongated spicules with a tiny crystal at their 
widest ends are present in Nacken synthetic 
emeralds. These tiny crystals were described 
as phenakite by Nassau (1978), which is not 
consistent with the description of Eppler 
(1958), who assumed tiny beryl crystals being 
present as nailheads in Nacken synthetic 
emeralds. Both determinations, however, were 
based on visual appearance only and not on 
direct analytical measurements. 

Tiny crystals at the base of nailhead 
spicules are common in hydrothermal 
synthetic emeralds, but may also form in 
flux-grown synthetic emerald when growth 
is started on a seed plate inclined at an angle 
to the c-axis (Flanigen et al, 1967). In 
hydrothermal synthetic emeralds, these tiny 
crystals at the widest ends of elongated 
spicules were regarded exclusively as 
phenakite crystals for a long time. It was 
proven by micro-Raman spectroscopy, 
however, that not only phenakite but beryl 
and chrysoberyl crystals could also be 
present at the ends of elongated spicules in 
hydrothermal synthetic emerald from 
different producers (Schmetzer et al., 1997). 
Continuing the study of nailhead spicules in 
synthetic emeralds, the authors have tried to 
determine experimentally the identity of the 
nailhead crystals present in these typical 
inclusions of Nacken synthetic emeralds and 

Figure la,b: Nacken synthetic emerald crystals with natural seeds (a) and without natural seeds (b). 
The largest crystals of both types measure about 5.5 x 4 mm (-photos: M. Glas). 
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to evaluate the discrepancy between the 
papers of Eppler (1958) and Nassau (1978). In 
addition, the identification of various 
substances present in the cavities of Nacken 
synthetic emeralds has been attempted. 

Materials and methods 

The present study is based on the 
examination of 14 individual samples (Figures 
la, b) ranging from 5.5 to 2 mm in size. The 
synthetic emeralds originated from the 
following collections: E. Gubelin, Lucerne, 
Switzerland (5); F.H. Pough, Reno, Nevada, 
USA (8); M. Schaeffer, Detmold, Germany (1). 

For assessing the study of Eppler (1958), 
Nacken synthetic emeralds of the Gubelin 
collection have been available. The papers of 
Nassau (1976, 1978, 1980) were based on 
samples of the Pough collection and on 
synthetic emeralds from the British Museum 
(Natural History), London. The present 
authors tried to obtain the Nacken synthetic 
emeralds kept in the British Museum for 
comparison, but these samples were not 
made available. 

For the examination of chemical 
properties of the substances trapped in 
elongated spicules and/or channels parallel 
to the c-axis, one sample without a 
microscopically visible colourless seed was 
sawn into two parts along the c-axis and 
subsequently polished down step by step. In 
some of these steps several elongated 
cavities were carefully opened and the 
inclusions exposed to the surface were 
examined by electron microprobe. 

To determine the compositions of 
nailhead crystals at the widest ends of 
elongated spicules as well as individual 
components or phases trapped in different 
cavities of Nacken synthetic emeralds, 
numerous inclusions in both types of 
samples (with and without colourless seeds) 
were examained by micro-Raman 
spectroscopy. This technique, which is useful 
for the determination of inclusions in natural 
and synthetic emeralds (Schmetzer et ah, 
1997; Schmetzer and Kiefert, 1998; Zwaan 
and Burke, 1998), is also a very sensitive tool 
for determining the substances present in 

Figure 2: Prismatic crystal of Nacken synthetic 
emerald which contains a colourless, natural 
irregularly-shaped seed; the c-axis runs vertically, 
melt filled channels and spicules are oriented 
parallel to c. Immersion, length of crystal 2 mm. 

artificially filled fissures of natural emeralds 
(Hanni et al., 1997). Micro-Raman 
spectroscopy has been used by Dele-Dubois 
et al. (1986) as well as Dele-Dubois and Poirot 
(1989) for the determination of residual 
substances in synthetic emeralds. In these 
papers, the materials trapped in various 
cavities of flux-grown synthetic emeralds 
were determined as polymolybdates and 
molybdenum oxides. 

Microscopic properties 

The microscopic examination confirmed 
the results of Nassau (1976,1978,1980), who 
classified the 19 synthetic emeralds available 
for his study into two groups with and 
without natural seeds. 

In our 14 samples, colourless, natural 
irregularly shaped seeds were observed in 
eight synthetic emeralds (Figures 2 and 3). In 
two of these crystals, thin, flat cavities 
oriented on planes parallel to the basal 
pinacoid were observed (Figure 3). These 
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infrared spectroscopy, which showed the 
absence of water-related absorption bands. 
Again, these results are consistent with the 
findings described by Nassau (1978,1980). 

All Nacken synthetic emeralds revealed 
numerous channels or spicules oriented 
parallel to the c-axis (Figures 2 and 3), which 
are more or less opaque in transmitted light 
(Figure 4a). Nailhead spicules, i.e. elongated 
spicules with tiny crystals at their widest 
ends, are common in samples with colourless 
seeds, but rare in the second group of 
synthetic emeralds without colourless 
natural seeds. The tiny birefringent crystals 
have a refractive index close to that of the 
host synthetic emerald, so they can be 
difficult to observe without crossed 
polarizers (Figure 4a, b). In samples with 
colourless seeds, most of these tiny 
birefringent crystals were in direct contact 
with the irregularly shaped surface of the 
seed. The narrower ends of the spicules 
always pointed in the direction of growth 
parallel to the c-axis of the synthetic emerald 
crystals. Occasionally, nailhead spicules were 
seen on two opposite surfaces of the seed 
with their tips pointing in opposite 
directions up and down along the c-axis 
(Figure 5). 

The material trapped in the channels and 
spicules appeared inhomogeneous under the 
microscope. In addition to a shrinking 
bubble, which was frequently oberved, 
several yellow, yellowish or whitish, 
transparent or translucent substances were 

Figure 4a, b: Nailhead spicules in Nacken synthetic emerald: the tiny beryl crystals at the wider ends 
of the spicules display a low relief in plane polarized light (a), the birefringent crystals are clearly visible 
with crossed polarizers (b; right), Immersion lOOx. 

Figure 3: Prismatic crystal of Nacken synthetic 
emerald which contains a colourless, natural 
irregularly shaped seed; the c-axis runs vertically, 
melt filled channels and spicules are oriented 
parallel to cflat cavities with primary liquid and 
two-phase inclusions are oriented perpendicular 
to c. Immersion, length of crystal. 3.4 mm. 

cavities contain primary liquid and/or two-
phase inclusions, which is a typical 
microscopic feature for natural beryl or 
natural emerald from certain localities, e.g. 
Russian Uralian emeralds (see Schmetzer 
et al, 1991). 

In the remaining six of our Nacken 
samples, no colourless irregularly shaped 
seeds were observable by microscopic 
examination. One larger synthetic emerald 
crystal of this group was examined by 
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Figure 5: Nailhead spicules in Nacken synthetic 
emerald: the c-axis runs vertically, the narrower 
ends of the spicules point towards the directions 
of growth up and down along the c-axis, the tiny 
beryl crystals at the wider ends of the spicules are 
in direct contact with two irregularly-shaped 
surfaces of a colourless beryl seed in the centre of 
the crystal. Immersion, crossed polarizers. 60x. 

often present (Figures 6, 7 and 8). Only in a 
few cases did a single cavity appear to be 
homogeneously filled with one single phase 
or component. 

Determination of birefringent 
crystals at the widest ends of 

cone-shaped spicules 

Numerous nailheads at the widest ends of 
elongated spicules (Figures 4, 5 and 6) in 
different samples were examined by micro-
Raman spectroscopy. In all cases, we 
obtained Raman spectra of beryl only; no 
spectra indicating phenakite were recorded. 
The authors have identified nailhead 
spicules in hydrothermal synthetic emeralds 
from various producers (Schmetzer et al., 
1997) and have used the same experimental 
conditions in the present investigation; they 
are confident that if the spicules had been 
anything other than beryl they would have 
been detected by the Raman microprobe. 
Consequently, the birefringent crystals at the 
ends of cone-shaped spicules are most 

Figure 6: Nailhead spicule with multicomponent 
filling in Nacken synthetic emerald. lOOx. 

491 

Figure 7: Elongated spicule with multicomponent 
filling in Nacken synthetic emerald. lOOx. 

Figure 8: Elongated channel parallel to the 
c-axis with multicomponent filling and shrinking 
bubble. Renishaw Raman microscope. 200x. 
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Figure 9 a, b, c: Element distribution maps 
obtained by electron microprobe analysis showing 
a slightly inhomogeneous distribution of Si, Mo 
and V as components of residual melt trapped in a 
channel parallel to the c-axis. 

probably tiny beryl crystals whose 
orientation is different from that of the host 
synthetic emerald. 

Examination of multicomponent 
inclusions in elongated cavities 

Microprobe analyses showed that the 
substances trapped in various cavities 
(Figures 6, 7 and 8) revealed the 
characteristic X-ray lines of Al, Si, V, Cr and 
Mo. Consequently, these cavities contain the 
ingredients of emerald (Al, Si, Cr) and 
residual quantities of the flux (Mo, V). 
Furthermore, neither sodium nor potassium 
was found in the cavities. These chemical 
data are consistent with the analytical 
results of Nassau (1978,1980). 

Although element distribution maps for 
some cavities (Figure 9a, b and c) revealed 
various inhomogeneities, no different 
phases or distinct phase boundaries between 
different chemical compounds were seen. 
No individual areas which consisted only of 
clearly resolved silicates without 
components of the flux (molybdenum and 
vanadium) or which consisted of only 
molybdenum and /o r vanadium without 
any silicon were observed. 

In Nacken synthetic emeralds, several 
basic types of Raman spectra were obtained 
from the material t rapped in various 
cavities. No differences were observed 
relating specifically to sample type. For 
individual areas of different cavities, similar 
spectra were observed in some cases, but 
varying types of spectra were commonly 
obtained from different areas within one 
single cavity. 

The most simple and frequently 
measured spectrum consisted of a single 
Raman line at about 956 cm-1 with a shoulder 
at about 871 cm-1 (Figure 10a). Other parts of 
the inclusions gave more complex spectra 
containing two additional lines at 830 cm-1 

and in the 425 to 435 cm-1 range (Figure 10b) 
and in most cases, a line at about 714 cm-1 

was also present (Figure 10c, d and e). Less 
commonly, two lines at 894 cm-1 and in the 
313 to 320 cm-1 range were observed. 
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Figure 10: Typical 
Raman spectra obtained 
from multicomponent 
inclusions in spicules 
or channels parallel to 
the c-axis of Nacken 
synthetic emerald 
crystals; the inclusions 
consist of residues of 
a molybdenum- and 
vanadium-bearing flux 
and the ingredients of 
beryl; in spectra 10a to 
We the positions of 
Raman lines of the host 
beryl are indicated by B: 
lOfis a Raman spectrum 
of the beryl host alone. 
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The variation in Raman lines, their 
possible overlaps and their relative 
intensities, indicate that the spectra represent 
several individual components in cavities in 
Nacken synthetic emeralds. 

For the assignment of Raman lines 
measured, major amounts of M0O3 and 
minor percentages of V 2 0 5 have to be 
considered as components of the flux. It has 
also to be taken into account that Li20, which 
cannot be measured directly by electron 
microprobe, could also be a component of 
the flux as it has been used in the past in 
solvents for emerald growth (Flanigen et al, 
1967; Nassau, 1976; Nassau and Nassau, 
1980). In addition, the main components of 
beryl, i.e. Si02, A1203 and BeO could also be 
present in the melt. 

M o 0 3 is characterized by two strong 
Raman lines at 996 and 826 cm-1 (Krasser, 
1969; Py et al, 1977; Mohan and Ravikumar, 
1984; Hirata and Zhu, 1992) and V205 reveals 
two strong lines at 994 and 701 cm-1 (Sanchez 
et al, 1982; Abello et al, 1983; Clauws et al, 
1985; Hirata and Zhu, 1992). Consequently, 
because the dominant Raman lines of both 
oxide phases were not present in our spectra, 
the presence of both molybdenum and 
vanadium in the form of pure oxides was 
excluded. 

The Raman spectrum of the free 
molybdate ion in aqueous solution consists 
of three lines at 897 (strong), 837 (weak) and 
317 cm"1 (medium) (Busey and Keller, 1964; 
Weinstock et al, 1973; Schwab et al, 1985; 
Pope and West, 1995). A similar Raman 
spectrum was reported for a melt of Li2Mo04 

in K2Mo04 (Cape et al, 1976). After 
polymerization, the spectrum of the 
heptamolybdate ion (Mo7024

6_) in solution 
reveals a dominant Raman line at about 
940 cm-1 (Aveston et al, 1964; Griffith and 
Lesniak, 1969; Johansson et al, 1979; Schwab 
et al, 1985), which shifts to, 960 cm"1 

according to the pH-value of the solution 
(Murtaa and Ikeda, 1983; Ozeki et al, 1987). 
The spectrum of the octomplybdate ion 
(Mo8026

4_) in solution is characterized by a 
strong Raman line at about 960 to 970 cm-1, 
in solids several lines were observed in the 
920 to 970 cm"1 range (Aveston et al, 1964; 

Griffith and Lesniak, 1969; Johansson et al, 
1979; Murata and Ikeda, 1983; Ozeki et al, 
1987). 

In lithium borate molybdate glasses, the 
strongest Mo-related Raman line is observed 
at 940 cm-1 with a shoulder at about 880 cm-1 

(Maafi et al, 1993). In lithium phosphate 
molybdate glasses similar Raman lines were 
observed at about 940 cm-1 with a shoulder 
at 880 cm"1 (Chowdari et al, 1993). 

For crystalline lithium molybdates, 
especially for Li2Mo04, no Raman spectrum is 
available to the present authors from literature 
data. Only infrared spectra are reported for 
Li2Mo04 (Clark and Doyle, 1966; Spoliti et al, 
1981; Kurilenko et al, 1988; Badilescu et al, 
1993), for Li2Mo207 (Goel and Mehrotra, 1985) 
and for Li2Mo03 (Badilescu et al, 1993). 

To evaluate a possible presence of lithium 
molybdate in cavities of Nacken synthetic 
emeralds, we examined the Raman spectrum 
of Li2Mo04, a compound which is 
commercially available from ALFA (a 
Johnson Matthey company), Catalog-No. 
48115. The substance was checked by X-ray 
powder diffraction and revealed a powder 
diagram consistent with rhombohedral 
lithium molybdate, Li2Mo04 (JCPDS file 
No. 12-0763) with some weak additional 
lines. The Raman spectrum of crystalline 
Li2Mo04 consisted of a dominant line at 
904 cm-1 with some weaker additional 
Raman lines. Consequently, the presence of 
rhombohedral Li2Mo04 in the cavities of 
Nacken synthetic emeralds can be excluded. 

In addition, it is worth mentioning that no 
Raman lines of lithium vanadate (see 
Feigelson et al, 1972; Ghorai and 
Bhattacharya, 1995; Tang et al, 1995; Zhang 
and Freeh, 1997) were observed. 

Silicate glasses that contain large amounts 
of BeO and A1203 and especially glasses with 
a composition close to that of beryl are 
known (e.g. Riebling and Duke, 1967; 
Dmitriev and Khan, 1971), but Raman 
spectra are lacking. Raman spectra of glasses 
in the silica-alumina system, however, reveal 
one dominant Raman line at about 430 cm-1 

(McMillan and Piriou, 1982; Poe et al, 1992), 
which is also observed in vitreous silica 
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Chatham flux grown synthetic emeralds 

! ̂ ptSlplfiiSII^'' 

Figure 11: Two faceted Chatham synthetic 
emeralds; sizes of the samples 9.2 x 7.3 mm and 
11.4 x 7.7 mm (photo: HA. Uimni), 

During the examination of naiihead 
spicules in hydrothermal synthetic 
emeralds (Schmetzer et al., 1997) and 

Figure 12: Growth pattern cf Chatham 
synthetic emerald consisting of growth sectors 
related to the basal pinacoid (right) and to a 
prism face (left); naiihead spicules occur in the 
basal growth sector. The c-axi$ runs vertically, 
immersion, 5Qx. 

Nacken synthetic emeralds (this article), 
similar inclusions in two Chatham flux 
grown synthetic emeralds were also 
observed- These two faceted stones of 3.31 
and 2.08 ct (Figure 11) from the Gubeiin 
research collection are remarkable because 
they contain tiny crystals at the ends of 
elongate spicules without any contact to a 
special seed plate or to an irregularly 
shaped core. 

In both synthetic emeralds, the 
microscopic examination in an immersion 
liquid revealed a pattern consisting of two 
distinct growth sectors which are related to 
the basal pinacoid and to a prism face 
(Figure 22). Numerous naiihead spicules 
were found as inclusions only in those 
growth sectors related to the basal 
pinacoid. The multicomponent inclusions 
consist of a birefringent tiny crystal at the 
widest ends of the elongate cone-shaped 
spicules, and colourless or yellowish, 
transparent or translucent substances 
within the cones; the spicules are oriented 
parallel to the c-axis (Figure 23). 

The examination of numerous 
birefringent crystals at the widest ends of 
the spicules by micro-Raman spectroscopy 
consistently indicated that they were 
phenakite. The spectra of the material 
trapped within the cones (Figure 14) 
consisted of several sharp Raman lines 
with the most intense and dominant lines 

Figure 13: Naiihead spicule with multi-
component filling in Chatham synthetic 
emerald. 50x. 
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always in the 900 to 1000 cm-1 range. In 
particular, four Raman lines at 925,957,972 
and 989 cm"1 were frequently found in our 
spectra. Raman lines in the 430 and 830 cm*"1 

range were also present. Due to variable 
intensities of these dominant lines, probably 
different substances are trapped in the cone-
shaped spicules of the two Chatham 
synthetic emeralds but some variation 
could be due to differences in orientation. 
This confirms conclusions drawn from 
microscopic examination (Figure 23). In 
both samples, the presence of molybdenum 
as a residual ingredient of the flux was 
proven by X-ray fluorescence (EDXRF). 

(McMillan et al, 1982; Xu et al, 1989; Poe 
et al, 1992). This strong Raman line is 
assigned to a three dimensional, 
polymerized Si-O-Si network or to six-
membered Si-O-Si rings (McMillan et al, 
1982; Matson et al, 1983; Xu et al, 1989). 

Raman spectra of Li20-Si02 and 
Li20-Al203-Si02 glasses have been 
examined by various authors. Glasses with 
lower Li20 contents reveal strong Raman 
lines in the 490,570,950 and 1100 cm-1 ranges 
(Sharma and Simons, 1981; Matson et al, 
1983; Xu et al, 1989; Fukumi et al, 1990; 
Mysen, 1990; Mysen and Frantz, 1992); these 
were not observed in our spectra. Crystalline 
spodumene has two strong lines at 707 and 
356 cm-1 (Sharma and Simons, 1981; Dowty, 
1987), the 356 cm-1 line was not observed in 
our spectra. In Li20-Si02 glasses with higher 
Li20 contents, however, a strong Raman line 
at 830 cm-1 is characteristic and is assigned to 
isolated SKV- tetrahedra (Iwamoto et al, 
1987; Tatsumisago et al, 1987; Umesaki et al, 
1988). In these glasses, the Si04 tetrahedra 
contain non-bridging oxygen atoms. This 
assignment is confirmed by White and 
Minser (1984) for sodium silicate glasses. 

Raman spectra of amorphous BeO show a 
strong line at 683 cm-1 and one weaker line at 
723 cm"1 (Walrafen and Samanta, 1979). 
These two lines were also obtained from 
crystalline BeO, bromellite (Loh, 1968; 
Hofmeister et al, 1987). Because the 683 cm4 

At present, we are unable to present a 
complete and detailed interpretation of all 
Raman lines observed. However, 
comparing our measured Raman lines 
with literature data (Aveston et al., 1964; 
Griffith and Lesniak, 1969; Johansson et al, 
1979; Kasprzak et al, 1982; Murata and 
Ikeda, 1983, Schwab et al, 1985; Oxeki et al, 
1987), we may conclude that several 
polymolybdates are present, especially the 
octomolybdate ion (Mo^O^). In addition, 
the bands in the 830 and 430 cm"1 range are 
assigned to a polymerized network of Si04 

tetrahedra and to isolated SiG4 tetrahedra 
with non-bridging oxygen atoms. 

line is absent from some of our spectra 
showing a distinct 714 cm-1 line (see e.g. 
Figure 10c), an assignment of this line to BeO 
is rather uncertain. 

According to the above data, a possible 
assignment of our Raman spectra obtained 
from trapped residual melt in Nacken 
synthetic emerald is as follows (see again 
Figures 10a tof): 

component A, line at 956 cm-1 with a 
shoulder at about 871 cm-1 

polymerized polymolybdate, especially 
heptamolybdate; 

component B, lines at 894 and about 
317 cm-1 - non-polymerized molybdate; 

component C, line at 430 cm-1 -
polymerized Si-O-Si network or ring; 

component D, line at 830 cm-1 - non-
polymerized Si04 tetrahedra; 

component E, line at 714 cm-1 -
unknown component of the solidified 
(Li-Be)-Al-Si-V-Cr-Mo melt. 

Most probably, the vanadium content of 
the residual melt is incorporated in 
components A to E, as has been already 
described for various hexamolybdates or 
molybdovanadophosphates (Kasprzak et al, 
1982; Buckley and Clark, 1985). 

Consequently, the residual melt trapped 
in cavities of Nacken synthetic emerald 
consists of several components, the main 
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ones of which were identified as polymerized 
and non-polymerized molybdates, Si-O-Si 
networks and isolated Si04 tetrahedra. All 
components of the solidified melt are in the 
vitreous state and no crystalline phases have 
so far been identified. It is interesting to note 
that similar (Li-V-Mo) - (Be-Al-Si-Cr) -
glasses were prepared as intermediate 
substances for the growth of synthetic 
emeralds (Kasuga, 1985 a, b, c, d, e). The 
variation of Raman spectra obtained from 
different parts of a single inclusion indicates 
that the melt trapped within such channels 
and spicules has partly unmixed during the 
cooling process. Similar observations,, i.e. 
phase separations in beryl glasses, have also 
been described by Riebling and Duke (1967). 

At present, we are unable to assign the 
Raman line at 714 cm-1 to a specific 
crystalline or amorphous (vitreous) 
compound. Additional research is needed, 
and synthesis experiments should be 
performed to prepare specific compounds 
with known chemical compositions until one 
is found with this feature. 

Conclusion 
Nailhead spicules in Nacken synthetic 

emeralds consist of cone-shaped cavities with 
tiny crystals, most probably beryl, at the 
widest end and are partially filled with 
multicomponent inclusions. These inclusions 
derive from residual melt and consist of 
vanadium-bearing polymerized poly-
molybdate and non-polymerized molybdate 
from vanadium- and molybdenum-bearing 
fluxes. Additional components of the solidified 
melt are isolated Si04 groups and polymerized 
aluminous silicates. It has been shown by 
optical, chemical and spectroscopic means that 
various cavities in Nacken synthetic emeralds 
contain single or multicomponent, partly 
inhomogeneous vitreous fillings. The fillings 
have partly unmixed during the final stage of 
emerald growth and subsequent cooling. 
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ABSTRACT: For many centuries, fissures in emeralds have been filled 
with oils and other natural substances to enhance their clarity. For 
approximately 15 years, the substances used also comprise various 
artificial resins, mainly epoxy resins. The various substances have 
different stability, but none of the treatments is permanent. Oils are the 
most volatile of the fissure filling media used, but the stone can easily be 
cleaned and refilled. Artificial resins, on the other hand, are much more 
durable, but they also decompose with time and are then hard to remove. 
Because of this, some traders require an identification of these substances 
which can be performed by infrared and /or Raman spectroscopy. 
The first step in fissure filler identification is visual observation by the 
microscope and under long-wave UV-light to estimate the presence or 
absence of a filler and its position in the stone. Then the filler is 
identified with one or both of the above-mentioned methods. At the 
SSEF laboratory, which pioneered the techniques in a complementary 
way, infrared spectroscopy is used as a macro method and Raman 
spectroscopy as a micro method. Once a spectrum is obtained with 
either method, it is compared to the extensive data bank of either 
infrared or Raman spectra of the pure filler substances. The present 
paper summarizes common emerald fillers and describes in detail their 
identification with infrared and Raman spectroscopy. 

Keywords: emerald, fissure fillers, infrared, oil, Raman, resin, 
spectroscopy 

Introduction 

Most varieties of beryl (aquamarine, 
yellow beryl, morganite) are 
generally quite clear and do not 

contain important inclusions. The clarity of 
emerald, in contrast, is usually affected by 
the presence of healed or open fissures. 
While aquamarines have grown with little 

interference in pegmatite dykes and 
pneumatolytic druses, most emeralds were 
formed in metamorphic rocks and 
underwent a more agitated geological 
history. Shearing forces and fluid action due 
to metamorphic processes led to mineral 
transitions and any rigid and large gem 
mineral crystals were prone to crack or break 
under the pressure with consequent 
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Table I: Selection offilters analysed at SSEF.

Category Trade name

oil Universa l Oil (paraffin oil); Johnson's Baby oil; 'MAZOLA' p ure corn oil; olive oil;
Clove oil nat 80-8 2'X,; Roth AG; ceda r wo od oil, Merck; 17196 H.E.Danie l, chinese
cedar wood oil; MC153263 H .E. Daniel, 100% nat.cedar wood oil; CEl08 Spec trum
Q uality Products cedar wood oil; 21695 H .E. Daniel 100% nat . Virginian cedar
wood oil; 23292 H.E. Daniel 100'7'0 nat. ceda r wood oil; Merck Cedarwood oil for
microscop y; Panreac purif ied cedar oil; Cedro oil, Colombia; BPC FIG 34
ceda rwood oil thick micro

coloure d oil green [oban oil, Ind ia

oil/wax paraffin wax; wax from El-Iakimian, N.Y.; spe rm whale oil (hardened)

Cana da ba lsam hardened; for microscop y; 100°,1" natural, ref M; syn the tic, ref Go

artificial resin Opt icon (epoxy resin); Palm oil, Palma (epoxy resin); Permasafe (bisp henole A);
77-309 .RM (bisph enole A); Caldo fix Struers; Epoxy 330; Scandiplex A 911F; LV15
(UV-hardening resin)

silico n 'Sil icon DC4' silicon fat; Luster's PC) Nutrients heen 3 silicon oil

502

formation of fissures. Should physical and
chemical conditions still be favourable to
crystal growth after the main destructive
event, healing of damaged crystals may take
place together with continued growth. If
breakage and fissure formation in the gem
crystals occurred at a much later period, e.g.
during the blasting of the parent rock, the
defects stay unhealed and artificial fissure
treatment then becomes a commercially
attractive step for the miner or stone dealer.

The clarity of an emerald is reduced by
the presence of inclusions - guest crystals,
internal cavities or negative crystals, healing
fissures, structural features and by open
fissures. The latter are especially visible in
Colombian emeralds because most are
otherwise relatively inclusion-free. In
emeralds from other countries (e.g. Brazil,
Russia, Zambia, Zimbabwe-Sandawana,
Afghanistan and India) crystalline inclusions
are more frequent, but fissures are still
present (see e.g. Giibelin and Koivula, 1986;
Epstein, 1989; Kazmi and Snee, 1989;
Laskovenko and Zhernakov, 1995;
Zimmermann et al., 1997).

To improve the clarity of emerald open
fissures may be disguised by impregnating
the stones with some more or less permanent
colourless substances. Although coloured
oils and resins are also used to fill emeralds,

we do not focus on these substances in this
publication. Effective fillers have refractive
properties close to those of emerald. Such
substances comprise oils (natural or
synthetic), resins (natural or with a natural
resin base), glues or artificial resins (Table I).

Fissure treatments have been carried out for
years - see Ringsrud (1983), Nassau (1984),
Hanni (1988), Hurwit, (1989), Themelis
(1990),Kane (1990),Kammerling et al. (1991),
Bosshart (1991a), Shida (1991) and Koivula
et al. (1994).

The identification of the nature of filler
substances in emeralds started to become an
issue when artificial resins, commonly epoxy
resins, were used as fissure filling
substances. When the treatment was
performed on rough stones it masked the
real appearance of the emerald and inhibited
reliable estimation of their true quality.
Furthermore, the durability of the new
substances was questioned when
decomposition of the originally 'invisible'
filler was reported in some stones by
Kammerling et al. (1991) and Federman
(1998). The fillers had turned white and
totally spoiled the stone it was originally
supposed to have improved. Therefore an
increasing number of people involved with
emeralds wanted to identify epoxy-treated
stones, knowing from articles in the
gemmological literature that such an
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identification is possible (e.g. Hanni, 1992; 
Kammerling et ah, 1995; Kiefert and Hanni, 
1996; Chalain et al, 1998; Johnson et al, 1998). 

The present paper is an attempt to guide 
laboratories in identification of fissure 
fillings in emerald, if required. Appropriate 
optical and spectroscopic properties of 
emerald filler substances are described. 
Based on gemmological needs and the 
results of early analyses of one of the authors 
(WW), the substances are divided into three 
major groups, namely oil, Canada balsam, 
and artificial resin (see Table I). Under these 
headings, methods for the detection and 
identification of enhancements in emeralds 
are described in detail. The following two 
steps are necessary to obtain reliable results: 
observation by optical means and 
identification with analytical instruments. 

Fissure treatments 
Open fissures of emeralds are filled with 

substances (air, for example) with a refractive 
index significantly different from that of 
emerald. Light entering the emerald, even at 
high angles of incidence to the fracture, is 
reflected off the surface of the fracture and it 
behaves as if it were a mirror. When these 
fractures are filled with substances with a 
refractive index close to that of the emerald 
the light can pass through the fractures with 
almost no reflection. This cancels out the 
mirror effect and the visibility of the fracture 
is greatly reduced. 

In Colombia, Brazil, and the majority of 
the other emerald producing countries, 
treatments of emerald fissures are first 
carried out on the rough material. If 
cutting intersects unfilled fissures, further 
treatment may take place. Fissure fillers 
usually are heated to reduce their viscosity. 
The substances are then introduced into 
emerald fissures using various vacuum or 
pressure techniques (Figure 1). A number 
of emerald dealers call this technique 
'oiling' (Ringsrud, 1983) regardless of the 
kind of substance used. This causes 
confusion among inexperienced buyers 
who think the treatment of emeralds is 
performed with oil only. 

Figure 1: Vacuum chamber on heating stage. 
This system is in use at the Institute of Earth 
Sciences of Basel University for hardening porous 
rocks to make them workable. For emerald 
treatment, the cleaned stones are evacuated above 
the filler, and then lowered into the substance. 
Normal pressure is admitted when the liquid has 
penetrated into all open fissures and fractures. © 
SSEF Swiss Gemmological Institute. 

In the past, the fact that treatments of 
gemstones have not been communicated or 
declared has caused considerable damage 
to the confidence of consumers. Sales 
figures appear to have gone down directly 
due to law cases concerning filled emeralds 
which were reported by the media. 
Nowadays most trade associations expect 
dealers to disclose the product that has 
been used for enhancement. But such 
disclosures are not always made, and with 
many older stones it is not clear to the 
owner whether such stones have been 
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treated. The situation is further 
complicated by possible multiple treatment 
with different substances at different trade 
levels. 

The various colourless oils, either natural 
or synthetic, appear to be well accepted 
among the trade. Artificial resins, however, 
which have been used for emerald treatment 
for about 15 years, are accepted by fewer in 
the trade. The reasons for this difference in 
acceptance may be the following. 

Oils are mobile to viscous, simple to 
introduce into fissures, but also prone to 
escape if in contact with liquid detergent. 
The fissures are comparatively easy to clean 
out, and stones are readily re-oiled. The 
improvement in appearance due to oil is less 
than with resins since the refractive indices 
of oils are lower (Chalain et ah, 1998). To 
many jewellers the fact that a customer may 
recognize the real state of an emerald when 
the oil drains or dries out may lead him to 
favour resinous substances. 

Artificial resins are more viscous and may 
possess a solidifying character, which the oils 
do not have. Fresh artificial resins with 
higher refractive indices give a better 
enhancement to a stone. They adhere well in 
the fissures, but are difficult to dissolve and 
replace should they have changed their 
appearance or decomposed. 

It is also worth noting that the stability of 
the treatments with organic substances is 
difficult to define and depends on the time 
and temperature specified. When an 
announcement appears in the trade press 
that a well known filling product should at 
the same time be 'permanent ' and also 
'removable' it casts doubt on its stability. 
Compared to the durability of an emerald, 
which can be worn for many centuries 
without damage, none of the treatments 
should be considered as stable. 

Green fillers are also applied to enhance 
not only the clarity but also the colour of 
emerald using green Joban oil, green 
Opticon etc. This treatment, mainly 
practised in India, is easily visible under 
magnification. Emeralds treated in this way 
must be called 'treated emeralds' according 

to CIBJO rules (CIBJO, 1991, 1997). This 
type of treatment is, however, not 
considered in this article. 

Colourless substances in emerald 
fractures are more difficult to detect than 
coloured substances. Some substances have a 
refractive index so close to that of the 
emerald that when observed with the 
unaided eye, the fracture disappears almost 
completely. 

Spectroscopic properties of pure 
filler substances 

The organic substances used to fill 
emeralds either alone or mixed, are 
commercially available. Therefore, their 
properties are well known and Fourier 
transform infrared (FTIR) and Raman spectra 
are readily available (e.g. Hummel, 1990). 

All available organic substances at the 
SSEF Swiss Gemmological Institute which 
could be used to fill emerald have had their 
infrared spectra recorded and the major 
characteristic peaks related to the chemical 
bonds (Figure 2, see Hummel, 1990). Since 
1991, 42 possible filler substances have been 
characterized at SSEF with FTIR 
spectroscopy and stored in a reference 
library for comparison. These include 
various oils and waxes, among them various 
natural and synthetic cedarwood oils and 
Canada balsams, clove oil, olive oil and 
paraffin oil as well as various epoxy resins 
such as Opticon, Palma (Palm Oil) and 
Permasafe which was available in a 
polymerised state. Initially, use of the term 
'Palm Oil' was confusing for those in the 
trade, until the substance proved to be an 
epoxy resin made by Shell and marketed 
under the name 'Epon 828'. The analysed 
products were supplied by a number of 
customers, emerald treaters and chemical 
companies. The technical or trade names of a 
selection of these substances are listed in 
Table I 

The Raman spectra of the most important 
filler substances have also been recorded since 
1995 at SSEF and stored in a reference library. 
The spectral area lying between 1200 and 
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3200 cm' contains the characteristic Raman
peaks for the kind of organic substances used
for fissure fillers without interference from the
Raman peaks of emerald (see below).

According to their spectroscopic
properties, which are closely related to their
physical properties, the fillers can be divided
into three groups: oils, Canada balsam, and
artificial resins (see Table I). While we could
not establish any reliable difference between
the spectra of natural and synthetic oils or
Canada balsams, distinct differences were
observed between the spectra of oils or
Canada balsams on the one hand and
artificial resins on the other (see below).

A comparison of FTIR spectra of oils and
artificial resins shows that the general
distributions of their absorption peaks are
very similar between 2800 and 3000cm'. This
is not surprising since the peaks in this part of
the spectrum are due to C-H vibration bonds
which are present in both organic substances.
An experienced spectroscopist may, however,
note that the relative absorption heights of the
peaks at 2870 and 2854crrr" may differ in oils
and artificial resins (Figure 3a,b). This
difference can be interpreted as giving an
indication of one or the other substance, but
should not be considered as strictly
characteristic, as can be seen in the spectrum of
cedar wood oil (Figure 3c,d).

FTIR spectra of pure substances
After having verified the identity of the

substances in the characteristic spectrum
region below 2000 crrr", we concentrated on
the peaks in the 2800-3100 cm! range which
do not suffer interference from emerald
absorption.

In contrast, it appears that none of the
analysed oils (natural or synthetic) show
significant absorption above 3000 crrr ', while
all artificial resins show clear and typical
absorption (Figure 3a-d). Therefore, the
peaks between 3000 and 3100 crrr' are
important in distinguishing oils from

Identification offiller substances in emeralds by infrared and Raman spectroscopy
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Figure 5: Raman spectra of various cedar wood oils: (a) natural cedar wood oil; (b) synthetic cedar
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artificial resins. Some other, less frequently 
used substances such as Canada balsam or 
clove oil have other characteristic FTIR 
spectra which differ from the spectra of oils 
and artificial resins. A newer artificial resin 
which is marketed under the name 
Termasafe' has a spectrum very much like 
the other epoxy resins (Figure 3e,f, see also 
Fritsch et ah, 1999) and is also a member of 
the Bisphenole A family. 

Raman spectra of pure substances 

In Raman spectroscopy, just as in FTIR 
spectroscopy, oils and resins show different 
peaks depending on their chemical 
composition. Of all the oils identified a 
distinction can be made between two 
different types: one type includes oils jsuch as 
mineral and paraffin oil (Figure 4); the other 
type consists of cedar wood oil (Figure 4), 
which can be natural or produced 
synthetically. The various cedar wood oils 
tested in the laboratory show some variation 
in peak intensity probably due to ageing and 
oxidation. Their major peaks in the lower 
region of wavenumbers at 1441 cm-1, 
1445 cm-1 and 1666 cm-1 occur in all tested 
samples (Figure 5). There is a third oil, which 
may have been used in the past to fill 
emerald and that is clove oil, but it is 
identifiable by its strong smell. However, its 
Raman spectrum differs considerably from 
the spectra of the other oils (Figure 6a), and 
may be confused with artificial resin if its 
smell has been undetected and the peak 
measurements not carefully made (see 
Figure 6d,e,f). 

In contrast to FTIR spectroscopy, the 
Raman spectra of paraffin wax and paraffin 
oil show similar peak positions, but the 
peaks of paraffin wax are sharper due to the 
fact that the molecules in hardened 
substances are less mobile. Thus, the more 
liquid substances appear to have a 
broadening effect on Raman peaks 
(Figure 6a). 

One organic substance which is used to 
fill emerald fissures is Canada balsam which 
may occur as a natural resin but may also be 
produced synthetically. The properties of 

natural and synthetic Canada balsam are 
alike (Figure 6b,c) and just as natural and 
synthetic cedar wood oil properties are 
similar, Canada balsam and the oils used to 
fill emerald have similar chemical properties. 
They are unable to polymerise, so do not 
harden as much as epoxy resins and are 
generally easier to remove from the stone if 
they start decomposing. 

The various epoxy resins marketed under 
the names Opticon, Palma, Epon 828, have 
identical spectra with major peaks 
distinguishing them from the other 
substances mentioned above (Figure 6d,e,f). 
Permasafe differs slightly from the above-
mentioned epoxy resins (Figure 6f, see also 
Figure 3e,f). 

The spectra presented in Figures 4 to 6 
show that a distinction can be made between 
oils, Canada balsam, and artificial resins. 
Other materials such as hardeners for epoxy 
resin or various polishing materials 
(diamond powder, chromium oxide) have 
also been tested and show distinct peak 
positions. 

Storage of the obtained spectra in a 
reference library file is advisable, so that the 
spectra of fillers found in emeralds can easily 
be compared. It is also of advantage to 
examine the whole possible spectral range of 
the substance, but to save the detailed 
spectra only in the range critical for detecting 
fissure fillings in emerald. 

Identification of fissure fillers in 
emeralds 

The aim of this section is to give a detailed 
description of the methods used at SSEF to 
identify fissure fillers. In order to enable 
gemmologists to reproduce these methods, 
this section is written in the style of a manual 
describing various steps in identification of 
fillers, pointing out any difficulties. 

The analysis of fissure filling in emerald 
previously treated with known substances 
by one of the authors (HH) was carried out 
with FTIR as well as Raman spectroscopy on 
several stones and proved that the methods 
produced spectra comparable with the pure 
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Instrumentation 
For successful identification of fissure 

fillers in emeralds, thorough analysis with 
a gemmological microscope, observation 
under UV light, and identification with 
FTIR and/or Raman spectroscopy are 
essential. 

At the SSEF laboratory, microscopic 
observation is performed with a 
gemmological microscope by Bausch & 
Lomb, allowing magnification up to 70x. 
The UV source used is a long-wave 
(365 nm) UV lamp which is part of the 
Dialite lamp supplied by System 
Eickhorst. 

The Fourier Transform infrared 
spectrometer used at the SSEF is a Philips 
PU9800 instrument with Nicolet software 
OMNIC An additional software package 
from Nicolet which contains a number of 
IR data collections including Hummel 
(Polymer), Organics by Raman, Sigma 
Biological Sample Library, Crime Lab 
Sample Library, and Aldrich Sample 
Library allows the direct comparison of a 
measured spectrum with stored data and 
its identification. 

substances. During the last five years, 
successful identifications have been obtained 
on more than 500 stones from customers of 
the laboratory. 

Observation 

Observation of fissures with the microscope; 
for the observation of an emerald treatment, 
a lOx loupe is not always sufficient, while a 
detailed study with the microscope generally 
allows the detection of a filler substance in 
the emerald. It also gives information about 
the extent of treatment and one may also 
form an opinion about the nature of the filler. 
Fractures filled with foreign, artificially-
introduced substances commonly appear 
different from those occupied by natural 
fluids. Fissures which contain natural fluids 
(notably aqueous brine) are often oriented 

A Renishaw 1000 Raman system 
equipped with a CCD Peltier detector and 
an argon ion laser (514 nm) with a power 
of 25 mW was used for filler identification. 
The objective lenses cm the microscope are 
Olympus BH lenses with x5, xlO, x20 and 
x50 magnification. Raman analysis with 
this system can be performed in two 
modes. The first is a mode in which data 
points are coDected over a selected range 
of wavenumbers for a certain time; the 
range can be chosen by specifying a centre 
wavelength, and then the system 
automatically collects data several 
hundred wave numbers to each side. The 
second mode, the extended mode, collects 
data successively over the pre-chosen area. 
This type of analysis makes it possible to 
cover any scan range from 100 to 9000 cm*1 

with a resolution of 2 cm*1 (Gstertag, 1996; 
Hanni et al, 1997). Up to 1999, spectra were 
collected using Renishaw software, and 
then translated into the software package 
GRAMS/386. Since 1999, with the aid erf an 
upgrade of both the Renishaw and the 
GRAMS software, spectra are directly 
recorded in GRAMS. 

parallel to one of the crystal faces, and 
commonly consist of more than one phase 
(liquid, vapour or solid). 

Trapped individual gas bubbles or 
extended 'lakes' of air are a reliable indicator 
for the presence of an artificial filler. 
Frequently, dendritic to lobular structures 
can be observed, showing the distribution 
between the (liquid) filler and a gas phase; 
the oils or resins have refractive indices close 
to that of emerald. As a function of the 
thickness of the fissure, an effect due to the 
dispersion of light may be observed which 
resembles the 'flash effect' observed in 
fissure filled diamonds (Nelson, 1993). 

While oil may create an orangy flash 
effect, flashes which change their colour in 
different light positions appear to be due 
only to artificial resins (Figure 7; Kammerling 
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et ah, 1995). Depending on the orientation of 
the fibre optic light, the flashes may be 
orange, violet, or blue, the blue colour being 
mainly visible when observed almost along 
the fissure plane. However, multicolour 
flashes are not always present in fissures 
treated with artificial resin, and single colour 
orange flashes are frequently observed. 

When fissures are not filled completely, 
dendritic patterns and worm-like structures 
may be observed, sometimes with trapped 
air bubbles {Figure 8). The nature of these 
structures gives an indication of the viscosity 
of the filler but cannot be used for 
identification. 

On drying, the fillers may become opaque 
and then the treated fissures are readily 
visible {Figure 9). This is generally the point 
when identification of the filler becomes a 
factor of significance for buyers of emeralds. 

Before any instrumental analysis is 
performed, it is important to use the 
microscope to locate the most easily 
accessible fillers. The necessary lighting 
includes reflected light, dark field and/or 
fibre optic illumination. The latter allows a 
strong and precise lighting, but, more 
importantly, easier and more flexible 
observation in different directions. Holding 
the emerald with tweezers prevents the 
surface of the stone becoming greasy from 
handling and allows light to enter the stone 
more easily. 

Figure 7: Colour flashes from an epoxy resin 
treated fissure in an emerald. The resin has a 
refractive power close to that of emerald and the 
colours are due to a dispersion effect. © SSEF 
Swiss Gemmological Institute. 

Identification of filler substances in emeralds by infrared and 

Figure 8: Trapped air bubbles and dendritic 
pattern in an epoxy resin-treated emerald. 
© SSEF Swiss Gemmological Institute. 

Observation of emerald fissures under UV 
light: The use of long-wave UV light 
(365 nm) is a convenient tool to observe 
fissure fillings in emeralds. The stone is 
placed on top of the UV light source and 
may be inert or show a reddish colour 
depending on the amount of Cr and Fe in the 
stone; but a different fluorescence colour 
may show in the fissures and can indicate 
the extent of the treatment by virtue of the 
spread and number of fluorescing fissure 
planes {Figure 10). 

Figure 9: Decomposed oil on a fissure plane of 
an emerald. For various reasons it is possible that 
filling media dry out or may decompose. Heat, 
solvents, or ultraviolet radiation may contribute 
to disintegration and lead to a whitish 
appearance which may be easily visible. © SSEF 
Swiss Gemmological Institute. 
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Figure 10: Observation under long wave UV 
radiation (365 nm) can be an effective method for 
judging the amount of treatment and for finding 
the best positions to obtain spectra for filler 
identification. © SSEF Swiss Gemmological 
Institute. 

Like many organic substances, the 
majority of substances used to treat fractures 
in emeralds (oils, balsam, resins) show 
fluorescence under UV light. In contrast, 
most natural fluids are inert, although 
hydrocarbons have been observed and 
described in Colombian emeralds (Bosshart, 
1991b), and it cannot be excluded that they 
may exhibit a similar fluorescence. Again, 
artificially filled fissures may not always 
show fluorescence, especially if the amount 
is small and the filler fluoresces weakly 
Thus, although UV fluorescence may give 
important information, it should not be 
considered as a diagnostic test for 
identification. 

Generally speaking, oils show a yellowish 
fluorescence while many artificial resins that 
react to UV light show a bluish-white 
fluorescence. Although not a complete 
identification tool, this fluorescence allows 
evaluation of the position and the quantity of 
filler in the treated fissure (Figure 10). When 
the fissures are readily visible, it is possible 
to classify the extent of the treatment. At the 
International Coloured Stone Association 
(ICA) meeting in Tucson, 1998, the consensus 
was to use three categories to classify the 

extent: minor, moderate and significant 
(SSEF Standard and Applications, 1998). It is 
emphasized that these grades do not replace 
a judgement by the dealer who has to 
evaluate the general quality of the stones. For 
example, if a small single treated fissure is 
situated at the centre of the table of an 
emerald, its extent may be classified as 
minor. But after the substance decomposes, 
the visibility of the fracture may have a 
significant impact on the overall appearance 
of the stone. 

The observation of emerald fissures under 
UV light combined with microscopic 
observation, allow location of treated fissures 
in stones and is an important step in 
preparation for point analysis with the 
Raman microprobe or with infrared 
spectroscopy (see below). 

Thus observation of emerald fissures with a 
microscope and UV light enables the 
gemmologist to conclude if a foreign 
substance is present or not, and although some 
features of emerald fillers such as a certain 
dendritic pattern or a certain UV fluorescence 
may give an indication of the type of substance 
present in the emerald, positive identification 
of the substance can only be carried out by 
FTIR or Raman spectroscopy. 

Identification by spectroscopic analysis 

The identification of individual 
substances is restricted to laboratory 
techniques. The first analyses of these 
substances at SSEF Swiss Gemmological 
Institute were carried out in 1991 using 
infrared spectroscopy (see Figure 11), and in 
1995 SSEF acquired a Raman spectrometer. 
Since then both FTIR and Raman spectra 
have been obtained routinely to analyse 
fissure fillings in emeralds. 

It is important to note that the 
interpretation of spectra obtained with both 
techniques relies strongly on comparison 
with known reference spectra stored in a 
database. Thorough analyses to characterize 
the chemical nature of the substances were 
carried out in 1993 by one of the authors 
(WW) and led to a decision at SSEF to group 
the substances into three distinct groups; oil, 
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Canada balsam, and artificial resin. Any 
further distinction (such as that between the 
different types of oils) is too time consuming 
and difficult to obtain with the spectroscopic 
means usually present in a gemmological 
laboratory to be economically justifiable. 

Methods of FTIR analysis: Infrared 
spectroscopy is one of the most efficient 
analytical techniques to characterize organic 
materials. IR spectroscopy is a vibrational 
spectroscopy, which measures the energies of 
vibrating molecules in the infrared spectral 
area. For over fifty years, organic compounds 
have been studied and their structures 
explained on the basis of IR spectra. IR 
spectra are considered as characteristic 
'fingerprints' for given compounds. Large 
catalogues and collections of spectra are 
available to enable identification and 
comparison when unknown materials are 
investigated (Hummel, 1990; Moenke, 1962; 
Sadtler, 1973). 

At SSEF, FTIR spectroscopy is performed 
in two modes: one is direct transmission, 
where the analysing beam is transmitted 
through the sample; the other is 
measurement in reflection-absorption mode 
using diffuse reflectance equipment where 
the analysing beam is directed onto the 
sample placed on a flat mirror and covered 

by a hemispherical mirror. Thus the beam is 
focused through the sample by the mirrors 
before being collected by the detector. Tests 
have also been performed in a third mode, 
with a 5x beam condenser (KBr lens), but the 
signal obtained with the diffuse reflectance 
accessory was stronger and the method 
quicker. 

Although the majority of samples are best 
analysed by the diffuse reflectance method, 
there are samples in which it is necessary to 
analyse fissure fillings by direct transmission, 
either because they are too large to fit into the 
sample chamber for diffuse reflection (more 
than 40 ct), or because they are mounted in 
jewellery. To perform analysis by direct 
transmission, a baseline has to be recorded 
by measuring the infrared beam in the empty 
sample chamber. After this, the stone, 
mounted onto a sample holder, is placed into 
the beam making sure that it does not contact 
any masking or plastic. In order to obtain 
good results with FTIR absorption analysis, 
either a significant amount of filler substance 
must be in the stone or the infrared beam 
must be focused through a fracture which 
has been located previously (e.g., with UV 
fluorescence). There are several difficulties 
using the direct transmission method, the 
main ones being: 
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Figure 11: FTIR spectra from 1991 of untreated emerald (red), of Opticon epoxy resin (blue), and of an 
Opticon treated emerald (green). Within the transmission area of emerald between 3500 cmr1 and 2400 crrr1; 
the major absorption of the artificial resin is clearly visible. © SSEF Swiss Gemmological Institute. 
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Figure 12: Diffuse reflectance accessory used at 
the SSEF fitted to the Philips (PU9800) FTIR 
spectrometer. In contrast to the micro-method of 
analysis with Raman spectrometry, this type of 
FTIR analysis is a macro-method giving an average 
result. © SSEF Swiss Gemmological Institute. 

• intersecting at least one larger fissure to 
give a sufficiently strong filler signal; 

• selecting an orientation of the stone so 
that the emerging beam reaches the 
detector; 

• obtaining a transmitted beam of sufficient 
energy. 

It can take a long time to adjust a stone to 
produce a measurable signal, and since the 
path of the beam through the stone cannot be 
exactly monitored, it could well pass beside a 
treated fracture. The results therefore must 
be critically assessed. 

In absorption-reflection analysis the diffuse 
reflectance accessory tool of FTIR 
spectrometry (Figure 12) has the advantage 
that the beam can interact with a large 
volume of the stone. The equipment consists 
of a flat mirror on which the stone is placed. 
A baseline spectrum is recorded for the 
ambient condition in the sample chamber 
and then the sample is placed into the path of 
the beam and covered with a hollow mirror 
which reflects the refracted beam back onto 
the stone. In this way we are dealing with a 
macro-method that accumulates analytical 
information from various fissures in different 

parts of the stone. Contrary to the analysis of 
a directly transmitted beam, it is not crucial 
to look for a special path through the stone 
(i.e., the beam does not have to be focused on 
a fracture as precisely as with the direct beam 
method). The orientation of the stone is, 
however, important, because the absorption 
bands of OH-vibrations are close to the 
spectral area of analysis and cause structural 
effects which interfere with absorptions of 
C-H-vibrations of the substance to be 
analysed (Figure 13). 

Generally, better results are obtained 
when the beam interacts with a larger 
sample, but if the sample is too big, a rather 
large loss of energy of the reflected beam 
may occur. If a filler substance located using 
the microscope cannot be identified with this 
equipment it is necessary to apply a more 
localised analysis with micro-FTIR or Raman 
micro-spectroscopy 

FTIR spectra of fissure fillers in emeralds: 
Untreated emerald from any natural source 
shows total absorption below 2400 cm-1 and 
above 3400 cm-1 with a transmission window 
between 2800 and 3100 cm"1 (Figure 11). The 
spectra are, however, influenced by the 
crystal orientation of the emerald (Figure 13). 
Therefore, tests have been carried out to 
define the best orientation for recording 
spectra of treated emerald. A more detailed 
description of the influence of emerald 
orientation on FTIR spectra will be given in a 
later article (Chalain et ah, in preparation). 

As shown with pure substances, the FTIR 
spectra of emerald fillers present two 
characteristic areas which can be used for 
identification. The best absorption region for 
organic substances such as C-H groups and 
cyclic aromatic substances is between 1700 and 
1600 cm-1. However, the emerald spectrum 
shows complete absorption in this region and 
cannot be investigated. The second 
characteristic region for filler substances lies 
between 2800 and 3100 cm-1, in which emerald 
shows an absorption minimum. Therefore, 
this region is suitable for analysis. When an 
FTIR analysis is performed on a treated 
emerald, a combination of the absorption 
spectrum of the filler substance and the 
emerald spectrum is obtained (Figure 11). 
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Emeralds treated by one of the authors 
(HH) with known substances showed that 
none of the emeralds treated with oil possess 
any absorption between 3000 and 3100 cm-1 

(Figure 14a), while all emeralds treated with 
various artificial resins do show 
characteristic absorption features in this 
region (Figures 11,14b,c). Emerald treated 
with Canada balsam has yet another typical 
feature which makes it distinguishable from 
emeralds treated with other substances. 
Based on these results, FTIR spectroscopy 
enables distinction between emeralds treated 
with oil, with artificial resin, or with Canada 
balsam. The study was continued by 
including various treated emeralds with 
newer substances, which were sent to the 
laboratory for scientific analysis. Two 
emeralds were sent to the SSEF laboratory by 
A. Groom, who promotes emerald treatment 
with his substance called 'Gematrat'. 
Unfortunately the pure substance was not 
supplied. The FTIR spectra of the analysed 
stones show features similar to those of 
epoxy resins, so that the substance can be 
classified in the group of artificial resins 
(Figure 14b). Five emeralds donated by 
R. Giraldo of Colombia, had been treated 
with 'Permasafe' and a comparison of the 
spectrum with the solidified substance 

shows good agreement with epoxy resin 
(Figure 14c). Due to its spectroscopic features, 
Permasafe is also classified as artificial resin. 

When performing FTIR spectroscopy, care 
has to be taken that no pollutants adhere to 
the emerald. When the whole stone is 
analysed by FTIR spectroscopy, such 
pollutants may disguise a relatively pure 
stone and may lead to misinterpretation. 
Among potential pollution sources are the 
grease from fingers when handling the stone 
without tweezers, refractometer fluid when 
the refractive index has been performed 
before FTIR analysis, or detergent from the 
water with which the specific gravity of an 
emerald has been determined. To avoid such 
effects, care must be taken to clean the 
emerald thoroughly prior to analysis, 
preferably with alcohol or acetone. 

Raman micro spectrometry: The Raman 
spectrometer is equipped with a microscope 
for selecting the analytical area and targeting 
the beam to the selected spot. The advantage 
of this instrument is the ability to focus inside 
a sample to several millimetres depth. In this 
way, gemstone inclusions as small as 2 um can 
be investigated (see e.g., Dhamelincourt and 
Schubnel, 1977; Dele-Dubois et al, 1980; 
Hanni et al, 1997; Koivula and Elen, 1998), 
and this makes it convenient to focus into the 
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Figure 13: FTIR spectra of 8 and co vibrations of emerald show distinct variations in absorbance of 
OH-bonds within the 'transmission window' between 3200 cmr1 and 2600 cm'1. © SSEF Swiss 
Gemmological Institute. 
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Figure 14: FTIR spectra: (a) emerald treated with oil; (b) emerald treated with 'Gemairai'; (c) emerald
treated with 'Permasafe'. © SSEFSwiss Gemmological Institute.

fissure of a fracture-filled emerald where
spot analysis can be performed.

In comparison with diffuse reflectance
FTIR spectroscopy where a large part of the
stone is analysed, Raman spectroscopic
analysis is applied to a small spot, which has
to be chosen first using a microscope. It is very
important to perfectly focus the beam onto the
area to be analysed. Even then a result is not

always obtained and very often several
different areas have to be analysed. This may
make the method very time consuming.

Fissure fillers have two characteristic
regions in their Raman spectra which do
not interfere with the emerald
peaks: 1200-1700 cm! (Figure 15) and
2800-3100 crrr'. Although the second area
generally displays more intense peaks than the
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Figure 15: Raman spectra ofOpticon epoxy resin (top), of emerald without treatment (bottom), and of 
an Opticon-treated emerald (middle). The valuable peaks are in the 1200 to 1800 cmr1 area where the 
vibrations of organic fillers are visible. © SSEF Swiss Gemmological Institute. 

first, it may be masked by a strong Raman 
fluorescence of the emerald due to the 
wavelength of the selected laser source. 
Therefore the first range from 1200 to 
1700 cm-1 is used routinely for filler 
identifications by Raman spectroscopy at SSEF 
(Hanni et al. 1996; Kiefert and Hanni, 1996). 

The fact that this analysis can be carried out 
using a finely focused beam on a small area 
(Figure 16; Ostertag, 1996) makes it a much 
more precise method than non-focused FTIR 
spectrometry. Therefore, where a treatment is 
visible with microscopic methods or where 
FTIR analyses are insufficient for a positive 
identification, the Raman microprobe often 
supplies a positive response. 

Raman spectra of fissure fillers in emeralds: as 
mentioned above, the Raman spectrum of 
emerald itself shows a number of distinct 
peaks between 100 and 1100 cm-1 (Figure 15), 
which are constant for emeralds from many 
different source areas. Due to the chromium 
content of an emerald in combination with 
the selected wavelength of the laser source, 
the background of the spectrum starts to rise 
at approximately 2500 cm-1 and increases 
towards higher numbers. This may mask 
some of the peaks of the filler substances 

between 2700 and 3100 cm"1. Therefore, 
when doing Raman analysis on emerald 
fillers more attention should be given to the 
spectral area between 1200 and 1800 cm-1 

where interference with the emerald 
spectrum is minimized and good spectra of 
fissure fillers are obtained. 

Figure 16: The laser beam of a Raman 
spectrometer focused in the middle of a transparent 
crystal. At the focus the excited volume is a few 
cubic microns. Photo by Thomas Ostertag. 
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Figure 17: Raman spectra: (a) emerald fissure with cedar wood oil; (b) emerald fissure with a mixture of 
cedarwood oil (1440-65 and 1667 cm.'1) and artificial resin (1609 cmr1). The peak at 1387 cmr1 indicates 
emerald. © SSEF Swiss Gemmological Institute. 

Figure 15 shows the Raman spectrum of an 
emerald and the spectrum of a typical epoxy 
resin, in this case 'Opticon'. When an epoxy 
resin is encountered in an emerald fissure, the 
spectrum may vary from a strong signal to a 
very weak outline of the major peak which, 
however, is always visible to a certain degree. 
In contrast, emeralds filled with cedar wood 
oil show a different spectrum (Figure 17a). 

Mixtures of various substances are 
generally also identifiable. Raman spectra of 
the more recent /Gematrat, from the United 
States showed that it possesses spectroscopic 
properties consistent with a mixture of artificial 
resin and oil. Multiple fillers which may be the 
result of incomplete cleaning and refilling with 
another substance could also show similar 
mixed substance spectra (Figure 17b). 

As in FTIR spectroscopy, care must be 
taken about any pollution from such sources 
as dop stick glue. 

Discussion and conclusions 

Experience in day-to-day laboratory 
routine shows that over the past few years 
identification of fissure fillers in emeralds 
has been receiving more and more 
attention in the trade due to new 
substances being introduced as fillers. The 
properties of these new substances such as 
ageing behaviour and removability are 
generally not well known and those in the 
trade are concerned about the reversibility 
of a filling process when the new filler 
substances are applied. 
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The identification of fissure fillers 
presents a challenge for gemmologists in 
laboratories, who, up to now have mostly 
specialised in inorganic chemistry and 
mineralogy They have to become familiar 
with organic chemistry, as the commonly 
used fillers are organic substances. 
Therefore, identification of filler substances 
mainly relies on the comparison of spectra 
obtained by FTIR or Raman methods from an 
emerald with those of known substances. 

As has been frequently observed in the use 
of mineralogical techniques the experience of 
the laboratory shows that FTIR and Raman 
analyses are complementary. On the one 
hand, certain substances which cannot be 
identified with FTIR spectroscopy can easily 
be identified with Raman spectroscopy On 
the other hand there are certain substances 
which are difficult to identify with Raman 
spectroscopy but are readily identifiable with 
FTIR. Oil in emerald fissures, for example, 
shows a spectrum which is difficult to 
interpret when the same is analysed with an 
argon ion laser, but gives good results with 
FTIR spectroscopy. Which one of the two 
spectroscopic methods is applied first 
depends on the position of the fissures and 
the quantity of substance in the emerald. 

The identification techniques are 
complementary to microscopic observations 
and results obtained by UV light viewing. 
For an experienced observer, these two latter 
methods can be used as an indication of a 
fissure treatment and an estimation of the 
quantity of filler(s) present. 

Using spectral methods for identification, 
the analyses of filler substances in emeralds 
may sometimes be difficult to interpret 
because: 

• there may be variations in infrared 
absorptions of the emerald due to 
anisotropy, as a function of its orientation; 

• more than one filler substance may be 
present in the interior of the stone which 
presents a mixed spectrum; 

• the fissures may be filled with artificial 
resins other than epoxy resins (Table I) 
and may not have aromatic bondings. 
Continuous research is necessary to keep 
in contact with developments. 

Synthetic or artificial? 
To some people in the trade it makes 

a big difference if a filler substance is 
natural or synthetic. They think that a 
synthetic product is worse and less 
acceptable. As a matter of fact, synthetic 
substances (by definition of the term) are 
analogues to their naturally occurring 
counterparts. Synthetic cedar wood oil 
or synthetic Canada balsam for example 
have basically the same properties as the 
natural ones. They possess chemical 
compositions and structures that cause 
the same optical effects and removability 
from the stone. Therefore, in the context of 
emerald treatment it is unimportant to 
differentiate whether a given substance is 
in its natural state or duplicated by a 
synthesis. The characteristics as fillers axe 
the same. 

In contrast to this, artificial 
substances do not have a natural 
counterpart and are newly designed 
substances with new properties. Epoxy 
resins possess chemical structures that 
were invented and designed by chemists 
and material scientists. Some of the 
properties are welcome as emerald 
enhancers, others are not. The ability to 
form long molecular chains and to 
polymerise makes them more durable in 
some respects, but also difficult to 
remove once applied. Usually epoxy 
resins have a refractive index closer to 
emerald than oils. This makes it hard for 
the jeweller and goldsmith to evaluate 
the extent and position of the treatment, 
and damage may occur during setting. 
The difference should therefore not be 
made between natural and synthetic, but 
between natural and synthetic on one 
side and artificial on the other. 

Recent laboratory experience at SSEF 
indicates that about 5 per cent of emeralds 
examined contain fillers which cannot be 
positively identified. These are generally 
stones in which the filler has decomposed and 
become opaque, perhaps losing its original 
homogeneous chemical characteristics. 

Identification of filler substances in emeralds by infrared and Raman spectroscopy 
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Beryl crystals from pegmatites: 
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ABSTRACT: Surface microtopographs of {0001}, {1010} and {1121} faces, 
growth sectors and growth banding, distribution of inclusions and 
growth dislocation, and the associated strain fields in single crystals of 
beryl from four pegmatite localities have been investigated by means 
of optical microscopy, X-ray topography and etching methods. Based on 
the observations, the processes of incipient crystal growth, growth 
fluctuations and partial dissolution of beryl in a pegmatitic environment 
could be analysed. Single crystals of beryl record clearly multiple 
changes and fluctuations in growth parameters and directional flow of 
nutrients during formation of the pegmatites. Entrapment of solid and 
liquid inclusions, generation of dislocations, and morphological changes 
have occurred in association with these changes and fluctuations. It has 
been confirmed that beryl crystals grew by the spiral growth mechanism 
with elemental step heights on {0001} and probably on {1010} 
faces throughout their growth histories, whereas {1121} faces only 
appeared as transitional faces during recovery after periods of partial 
dissolution. 

Keywords: beryl, crystal growth, pegmatite, X-ray topography 

Introduction 
Pegmatites are major sources of coloured 

gemstones such as beryl (aquamarine, 
heliodor, goshenite, etc.), tourmaline, topaz, 
spodumene (kunzite, hiddenite) and 
chrysoberyl (cat's-eye). Crystallization of 
these minerals in pegmatites takes place in 
supercritical vapour phase conditions or in 
high temperature hydrothermal solutions 
which occupy voids in a solidifying magma. 
In such voids, crystals can grow freely, with 
little interference from the growth of co
existing crystals. Large, well-developed, 

transparent and near-perfect crystals can be 
formed and these are suitable for cutting. 

Pegmatite formation represents the latest 
stage of magmatism, when volatile 
components such as H 2 0 , C0 2 , Cl2, F2 and 
large cations such as the rare earth elements 
(REE) and radioactive elements, which 
cannot find suitable sites in the structures of 
the rock-forming minerals, are concentrated. 
Although various magmatic series may 
develop pegmatites as a result of differential 
crystallization, those producing gem-quality 
crystals are principally granitic pegmatites. 

© Gemmological Association and Gem Testing Laboratory of Great Britain ISSN: 1355-4565 
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Although we know broadly the formation 
conditions of pegmatites, we do not yet have 
sufficient knowledge about how the crystals 
grew or about the nature of changes or 
fluctuations in growth parameters. To clarify 
such a problem, the best way is to investigate 
the constituent minerals and particularly the 
surface microtopography of their crystal 
faces, their morphology, and their physical 
imperfections and chemical inhomogeneities. 
The external morphology of crystals 
provides information on growth conditions. 
The surface microtopographs of crystal faces 
reflect the growth processes and any partial 
dissolution processes. The internal 
morphology of crystals is the record of 
growth or partial dissolution processes, 
growth rate anisotropy among different 
crystallographic orientations, and growth 
rate fluctuations in one growth sector, or 
among crystallographically equivalent 
orientations. The spatial distribution of 
dislocations and inclusions may be 
correlated with events that took place during 
the growth process of the crystal. For 
successful investigations of this kind, single 
crystals of high perfection and homogeneity 
are required to reveal delicate changes in 
these features. 

Despite severe post-growth histories, 
diamonds are a good example of a mineral 
species whose growth features have 
survived and have been investigated to 
explain growth histories; this knowledge 
also enables natural and synthetic diamond 
to be distinguished (Sunagawa, 1995). 
Therefore, this type of investigation forms an 
important basis not only for earth sciences 
but also for gemmology 

The stability field of beryl is the widest 
among eight Be-containing minerals 
(behoite, bertrandite, beryl, beryllite, 
bromellite, chrysoberyl, euclase and 
phenakite) of 18 minerals belonging to the 
BeO-Al 2 0 3 -S i0 2 -H 2 0 (BASH) system 
(Barton, 1986), and ranges from about 320° to 
680°C in pressures up to 10 kbar. 

Single crystals of beryl from pegmatites 
have been investigated using X-ray 
topography by such investigators as 
Scandale et al (1979, 1990, 1993), Graziani 

et al (1981,1990), and Yoshimura et al (1985). 
Scandale (1996) has recently reviewed these 
results, and analysed the growth histories 
and the relation between optical anomalies 
and element partitioning during growth. 
Observations on morphology, growth and 
etch figures on crystal faces and inclusions 
have been summarized by Sinkankas (1981). 

The purposes of the present study are: 

1. to correlate the imperfections and 
inhomogeneities in single crystals of beryl 
revealed by polarization microscopy, with 
those revealed by X-ray topography and 
etching methods; 

2. to analyse the growth mechanism from 
surface microtopography and spatial 
distribution of dislocations; 

3. to trace the morphological evolution 
during growth history; and 

4. to interpret these results and deduce the 
growth history of each crystal. 

The present study is principally focused 
on crystal growth phenomena and subtle 
physical imperfections. 

Samples and procedures 
We have investigated 19 single crystals of 

beryl obtained from pegmatites in Australia, 
Brazil and China. Eleven single crystals from 
Heffernan's mine, Torrington, New South 
Wales, Australia, five from Arac,uai and two 
from unknown localities in Minas Gerais, 
Brazil, and one from China have been 
investigated {Table I). Crystals are hexagonal 
prismatic, bounded by basal {0001} and first 
order prism {10T0} faces, with some showing 
second order dipyramidal (1121) faces. Some 
crystals have smooth as-grown surfaces (i.e. 
they retain growth features), but others have 
heavily etched surfaces. 

The surface microtopographs of {0001}, 
{1010} and {1121} faces were observed using 
reflected light in an optical microscope, a 
reflection type phase contrast microscope 
(PCM) and a differential interference contrast 
microscope (DICM). The surfaces were 
coated in silver under vacuum to secure high 
reflectivity, and on such surfaces PCM and 
DICM microscopy can reveal steps with 
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Sample numbers Size Colour Morphology 

1-11 <1 cm - 2 cm transparent hexagonal prism 
yellowish c, m faces present 
pale green 

12-16 3 c m - 4 cm transparent hexagonal prism 
pale green c, m, s faces present 

17 1.5x5 cm transparent hexagonal prism 
pale green c, m, s faces present 

corroded 
18 2x2.5 cm translucent c, m faces present 

19 1 x 7 cm transparent hexagonal prism 
c, m, s faces present 
corroded 

Australia: 
Heffernan's mine, 
Torrington, NSW 

Chirm: 
Unknown 

1-11 <1 cm - 2 cm transparent hexagonal prism 
yellowish c, m faces present 
pale green 

Minos Gerais, Brazil: 
Aracuai 

Unknown 

Unknown 

12-16 

17 

18 

3 cm — 4 cm 

1.5 x 5 cm 

2 x 2.5 cm 

transparent 
pale green 
transparent 
pale green 

translucent 

hexagonal prism 
c, m, s faces present 
hexagonal prism 
c, m, s faces present 
corroded 
c, m faces present 

19 1x7cm transparent hexagonal Drism 

Table I: Some details of the beryl crystals investigated 

Locality 

heights of the order of one nanometre 
(Sunagawa and Bennema, 1982). Both spiral 
growth steps and etch figures were observed, 
depending on faces and samples. 

Solid and two-phase inclusions, growth 
banding and growth sectors were investigated 
under a polarizing microscope by immersion 
in n-methylaniline solution, with RI 1.5702. 

Dislocations were visualized by X-ray 
topography using the Lang method (Lang, 
1978), as well as by chemical etching in HF at 
150°C for three hours. X-ray topographs 
were taken both in prismatic and sectional 
directions. For the former direction, the 
natural prism faces of the crystals were used 
but for the latter direction, sections 2 mm 
thick were cut perpendicular to the c-axis, 
followed by polishing and weak chemical 
etching by HF. Dislocations, growth sectors, 
growth banding, inclusions, and boundaries 
indicating abrupt growth changes were 
clearly discernible on X-ray topographs. 

Observations 

Surface microtopographs 

Surface microtopographs of crystal faces 
(Figures 1,2 and 3) represent the final states of 
the faces, which may be either as-grown 
surfaces or weakly dissolved (etched) 
surfaces, or a combination of both. 

Figure 1 is a low magnification reflection 
photomicrograph of a {0001} face of a 
representative beryl crystal from Heffernan's 
mine, and Figures 2a, b and c are DICM 
photographs at high magnification of a 
{0001} face of a crystal obtained in Teofilo 
Otoni. In Figure 1, spiral step patterns 
originating from a group or an alignment of 
screw dislocations and, in Figure 2, growth 
spirals originating from isolated dislocations 
are clearly visible. Spiral steps in Figure 1 are 
bunched thick steps and those in Figure 2 are 
elemental steps. They are visible, because the 
steps are decorated by impurities. The height 

Figure 1: Low magnification reflection 
photomicrograph showing composite growth 
spirals on (0001) face. Sample No. 6, Heffernan's 
mine, Torrington, NSW, Australia. Bar 1 mm. 

Beryl crystals from pegmatites: morphology and mechanism of crystal growth 
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Figure 2a, b and c: Differential interference contrast microscope (DICM) photographs showing 
elemental growth spirals on a 10001} face. Arrows indicate typical etch pits at dislocation outcrops. 
Sample No. 18, Minas Gerais, Brazil. Bar 500 um. 

of the elemental spiral steps in Figure 2 has 
been calculated to be equal to d(0001), i.e. 
0.92 nm, whereas that of the bunched steps 
in Figure 1 is much higher. 

The observed spiral step patterns are 
essentially hexagonal, following the 
symmetry of the basal face, although a slight 
modification is present at the central turns 

where they show a circular form {Figure 2). 
Step separations between the successive 
turns of elemental spirals are in the order of 
10-200 um. The average ratio of step 
separations vs. step height in elemental 
spirals is 104-6, topographically comparable 
with a profile of 10000 to 1000000 metres flat 
terrace and a cliff of 1 metre. 
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Figure 3: (a)_ Deep etch pits on a {00011 face, (b) Rectangular etch figures on a {1010} face, (c) Etch 
pits on a {1121} face. All on sample No. 17, Minas Gerais, Brazil. Bar 200 um. 

The {0001} faces of some samples from 
Araguai, Minas Gerais, and China show 
corroded surfaces, with a large number of 
point bottomed hexagonal or circular etch 
pits about 1 mm across (Figure 3a). They 
occur either isolated or in clusters and 
growth features are entirely absent from such 
surfaces. However, on the {0001} surfaces 
which show spiral growth steps, small etch 
pits are also visible at the centres of 
elemental growth spirals (e.g. Figure 2a, b), in 
an alignment (Figure 2a), as well as 
independently (Figure 2a, c). Furthermore the 
advancement of elemental spiral steps is 
disturbed, either kinked or retarded, along 
the alignment of these etch pits (Figure 2d). 
All these minute pits are etch pits formed at 
the outcrops of dislocations on the {0001} 
surface. Some are edge dislocations, but 
there should also be some screw or mixed 
dislocations which did not play an active role 
as spiral growth centres and only appear as 
etch pits. 

The {1010} faces of beryl crystals from 
Heffernan's mine are characterized by 
elongated hillocks parallel to the c-axis, 
whereas those from Minas Gerais have 
hillocks of rectangular form elongated 
perpendicular to the c-axis, with curved 

shorter edges (Figure 3b). The rectangular 
patterns usually show a summit at the centre 
and discernible steps on the sloped side 
faces, suggesting the presence of spiral 
growth hillocks on the original as-grown 
surfaces, before they received etching. The 
{10TO} faces of most of the samples show 
weakly or heavily etched surfaces and do not 
retain any original as-grown surfaces. Thus, 
elemental growth spirals were not 
observable on these present surfaces but they 
must be present on the original as-grown 
surfaces. 

The {1121} faces of crystals from Minas 
Gerais and China are characterized by 
heavily developed etch pits only (Figure 3c) 
whose symmetry follows strictly that of the 
face. Step patterns indicative of growth steps 
were not observed on these faces. 

Internal features 

Section perpendicular to the c-axis 

A section cut perpendicular to the c-axis 
of a crystal (No. 12) from Aracuai is shown in 
Figure 4 as an X-ray topograph (a), an optical 
photomicrograph under crossed polarizers 
before (b) and after etching (c). 

525 
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Figure 4: (a) X-ray topograph; (b) 
photomicrograph under crossed polarizers before 
etching of a section cut perpendicular to the c-
axis of a crystal (No. 12) from Aracuai, Minas 
Gerais, Brazil; (c) same section as (b) after 
etching. Dislocations parallel (A), perpendicular 
(B) and inclined (C) to {00011, and the associated 
anomalous birefringence (open arrows in b) are 
indicated. Solid inclusions are indicated by closed 
arrows. Bar 1 mm. 

Comparing Figures 4a and c, dislocations 
parallel, perpendicular and inclined to the 
section can be clearly distinguished. On the 
X-ray topograph (Figure 4a) and the etched 
section (Figure 4c) dislocations parallel to the 
section appear as sheaf-like groups of lines, 
indicated by A. Dislocations perpendicular 
to the section appear as rounded hexagonal 
dots indicated by B. On the etched section, 

they can be seen much more clearly than on 
the X-ray topograph. The rounded hexagonal 
dots are etch pits formed at dislocation 
outcrops. Dislocations inclined to the section 
appear as short lines connecting two 
rounded hexagonal dots, as indicated by C. 
These are dislocation tunnels formed by 
preferential etching along dislocation lines. 
Due to the strain fields around dislocations, 
hexagonal etch pits formed at the outcrops of 
such dislocations are to some degree 
rounded, and the associated etch tunnels 
along the dislocation lines are narrower. 
Dislocations (B) perpendicular to the section 
show distinct anomalous birefringence, 
clearly visible under crossed polarizers 
(Figure 4b, open arrows). Dislocations 
inclined and parallel to the section do not 
give distinct anomalous birefringence 
images. The latter two types of dislocations 
also appear less clearly on the X-ray 
topograph (Figure 4a). From the thickness of 
the section it can be deduced that 
dislocations indicated by C have an 
inclination of about 30° to the c-axis. 

Figure 4b shows the distribution of 
inclusions, which are also visible on the 
X-ray topograph (Figure 4a closed arrow
heads). It should be noted that dislocations 
running perpendicular to the section 
(parallel to the c-axis) are generated from 
these inclusions. 

In Figure 4a, an X-ray topograph reveals 
internal textures more clearly than 
photographs of unetched (figure 4b) and 
etched {Figure 4c) sections. Three distinct 
stages (two boundaries) can be seen on 
Figure 4a; the central superimposed double 
rhombic outlines, surrounded by a slightly 
rounded hexagonal outline and further by a 
malformed hexagonal outline. We 
distinguish three stages - 1, 2 and 3 - during 
the growth process of this particular crystal. 

From the internal textures shown in 
Figure 4a, it is apparent that the widths of the 
successive stages in crystallographically 
equivalent directions, i.e. the growth rates, 
are not the same. The growth rates in the +a: 

direction both between stages 1 and 2, and 2 
and 3, are about three times higher than in 
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the - a : direction. The growth rates in the +a2 

direction between stages 1 and 2 are nearly 
equal to that in the -a2 direction, but decrease 
to a third of the growth rate in the -a2 

direction between stages 2 and 3. There are 
similar changes in the a3 direction. The 
observed variation of growth rates among 
crystallographically equivalent directions 
demonstrates that during the period from 
stage 1 to 2, there was no severe anisotropy 
involved in the growth environment, except 
a weak directional flow along the aa 

direction. However, during the period 
between stages 2 and 3, the presence of a 
strong directional flow of solutions along the 
a: direction has to be assumed. 

A higher growth rate in the +a! and -a2 

directions compared with the -a l 7 +a2 and a3 

directions should be related firstly to some 
extent to dislocations parallel to the section 
which were generated from inclusions at the 
boundary between stages 2 and 3, and 
secondly, but to a lesser extent, to 
dislocations perpendicular to the section 
which were generated from inclusions 
trapped at a rounded corner between stages 
2 and 3. Entrapment of inclusions should be 
related to the change in conditions which 
resulted in the appearance of this boundary, 
and the dislocations from these inclusions 
should have accelerated the growth rate in 
this direction. 

By correlating Figure 4b with 4a and 4c, an 
anomalous birefringence due to strain fields 
associated with dislocations is apparent 
when a section perpendicular to the optic 
axis is viewed under crossed polarizers. 
Beryl crystals often exhibit marked optical 
anomalies under crossed polarizers 
(Figure 5). The present observations have 
demonstrated that dislocations are one of the 
main causes of optical anomalies observed in 
beryl crystals. 

Observations parallel to the c-axis 

Optical observations were carried out in 
immersion liquid under crossed polarizers 
and X-ray topographs were taken parallel to 
the c-axis of uncut prismatic crystals. Since 
the thicknesses of the crystals are more than 

Figure 5: An example of commonly observed 
optical anomalies, most of which are associated 
with dislocations. Section perpendicular to c-axis. 
Crossed polarizers. Sample No. 8, Heffernan's 
mine, Australia. Bar 1 mm. 

a few mm, the quality of the X-ray topographs 
is poorer than those from the 2 mm section cut 
perpendicular to the c-axis; yet important 
information was still obtainable. 

In Figures 6a (a mosaic photograph of 
images of internal textures under crossed 
polarizers) and 6b (a line drawing of 6a), the 
internal textures are most clearly shown in 
the optical photograph. Also in Figure 6 the 
following features can be seen: 

1. elongated tube-like inclusions parallel to 
the c-axis, and another type of inclusion 
concentrated parallel to the {0001} face 
near the termination of the crystal (F in 
Figure 6b); 

2. growth zoning, both strong and faint, 
parallel to {0001}, {10l0}, {1121} and 
associated higher order index faces; 

3. six growth stages as indicated by labels A 
to F in Figure 6b, where growth zones 
parallel to {0001} are truncated by rounded 
boundaries. Starting from the rounded 
boundaries, growth banding is initially 
parallel to rounded higher index faces and 
then to {1121} faces, which eventually 
disappear, and the crystal becomes 
bounded again only by {0001} and {10T0}; 
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Figure 6: (a) Mosaic photomicrograph under crossed polarizers and (b) sketch of section in (a) showing 
the internal texture. Labels A to F in (b) indicate the positions where partial dissolution (A to E) and 
bubbling (F) took place. Sample No. 10, Heffernan's mine, Australia. Bar 1 mm. 

4. the {0001} growth sector occupies five-
sixths of the whole prism in the section, 
whereas the {1010} growth sectors 
amount to only one-sixth throughout the 
growth process. 

An X-ray topograph of the crystal in 
Figure 6 indicated the presence of strain 
fields. To investigate these strain fields in 
more detail, another X-ray topograph of 
another sample from the same locality was 
taken (Figure 7). 

Figure 7 clearly shows contrast images 
parallel and perpendicular to the c-axis. A 
series of bundles of linear contrast images 
originate from two lines parallel to {10T0} 
and nearly perpendicular to the prism 
surface (indicated by arrows). Their origins 
are related to faint lines (contrast images) 
parallel to the c-axis in the central zone of the 
prism. 

Figures 8a, b and c show higher 
magnification photographs of tube-like 
inclusions parallel to the c-axis under crossed 
polarizers. Growth banding, solid and two-
phase inclusions, and associated strain fields 
are discernible. Figure 8a clearly shows that 
the elongated tube-like two-phase inclusions 
originate from near-platy solid inclusions, 
either on their own or in clusters. The solid 
inclusions are, in many cases, inclined to the 
tube-like inclusions and are located not on 
the {0001} surface, but on surfaces which are 
curved or inclined to {0001}. On the basis of 
their distribution, the starting points of the 
tube inclusions appear to be closely related 
to the start of the growth period marked by 
rounded boundaries, i.e. immediately after 
the cessation of partial dissolution. 

The tube-like inclusions are variable in 
shape, some with simply tapering tips and 
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others with tips showing crystallographic 
forms, although all have an aspect ratio 
(length/breadth) of more than 5. The 
presence of linear strain fields extending 
along lines defined by the tubes are visible in 
Figure 8c, indicating that a dislocation is 
generated from the tip. This is most probably 
the origin of dislocations running parallel to 
the c-axis, shown in Figure 4c. Negative 
growth banding is also present (Figure 8c). 
Negative growth banding is due to 
crystallization of the solution enclosed in the 
tube-like inclusion, i.e. it constitutes part of 
the process of formation of a negative crystal. 

Both solid and liquid inclusions densely 
distributed on a plane near and parallel to the 
{0001} surface (Figure 6a) have different 
properties from the tube-like two-phase 
inclusions described above. Their distributions 
in plan and section are shown in Figures 9a and 
b respectively Two-phase inclusions are 
concentrated below the solid inclusions 
directly below the plane. The relations 
between solid and two-phase inclusions are 
just the reverse of those shown by the first type 
of inclusions (Figure 8a). The two types of 
inclusions thus cannot have the same origin. 

Discussion 

Growth history 

At least six stages where partial 
dissolution took place were distinguished in 
crystal No. 12 from Heffernan's mine. Similar 
multiple periods of partial dissolution and 
re-growth have been observed in beryl 
crystals from many other localities. We may 
safely assume that such events took place 
generally during the formation of many 
pegmatites. Growth —» partial dissolution —> 
re-growth events and morphology changes 
in association with these events have been 
encountered in other pegmatitic minerals 
such as topaz (Isogami and Sunagawa 1975), 
quartz and tourmaline. 

The assumption that pegmatite formation 
took place under conditions of an open system 
is confirmed by the fact that directional flow of 
nutrient solutions during the formation of 
beryl crystals has been indicated by the 

S 

Figure 7: X-ray topograph of a crystal from 
Heffernan's mine, Australia. Arrows indicate 
positions of dislocation bundles perpendicular to 
the c-axis, 'g' indicates the direction of diffraction 
plane. Bar 1 mm. 

growth features in many crystals investigated 
(Figure 4). Similar observations have been 
reported by Scandale et al. (1979, 1990, 1993), 
and Graziani et al. (1981,1990). In general there 
is little evidence for directional flow at the 
early stages of growth, but at tfre later stages of 
beryl formation the growth rates on the sides 
facing the flow of solution were twice as high 
as on those on the Tee' side. The increased flow 
rate resulted in the entrapment of solid 
inclusions on the interface, which in turn 
generated dislocations, resulting in further 
acceleration of the growth rates of the crystal 
faces facing the flow. 
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Figure 8: (a) Photomicrograph of tube-like two-phase inclusions formed adjacent to solid inclusions 
(indicated by arrows), (b) Negative crystal, (c) Strain field (arrow A) around a dislocation generated 
from a misfit in the incorporation of the inclusion and negative growth banding (arrows X). Growth 
banding is also present. Sample No. 10, Heffernan's mine, Australia. Bar 500 um. 

Based on observations of growth banding 
in sample No. 10 (Figure 6), the morphological 
evolution of the beryl crystal can be traced, 
and the morphological importance of the 
different faces can be evaluated. 

At the earliest stage, the crystal developed 
a hexagonal tabular habit with an aspect ratio 
(i.e. a ratio of length 11 c versus width _L c) less 
than 0.2, and bounded by {0001) and {10T0} 
faces only. As growth proceeded the aspect 
ratio increased, and at the final stage the 
crystal habit became hexagonal prismatic, 
with a ratio up to 3. The width of the 
hexagonal prism did not change much and 
about five-sixths of the width of the prism 
was already realized during the earliest stage. 
This implies that the normal growth rate of 
{1010} is much smaller than that of {0001}. The 
average ratio of normal growth rates, {0001}: 
{1010}, is about 2 : 1 , measured from the 
widths of concurrently formed growth bands. 

Partial dissolution has taken place 
preferentially and severely at the edges and 

corners between {0001} and {1010} faces, 
resulting in rounded rough hexagonal 
pyramidal surfaces, with higher {hkil} 
indices than {1121}. After a period of partial 
dissolution, regrowth starts and {1121} faces 
start to appear on the partially dissolved 
rounded surfaces, but eventually completely 
disappear. The crystal habit changes to a 
simple hexagonal prism, bounded by {0001} 
and {10TO} faces only, when the growth 
conditions are stabilized. The ratio of growth 
rates of the faces {1121} and {0001} are around 
3.3 to 4.3, and ratio of growth rates of {1121} 
to {10T0} around 5 to 6. 

From the above analysis, it can be 
concluded that: 

1. only {0001} and {10T0} faces are stable and 
persistent faces in beryl crystals in 
pegmatitic environments; 

2. {1121} faces are transient faces which can 
appear only when certain changes (in the 
present case, partial dissolution) occur in 
the growth parameters and which may 
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disappear when the conditions are stable 
again; and 

3. the order of morphological importance is 
{1010} > {0001} » {1121} » {hkll}. 

Dislocations and inclusions 

Two types of inclusions were 
distinguished: firstly, tube-like two-phase 
inclusions elongated parallel to the c-axis 
which originate from solid inclusions are 
common (Figure 8a); the second type is 
shown in Figure 6a, where a group of 
inclusions parallel to {0001} near the 
termination of a prismatic crystal 
characteristically show an origin from two-
phase inclusions and are capped by solid 
inclusions. 

Most solid inclusions which generate the 
tube-like inclusions are probably micas 
distributed principally on partially dissolved 
beryl faces with their crystal axes inclined 
to the elongation of the two-phase 
inclusions. The two-phase inclusions were 
formed 'behind' the solid inclusion, relative 
to the direction of crystal growth, where 
mother liquid was trapped in tubes and 
normal growth could not proceed. Two-
phases appeared in the tube through later 
cooling and when temperatures had 
dropped sufficiently. When an inclusion of 
mother liquid was incorporated, it 
generated dislocations by mismatch of 
lattice planes. The dislocations propagate 
generally along the same direction as the 
inclusion, parallel to the c-axis. The 
outcrops of these dislocations on the 
growing {0001} surface acted as growth 
centres, producing growth spirals. Within 
the occluded mother liquid, some further 
growth on the inclusion walls took place, 
and this resulted in so-called negative 
crystals (Figures 8b and c). 

The second type of inclusion comprises 
two-phase inclusions situated beneath the 
solid inclusions relative to the crystal top 
(Figure 9b). This is the reverse of the relation 
between solid and liquid inclusions of the 
first type and may be explained in the 
following way. If it is assumed that gas 
bubbles stick on a growing {0001} surface, 

Figure 9: Cluster of inclusions parallel to (0001), 
close to the termination of the crystal. Sample No. 
10, Heffernan's mine, Australia, (a) Flan view; 
spiral growth steps on the surface are visible, (b) 
View perpendicular to {0001} with tube 
inclusions and growth banding visible. Bar 
500 um. 

crystal growth will be retarded underneath, 
and the bubbles will be surrounded as 
growth proceeds. This results in the 
formation of inclusions of the second type, 
and indicates that gas bubbles were present 
at this latest stage of beryl formation. 

In Figure 4c, bundles of dislocations 
parallel to {0001} are visible, i.e. 
perpendicular to the c-axis, and they 
originate from solid inclusions present along 
the boundary of two growth stages. In 
Figures 6 and 7, it is obvious that dislocations 
of this type were generated repeatedly 
during the whole growth history of the 
crystal. They originated from a few specific 
prismatic crystal faces (growth stages), and 
while some were inherited from earlier 
dislocations, others were newly generated. 
There is no doubt that these dislocations 
acted as sources for growth spirals on {10T0} 
faces. 
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Crystal growth mechanism 

Spiral growth on {0001} and probably on 
{1010} faces with spiral layers of elemental 
height, i.e. equal to d(00oi) or d(10i0) have been 
confirmed. Both d(0001) and d(10i0) are about 
0.92 ran, nearly equal. But the normal growth 
rate of {0001} is nearly twice as high as that of 
{1010}. To explain this difference, it must be 
assumed either that the density of dislocation 
outcrops is twice as high on {0001} as on 
{1010} or that the elemental height of spiral 
steps is a half of d(10i0) on {10T0} faces and 
equal to d(0001) on {0001} faces. Since there is no 
significant difference in the density of 
dislocation outcrops on X-ray topographs 
(e.g. see Figures 4a and c, or 7), it is reasonable 
to assume that the difference in step heights of 
elemental layers is the probable reason for the 
growth rate difference between the two faces. 

The observed elemental growth spirals on 
the {0001} face are essentially hexagonal, 
following the symmetry of the face. The step 
separation normalized by step heights was 
104-6. Although elemental growth spirals were 
not confirmed on {10T0} faces in this study 
because they received natural etching, two 
types of elongated rectangular patterns are 
present on these faces. One pattern consists of 
growth hillocks elongated parallel to the c-
axis, and the other is a rectangular form with 
curved steps on the shorter sides parallel to 
the c-axis and straight steps perpendicular to 
the c-axis on the longer sides. 

Rectangular growth spirals elongated 
perpendicular to the c-axis, and rhombic 
growth spirals with the shorter diagonal 
parallel to the c-axis have been reported on 
{10T0} faces of beryl and emerald by several 
workers (Griffin, 1950; Sunagawa, 1964). The 
first evidence to prove the spiral growth 
theory (Frank, 1949) was indeed observed on 
{1010} faces of beryl, which exhibited 
rectangular patterns elongated perpendicular 
to the c-axis, in a form of horseshoe due to 
co-operation of right-hand and left-hand 
growth spirals (Griffin, 1950). 

The morphology of growth spirals is 
controlled by the growth parameters. 
Growth spirals take a circular form when 
spiral steps are rough, consisting almost 

entirely of a succession of kinks. They take a 
polygonal form, with the straight sides in 
crystallographic directions consistent with 
the symmetry of the face, when the steps are 
smooth (low kink density). Thus, in terms of 
the growth parameters, circular spirals 
appear when a crystal grows in either higher 
temperature or higher driving force 
(supersaturation) conditions. 

The step separation between the successive 
spiral arms is related to the radius of the 
critical two-dimensional nucleus, which itself 
is determined by the step free energy and the 
driving force. This means that for a smaller 
driving force, i.e. when supersaturation is low, 
a wider step separation is expected. These 
relations were theoretically analysed and the 
ideas were confirmed by observations (see 
Sunagawa and Bennema, 1982). 

Sunagawa (1978) showed that the step 
separation versus step height ratios are in the 
order of 104-6 for crystals grown from a vapour 
phase, and 102-3 for crystals grown from an 
aqueous solution. The values obtained in this 
study of 104-6 suggest that the beryls grew 
from a fluid with a low concentration of 
nutrients, close to a vapour phase. Hexagonal 
and rectangular morphologies of observed 
growth spirals on {0001} and {10T0} faces 
respectively, imply that the growth 
temperature was too low to stimulate many 
kinks and was therefore below the roughening 
temperature of the respective faces. From both 
results, a dilute phase for the formation of the 
pegmatite can be deduced. 

Etching effects after the cessation of growth 

Etch pits of various sizes were observed 
on the crystal surfaces. Small etch pits with 
hexagonal form appear at the outcrops of 
dislocations. On the surfaces of {0001}, {10T0} 
and {1121} faces, much larger and deeper 
etch pits were formed after the cessation of 
beryl growth, but the degrees of etching on 
different crystals differ both within and 
between localities. Some crystals are not 
etched, preserving their as-grown surfaces, 
whereas others are heavily etched and some 
crystals have been reduced to rounded or 
irregular forms full of hollows. 
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Conclusion References 
From the examination of beryl crystals 

from four regions by means of polarization 
microscopy, X-ray topography and etching 
methods, the following issues have been 
clarified. 

1. The crystallization of hexagonal prismatic 
beryl crystals in pegmatitic environments 
is characterized by multiple periods of 
growth and partial dissolution. 

2. The growth rate of {10T0} is about half that 
of {0001}, and about a sixth that of {1121}. 
{10T0} and {0001} are stable faces, whereas 
{1121} is a transient face appearing only 
when growth conditions change. 

3. Solid inclusions, principally micas, 
precipitated on partially dissolved 
surfaces and were the basis of tube-like 
two-phase inclusions. These in turn 
generated dislocations which acted as 
centres of growth spirals. A second type 
of two-phase inclusion results from 
adhesion of gas bubbles in the mother 
liquid on to the crystal surfaces. 

4. The mechanism of spiral growth operated 
on {0001} and {10T0} faces. 

5. Beryl formation in pegmatites probably 
took place in very dilute liquids, close to 
vapour phase conditions. 

6. After the cessation of growth, some 
crystals were etched to various degrees 
with formation of etch pits, whereas other 
crystals preserved their as-grown surfaces. 
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Investigation of the 'haggis rock' 
from the Scottish Borders 

Dr Douglas Nichol 

Wrexham, Wales 

ABSTRACT: The nature and origin of the peculiar spotted rudite known 
as 'haggis rock' from the Peebles area of Scotland has long been 
shrouded in controversy. A re-examination of the rock fragment 
assemblage indicates that the principal pebble constituents include 
clayrock, quartz, chert and igneous rocks and that the amount of each 
varies appreciably even within a single hand specimen. The unusual 
composition and structure of the rock are attributed to mixing of two 
independent clast populations; a rounded pebble population 
resedimented from a shallow water, tidal environment and a matrix 
population of finer grained material with deep-water affinities 
associated with oceanic turbidity currents. The 'haggis rock' beds are 
affected by faulting and appear lensoid in shape. They range up to 5 m 
thick and are traceable discontinuously for at least 60 km. The 'haggis 
rock' is amenable to processing using conventional lapidary equipment 
to produce ornamental pieces but the variations in hardness among the 
diverse pebbles and between the pebbles and matrix need careful 
polishing to produce good surfaces. 

Keywords: haggis rock, rudite, Scotland 

Introduction 

The term 'haggis rock' has been used to 
denote an unusual rudaceous (pebbly) rock 
that, although dark green coloured, contains 
sharply contrasting, uniform sized, 
subrounded to subangular clasts of various 
colours (Figure 1). The striking similarity 
with Scotland's national culinary dish and 
ease of working of the rock have resulted in 
its desultory use in ornaments and costume 
jewellery. 'Haggis rock' has not been 
promoted as an ornamental stone and 
surprisingly has been overlooked by the 
local tourist industry for the souvenir trade. 

Elsewhere in the world, the mining of 
ornamental rocks has undergone spectacular 
development during the last 20 years with 

considerable improvement in both 
productive processes and the machinery 
used. Accordingly, a renewed interest in the 
development potential of 'haggis rock' 
appears apposite. 

The best known occurrences of the rock 
are restricted to a relatively narrow belt of 
country in the vicinity of Peebles in the 
Scottish Borders region of Great Britain 
(Figure 2). 

Geological setting 

Throughout the Southern Uplands of 
Scotland, Lower Palaeozoic turbidite 
sequences predominate. Turbidite is a 
sedimentary rock inferred to have been 
deposited from a turbidity flow or 
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bottom-flowing current laden with 
suspended sediment. Such a current would 
be relatively dense and would move swiftly 
under the influence of gravity down a 
subaqueous slope and spread over the 
seabed or the bottom of a lake. Turbidity 
currents are known to exist at the present day 
and are believed to have produced the 
submarine canyons notching the continental 
slope. They appear to originate in various 
ways such as by storm waves, tsunamis, 
earthquake-induced sliding, tectonic 
movement, over-supply of sediment, and 
heavily charged rivers in spate. Turbidites 
are characterised by graded bedding, poor to 
moderate sorting and well developed 
sedimentary structures. 

The turbidite strata in the Southern 
Uplands are generally steeply inclined with a 
consistent northeast-southwest regional 
strike. They are cut by a series of major 
northeast-southwest trending strike-parallel 
faults. 

Investigation of the 'haggis rock'from the Scottish Borders 

Figure 1: Samples of the 'haggis rock' illustrating 
its characteristic texture. 

The principal outcrops of 'haggis rock7 lie 
within thin to thick bedded, sandy and silty 
turbidite strata which underlie the northern 
part of the Southern Uplands. The 'haggis 
rock' forms discontinuous lenses within the 
Marchburn Formation, a sub-unit of the 
Leadhill Group of mid-Ordovician age and 
adjacent to the Southern Upland Fault (SUF) 
(Figure 2). Possible correlatives of the 'haggis 

Figure 2: Sketch map showing location of the 'haggis rock outcrops. After Ritchie and Eckford (1936). 481



rock' have been recognized by Kelling (1961) 
in the Portpatrick Formation of southwestern 
Scotland. 

The 'haggis rock' can be most readily 
examined in the disused Craigburn quarry 
situated alongside the A703 Edinburgh-
Peebles Road, 1.5 km south of Leadburn 
crossroads (Stone, 1992). National Grid 
Reference NT 237544 applies. Here, the beds 
strike northeast and dip at moderate to steep 
angles northwestwards. Fault-bounded 
outcrops of 'haggis rock' are observationally 
accessible at the northeastern end of the 
quarry. 

Historical background 
The term 'haggis rock' is acknowledged to 

be of considerable antiquity having been 
applied to the rock in olden days by 
quarrymen. Indeed mention is made of the 
rock in the explanatory notes of a geological 
map sheet published in 1871 where the name 
is stated to be of local origin. Other early 
accounts of the 'haggis rock' are given by 
Peach and Home (1899) who provided hand 
specimen descriptions and Ritchie and 
Eckford (1936) who carried out petrographic 
examination of samples collected from several 
localities along the outcrop belt. Ritchie & 
Eckford (op cit) matched approximately 80% of 
the rock-fragment assemblage with older 
rocks cropping out nearby and concluded that 
a large part of the material composing the 
'haggis rock' is of local derivation. They also 
considered the narrow grain size distribution 
and subrounded shape of the pea-sized clasts 
indicative of sedimentation in a quiet, shallow, 
inshore, marine environment affected by tidal 
scour processes. 

In marked contrast, the strata associated 
with the 'haggis rock' are turbidite (greywacke 
and mudstone) beds that are widely described 
as accumulations associated with pelagic, 
open-ocean and deep water environments of 
deposit ion (e.g. Leggett, 1987, and references 

therein). In this deep-water setting, the 'haggis 
rock' apparently represents a deposit of coarse
grained turbidite, perhaps the product of a 
single turbidity flow instigated by a regional 
tectonic event during Ordovician time. 

Thus two very different settings have been 
proposed for the depositional environment of 
the 'haggis rock' and some uncertainty 
remains. From this brief review of the 
literature it is evident that the origin of the 
'haggis rock' remains a matter of controversy. 
Conceivably, the 'haggis rock' comprises two 
independent clastic populations. First, fine 
grained turbidite material similar to that 
composing the neighbouring strata and 
secondly, the pebbly material that originated 
in a shallow water environment but was 
subsequently transported from this 
provenance by turbidity currents and 
recycled into the deeper waters of the basin of 
accumulation. This postulated origin accords 
with the distinctive bimodal grainsize 
distribution exhibited by the 'haggis rock'. 
These two clastic populations combine to 
give a rock which classifies as either a pebbly 
turbidite or fine conglomerate. 

Composition 
The most striking feature of 'haggis rock' is 

the mosaic of colour displayed by the various 
pebble constituents. Lithologies are listed in 
Table I together with colours quoted with 
numerical designations based on the Munsell 
system of colour identification (Rock-Colour 
Chart Committee, 1963). Munsell colours 
were determined on polished specimens. 

The rock-fragment assemblage of the 
'haggis rock' consists predominantly of 
clayrocks with green, grey and black shales 
and brown mudstone. White quartz and grey 
and black chert are subdominant. Igneous 
rock-fragments constitute a diverse group 
and the relative abundance of each clast type 
varies appreciably even within a single hand 
specimen. The igneous clast types include 
red jasper, purple volcanic rock, pink felsite 
and granite and dark green gabbro, dolerite, 
andesite and spilite. 

The matrix material consists of sand, silt 
and clay sized particles. Following 
sedimentation and burial, regional 
metamorphism partially transformed the 
finer grained detrital matrix material causing 
minor mineralogical reconstitution. The 
principal metamorphic mineral is chlorite. 
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Table I: Composition and colour of the pebble clasts in the 'haggis rock',

Rank Lithologies COIO IIr Colour
No, designation

(M II nsctl)

1 Clayrock Pale brown 5YR 5/2

Light brown 5YR 5/6

Light brown 5YR 6/ 4

Mod erate brown 5YR 4/4

Mod erate brown 5YR 3/4

Brownish black 5YR 2/1

Dark green ish grey 5GY 4/1

2 Qu art z Whit e N9

Very light grey N8

3 Chert Black Nl

Medium grey N5

4 Igneou s rocks Medium light grey N6

Moderate red 5R 5/4

Mod erate red 5R4/ 6

Grey ish red lOR 4/2

Mode rate yellow ish brown l OYR 5/4

Dark yellowish brown lOYR 4/2

Grey ish orange lOYR 7/ 4

Grey ish green 5G 5/2

Dark greenish grey 5GY 4/1

53 7

Physical features

The 'haggis rock' beds range up to 5 m
thick and are traceable discontinuously for at
least 60 km along the line of strike. They are
generally affected by faulting and so
outcrops appear lensoid in shape.

Certain samples of 'haggis rock' display a
poorly developed foliation associated with
the main phase of regional metamorphism
and folding. Other structural features
include faults, joints, minor fractures, tension
cracks, discordant veins and open cavities, In
the near surface zone, weathering has
affected these tectonic dislocations and rock
defects and they commonly feature localised
discolouration and a susceptibility to
disintegration. Weathered and fresh rock
range from moderately weak to weak and
strong to very strong respectively.

Invesligation of the 'haggis rock' from the Scottish Borders

The known deposits of 'haggis rock'
either crop out or are concealed beneath thin
overburden and can therefore be worked by
opencast methods. Borehole exploration
would indicate the subsurface extent and
quality of specific 'haggis rock' deposits and
provide geotechnical information for quarry
design purposes.

Processing

Selected material can be processed
satisfactorily using conventional slabbing,
trimming, tumbling and polishing equipment.

The textural features and variable grain
composition affect the polishing
characteristics. The softer matrix material
tends to undercut producing an uneven
polish. To a much lesser extent, variations in
hardness and toughness of the pebble clasts



Figure 3: 'Haggis rock' ornaments. 

also cause irregularities on polished surfaces. 
Nonetheless, a variety of items have been 
successfully produced including pendants, 
paperweights, bookends and costume 
jewellery pieces {Figure 3). 

Conclusions 

'Haggis rock/ formed in a sedimentary 
environment. It is an unusual pebbly 
turbidite or fine conglomerate that crops out 
prominently in the Peebles district of the 
Scottish Borders. It appears associated with 
the turbidite strata within the Marchburn 
Formation which is of Ordovician age. 

The 'haggis rock7 is characterized by a 
bimodal grainsize distribution and a mosaic of 
colour displayed by the pebble constituents. It 
is suggested that these pebbles were recycled 
from a shallower water, tidal environment and 
subsequently combined with finer grained 
detrital material during turbidite 
sedimentation in a deep-water ocean basin. 

These features confer a visual likeness to 
Scotland's national culinary dish and prompt 

considerable interest in the material as an 
ornamental stone. 

The quantity of 'haggis rock' available for 
extraction appears substantial. It occurs as 
concordant, lenticular bodies that range up 
to 5 m thick and which are traceable 
discontinuously for at least 60 km. 

A range of ornaments and jewellery 
including paperweights, bookends, 
pendants and brooches can be produced 
using conventional lapidary equipment. 
Surprisingly, no recent commercial 
endeavour has been undertaken to exploit 
the 'haggis rock' for the ornamental stone 
market. Further exploration appears 
warranted to assess the potential for 
commercial development. 
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A new Brewster-angle meter for 
gem identification 
R.R. Harding,1 RG. Read2 and N.W. Deeks1 

1. GAGTL, 27 Greville Street, London EC1N 8TN 
2. Bournemouth, Dorset 

ABSTRACT: A portable, battery-operated meter for determining the 
Brewster angles of faceted gemstones using polarised laser light is 
described. The Brewster angle range covered is 54-72°, approximately 
equivalent to a refractive index range of 1.4-3.1. Birefringence of more 
than 0.01 can also be measured, and all measurements can be made 
without the need for contact fluid. 

Keywords: Brewster angle, gemstone, laser source, refractive index 

Introduction 
Brewster's Law states that when an 

incident monochromatic ray meets the flat 
surface of an optically denser medium, and the 
reflected ray from this surface is at 90 degrees 
to the associated refracted ray in that medium, 
only those rays polarised in the plane of that 

surface will be reflected (this is why vertically 
polarised sun glasses reduce the glare from 
horizontal reflecting surfaces such as the sea). 
At the Brewster-angle A in Figure 1, the RI of 
the denser medium is equal to tan A. 

The first recorded attempt to use the angle 
of polarization to measure the RI of a 

Figure 1: Where the reflected and refracted rays are at 90°, angle A is the Brewster angle and the 
reflected ray is polarised parallel to the reflecting surface. 
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Laser beam pivoted about this axis 

GEM 

LASER 
BEAM 
TRAVERSE 

HEMATITE = 71° 
RUTILE = 70° 

Figure 2: Schematic diagram showing how a Brewster angle can be measured to identify a gemstone. 
The reflected ray from the laser beam is passed through a vertically polarised filter and imaged on a 
translucent screen. At the Brewster angle the reflected light falling on the screen drops to a minimum. 

540 

gemstone was made by B.W. Anderson1 in 
1941 while testing the newly introduced 
Polaroid polarizing sheet. The method he 
used involved the construction of a 
pantograph type mechanism in which one 
arm was used to rotate a beam of incident 
light about the surface of a gem while the 
second arm duplicated this angular 

Figure 3: Two views of the GAGTL Brewster-
angle meter. The operate button on the test plate 
cover is used to switch on the laser. 

movement. An eyepiece, fitted with a sample 
of the new filter, which was set for vertical 
polarisation against the horizontally-viewed 
plane of the gem's surface, was attached to 
the second arm. This allowed the viewer to 
follow the movement of the reflected ray as 
the incident ray was rotated. At the Brewster-
angle of the gem the eyepiece filter reduced 
the intensity of the now horizontally 
polarized reflected ray to a minimum. 

However, the mechanical complication of a 
pantograph can be avoided by passing the 
reflected ray through a polarizing filter 
orientated for vertical polarization and then 
imaging the result on a translucent screen 
(Figure If. Between 1979 and 1994 several 
experimental Brewster-angle refractometers 
were developed345'6 ranging from fully 
electronic versions using helium neon lasers, 
photo-electric detection of the null point, and 
direct RI readout (in the recession of the late 
80s these were considered to be too costly to 
be commercially viable) to simpler optical 
screen-imaging versions using miniature solid 
state lasers. It is this latter method that is used 
in the GAGTL instrument figure 3) which, for 
reasons that will become clearer later in this 
report, has been called a 'Brewster-angle 
meter7 rather than refractometer. 
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The Brewster-angle meter 
The GAGTL Brewster-angle meter uses a 

solid state laser with a wavelength in the red of 
670 nm as the light source. It would have been 
in many ways desirable to use a low-cost laser 
having an output at the sodium wavelength of 
589.3 nm but one is not yet available. 
However, using a 670 nm laser does have the 
advantage of separating the high-dispersion 
strontium titanate from the lower-dispersion 
diamond (both having almost identical 
refractive indices at 589.3 nm). 

The laser is mounted in a carriage which is 
pivoted in an arc around a test aperture by 
means of a control knob calibrated in Brewster 
angles from 54 to 72 degrees. The reflected ray 
from a gemstone placed over the test aperture 
is passed through a vertically polarized filter 
and imaged on a translucent screen. 

Using the eye as a very sensitive detector 
to low levels of light intensity, the angle of 
the laser beam is adjusted until the image of 
the reflected light falls to a point of minimum 
brightness. This occurs at the Brewster-angle 
for that gemstone where the now 
horizontally-polarized reflected ray is 
reduced to a minimum by the vertically-
polarized filter. This angle is read from the 
calibrated laser control knob and the 
gemstone identified from a set of tables. 

The reason that the instrument has been 
designated a meter rather than a 
refractometer is to avoid confusion with the 
currently well known refractive indices 
derived from measurements based on the 
589.3 nm wavelength. If Brewster angles 
obtained at 670 nm were used to derive 
equivalent refractive indices at 589.3 nm, 
values of dispersion for each individual gem 
would have to be assumed. Such 
assumptions would introduce an element of 
uncertainty which may be quite significant 
for gems whose dispersions were not well 
known and so the simpler procedure of 
recording the angle was adopted. 

Because the reflectivity of a gemstone is 
related to its refractive index, this can make it 
difficult to detect the exact angle of 
minimum brightness for high RI gems. To 
control image brightness, a polarising filter is 

inserted behind the eyepiece lens. The 
eyepiece can then be used as an intensity 
control and rotated until there is just enough 
light to detect the minimum intensity 
Brewster-angle. Normal focusing of the 
image is by push-pull adjustment. 

Identification of gems 

The refractive index range covered by the 
meter is 1.40 to 3.1. Brewster angles can be 
measured to an accuracy of 0.2° at the lower 
end of its range and to an accuracy of 0.4° at 
the top end. Double refraction can be 
measured by rotating the stone in 30 degree 
increments on the test platform, but becomes 
increasingly difficult to detect for values 
around and below 0.2° (equivalent to 
birefringence of 0.01). If not detectable by the 
meter, the presence or absence of double 
refraction can be verified by using a 
polariscope. The method is particularly 
relevant in identifying gems of high RI and a 
selection, in ascending order of Brewster 
angle, is given in Table I. The range of angles 

Table I: Brewster angles of a selection of gems. 

Brewster angle 

55.0-553 
57.0,57.1 
58.2,58.5 
59.5-59.8 
60.3, 60.4 
60.6-61.4 
60.8-61.0 
61.2 
61.8 
61.4, 63.0 
62.0,63.0 
62.3,62.4 
62.9 
64.8-65.1 
65.6,66.2 
66.5-66.9 
67.4 
69.0,69.3 
68.2,70.2 

Gem 

Fire opal 
Quartz 
Tourmaline 
Spinel (natural) 
Sapphire, ruby 
Zircon (low) 
Spessartine garnet 
YAG 
Demantoid garnet 
Titanite (sphene) 
Zircon (high) 
Scheelite 
GGG 
CZ (colourless) 
Lithium niobate 
Strontium titanate 
Diamond 
Synthetic moissanite 
Synthetic rutile 

N.B.: Readings from birefringent stones separated by a 
comma; a dash indicates a range of readings possible from 
an isotropic stone because of compositional variation. 
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given for some gems reflects both theoretical 
(birefringence) variation and that found from 
practical measurement. 

Compared to the standard refractometer, 
the Brewster-angle meter has the advantage 
of providing a wide measurement range 
without the need for a contact fluid. 
Compared to the reflectance meter, it is less 
sensitive to the surface condition of the gem, 
a less than perfect polish simply diminishing 
the sharpness of the minimum brightness 
setting of the laser angle rather than giving a 
misleading low reading. However, a clean 
grease-free gemstone test surface will, with 
most gemstones, produce an improved 
image of the reflected beam in which the 
precise Brewster-angle is indicated by a dark 
horizontal band bisecting the viewed image. 

If one wishes to obtain the RI of a gem at 
589.3 nm from its Brewster angle at 670 nm, 
this can be estimated if one assumes that the 
gem's dispersion varies in a linear way with 
wavelength. The RI can be obtained using 
the following formula: 

RI at 589.3 nm = Tan AG + 
670.0 - 589.3 

686.7 - 430.8 
x D r 

= Tan AG + 0.3154 x DG 

where AG = Brewster angle of gem; 
DG = dispersion of gem as measured between 
the wavelengths 686.7 and 430.8 nm. 

Safety features 

The instrument is powered by two 
standard A A batteries. For safety, and to 
give maximum battery life, the laser can 
only be switched on (by means of a push 
button) when the test platform cover is in 
position. The laser used in this instrument 
is a Class Ilia device (rated at 5 mW) and, 
like pen-type laser pointers, its beam can be 
harmful to the eyes if viewed directly. 
When in use, the meter's laser beam is 
reflected by the surface of the gemstone 
under test and imaged via a polarising filter 
onto a translucent screen. It is this diffused 
and much weaker image of the gemstone 
surface, and not the direct laser beam, 
which is viewed, via a mirror, through the 
instrument's eyepiece. 
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Abstracts 

o; and Mittjs 

He, Ar and C isotopes in coated and 
polycrystalline diamonds. 

R. BURGESS, L.H. JOHNSON, D.R MATTEY, J.W. HARRIS 

AND G.TURNER. Chemical Geology, 146(3-4), 1998, 
pp 205-17. 

Helium, Ar and C isotopic measurements were 
carried out on different qualities of industrial grade and 
polycrystalline diamonds from Africa and Brazil, 
including coated and cloudy diamonds, which contain 
abundant volatile-rich micro-inclusions, and framesites 
and carbonados, which consist of aggregates of micron-
sized diamond crystals interspersed with mineral 
inclusions. In order to selectively release the primary 
trapped He, the diamonds were analysed using an 
in vacuo crushing technique. The He data were combined 
with Ar, K and U data, obtained from 40Ar-39Ar stepped-
heating studies of irradiated fractions of the diamonds, 
and bulk C isotope data obtained from crushed residues. 
Results indicate that coated and cloudy diamonds best 
preserve a mantle signature, with 3He/4He values of 1-7 
Ra and 813C of -5 to -6 %o. Coated diamonds have high He 
and Ar concentration of 10-6 -10~5 cm3/g. Framesites 
have 3He/4He values 0.1-3 Ra and bimodal 813C, with 
modes at -6 and -20 %o. Carbonados have the lowest 513C 
values <-25%o and 3He/4He of < 0.1 Ra. U and K 
concentrations increase progressively from coats to 
framesites to carbonados. Whilst it is tempting to attribute 
low C, low 813C and high U to the influence of subducted 
crustal material, it is likely that implantation of 4He by U-
and Th-rich minerals adjacent to the micro-diamonds is 
also a possible cause of low He isotope ratios. J.F. 

Twinning in natural d iamond. II. Interpenetrant 
cubes . 

W.G. MACHADO, M. MOORE AND A. YACOOT. Journal of 

Applied Crystallography, 31,1998, pp 777-82. 

Single crystals of natural diamond which exhibit an 
approximately cubic morphology are known to have 
grown either: (a) by non-faceted cuboid growth or (b) by 
fibrous growth branching in a multiplicity of (111) 

columns, to give a mean surface orientation of {100}. 
Interpenetrant twins of diamond are uncommon; when 
they occur they are usually coloured and appear (by X-ray 
topography) to have been formed by fibrous growth on a 
twin origin, with the 14 growth sectors adequately filled 
by fibres, without the necessity of branching. R.A.H. 

Behandlung naturlicher Diamanten zur 
Reduzierung der Gelb-oder Braunsattigung. 

K. SCHMETZER. Goldschmiede Zeitung, 97(5), 1999, pp 47-8. 

An announcement by the firm of Lazare Kaplan 
International of a stated new process of improving the 
colour of natural diamond has agitated the trade. The 
statement by LKI announces an irreversible process of 
decreasing yellow and brown tones in natural stones. The 
method of treatment was developed by the General 
Electric Company and according to the statement made 
by LKI was undetectable. More than one hundred stones 
treated by this method have been passed by workers 
without the artificially induced colour being noticed. The 
treated stones have come specifically from the Antwerp 
firm of Pegasus Overseas Limited. Pegasus OL alone is 
selling the treated stones. Despite this limited outlet the 
arrival on the market of these stones is not merely a 
rumour and it is serious when diamonds pass freely into 
the market with certification. 

The available technical literature has had to be 
searched and in particular the literature of patents, to see 
whether previously published reports bear on the 
question in any way. Two reports describing the reduction 
of yellow colouration in diamond have so far been found, 
one involving a high-pressure /high temperature method, 
the other involving irradiation/high pressure/high 
temperature. M.O'D. 

A noble gas study of cubic diamonds from 
Zaire: constraints on their mantle source. 

N. WADA AND J.I. MATSUDA. Geochimica et Cosmochimica 
Acta, 62(13), 1998, pp 2335-45. 

Analyses are presented of 16 diamond samples for 
their isotopic compositions and concentrations of He, Ne, 
Ar and Xe. The results show slight but significant 
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differences from the noble gases and their isotopes in 
MORB, which are discussed. A nucleogenic origin for 
excess 21Ne in the diamonds relative to MORB is 
consistent with their lower 3He/4He ratios. Positively 
correlated excesses of 129Xe and 131_136Xe of < 10 % relative 
to atmospheric Xe ratios, are attributed to the decay of 
extinct 129I and spontaneous fission of extinct 244Pu 
and /or extinct 238U, respectively. From the 3He/4He 
ratios and 40Ar/36Ar ratios, it is suggested that the cubic 
diamonds crystallized in a fluid which separated from a 
mantle source previously enriched in incompatible 
elements. R.K.H. 

Formation of diamond with mineral inclusions 
of 'mixed' eclogite and peridotite paragenesis. 

W. WANG. Earth & Planetary Science Letters, 106(3-4), 1998, 
pp 831-43. 

Two diamonds which contain both ultramafic and 
eclogitic mineral inclusions in the same diamond hosts 
were studied. Diamond L32 contains seven Fe-rich 
garnets, four omphacites and one olivine inclusion, whilst 
diamond S32 contains four olivine, one sanidine and one 
coesite inclusion. Both garnet and omphacite inclusions 
have a basaltic bulk composition, similar to those from 
other localities. All the garnet and omphacite inclusions in 
diamond L32 have positive Eu anomalies (Eu/Eu* 
1.64-1.79). These observations imply that mantle eclogite 
is the metamorphic product of subducted ancient oceanic 
crust. Olivine inclusions from both diamonds have mg 
values (91-92) lower than normal olivine inclusions in 
diamonds from the same kimberlite pipe (92-95). A 
suggested model for formation of diamonds with mixed 
mineral inclusions invokes ascending diamond-bearing 
eclogite (recycled oceanic crust) entrained in mantle 
plumes, undergoing extensive partial melting, whereas 
the ambient peridotite matrix remains subsolidus in the 
diamond stable field. This provides a mechanism for 
transporting diamond from an eclogitic to an ultramafic 
host. Subsequent regrowth of diamond captures mineral 
inclusions of different lithological suites. Partial melts of 
basaltic sources interact with the surrounding peridotite, 
producing lower mg values of the coexisting olivine 
inclusions in the studied diamonds. Diamonds with 
'mixed' mineral inclusions demonstrate that plume 
activity occurred in Archaean cratons. J.F. 

Twinning in natural diamond. I. Contact twins. 

A. YACOOT, M. MOORE AND W.G. MACHADO. Journal of 

Applied Crystallography, 31,1998, pp 767-76. 

Growth histories of contact twins of natural 
diamonds have been elucidated by non-destructive 
techniques of X-ray topography, using both conventional 
and synchrotron sources. The common ' tr iangular ' 
contact twin (made) results from {111} faceted growth 
from a central nucleation site, sometimes marked by an 
inclusion. If this period of growth is followed by one of 
dissolution, then the twinned rhombic dodecahedron 
may result; the dissolution shape of a twinned 
octahedron is the same as the twin of the dissolution 
shape of the octahedron. A peritropic twin consists of 
two macles fortuitously joined on their common (111) 

facets in only approximate twin orientation. In all these 
variants, the composition 'plane' may be far from planar, 
resulting from intergrowth of one twin component into 
the other. R.A.H. 

Australian Chinese writing stone. 

A. BEVAN, P. DOWNES AND J. BEVAN. Australian Gemmologist, 

20(5), pp 178-81, illus. 3 black-and- white, 1 map. 

This appraisal of a decorative porphyritic basaltic rock 
from the Pilbara region of Western Australia details its 
geological occurrence and its mineralogy, petrology and 
physical characteristics. Also known as Chinese writing 
stone (some groups and sprays of lath-like crystals look 
like characters in Chinese writing), and, in Australia, as 
'chook's foot rock' (the laths resembling chicken's feet), 
this material is an attractive carving rock which could be 
fashioned into a variety of items. P.G.R. 

[Mineralogy of rhodonite deposits of the 
Middle Urals.] (Russian with English abstract) 

A.I. BRUSNITSYN. Proceedings of the Russian Mineralogical 
Society, 127(3), 1998, pp 1-11. 

Mineralogical details are presented for the minerals of 
the rhodonite deposits at Malosedelnikovskoye, 
Kurganovskoye and Borodulinskoye, all of which are 
worked out of decorative material. Analyses are tabulated 
for rhodonite, pyroxmangite, tephroite and spessartine, and 
a list of 30 other associated species is presented. R.A.H. 

Occurrence and distribution of 'moganite' in 
agate/chalcedony: a combined micro-Raman, 
Rietveld, and cathodoluminescence study. 

J. GOTZE, L. NASDALA, R. KLEEBERG AND M. WENZEL. 

Contributions to Mineralogy & Petrology, 133(1-2), 1998, 
pp 96-105. 

Raman, XRD (using Rietveld refinement), and CL 
techniques were used to measure the content and spatial 
distribution of the silica polymorph moganite, considered to 
represent periodic Brazil-law twinning of oc-quartz at the 
unit-cell scale, in agate/chalcedony samples of different 
origin. Homogeneous standard samples, which included 
the nearly cc-quartz-free moganite type material from Gran 
Canaria, were analysed by XRD and Raman spectroscopy to 
compare results from these techniques, and provide a 
calibration curve for the Raman results. However, because 
different length scales were analysed by each technique, the 
'moganite content' in microcrystalline Si02 samples 
measured by Raman spectroscopy (short range order) was 
considerably higher than when measured by XRD (long-
range order). The low XRD values result from the presence 
of moganite nanocrystals, nano-range moganite lamellae 
and single Brazil-law twin-planes, that are detected by 
vibrational spectroscopy but too small to be detected by 
XRD. High-resolution Raman analysis can measure 
moganite content, and its spatial variation in 
microcrystalline silica samples, with a lateral resolution in 

/. Gemm., 1999, 26, 8, 543-545 

481



the jam-range. Variations in the moganite-to-quartz ratio are 
revealed by varying intensity ratios of the main symmetric 
stretching-bending vibrations (A: modes) of oc-quartz 
(465 cm-1) and moganite (502 cm-1), respectively. Traces of 
Raman microprobe analyses _L the rhythmic zoning of 
agates showed that the moganite-to-quartz ratio is often not 
uniform; exhibiting a cyclic pattern that correlates with the 
observed CL pattern (colour and intensity). Variations of CI 
and Raman data between single bands in agates suggest 
alternating formation of fine-grained, highly defective 
chalcedony intergrown with moganite, and coarse-grained 
low-defect quartz. Multiple zones indicate dynamic internal 
growth during self-organizational crystallization from 
silica-rich fluids. J.R 

Neol i th ic jadeitite axe from Sobotiste (western 

Slovakia) . 

D. HOVORKA, Z. FARKAS AND J. SPISIAK. Geologica Carpathica, 

49(4), 1998, pp 301-4. 

Numerous archaeological artefacts suggest the 
presence of a Neolithic population in the area between the 
villages of Kunov-Sobotiste-Podbranc, W Slovakia. Early 
linear pottery of the Baden culture, together with polished 
stone artefacts, constrain the time period as early Neolithic 
to middle Aeneolithic. Among the polished stone artefacts 
one, an axe, is unique for its use of jadeitite. EPMA of the 
axe (Na20 9.86-14.91 wt. %) as well as results of detailed 
studies from N Italy and the W Alps, showed the rock had 
a complicated geological history. Since the use of jadeitite 
as a raw material has not been previously recorded for 
finds from either the E Alps, Bohemian Massif or W 
Carpathians, it is inferred that the finished product was 
imported from a distant area, such as NW Italy. J.R 

Mineralien aus der Reisseckgruppe (Karnten). 

G. KANDUTSCH. Lapis, 23( 6), 1998, pp 27-45, illus. in colour. 

Gem-quality crystals of aquamarine, scheelite, smoky 
quartz and amethyst are found in the Reisseck group of 
mountains of the Hohe Tauern, Carinthia, Austria. 
Examples are described and illustrated. M.O'D. 

II ghiaccaio di Argentiere. 
G. MONISTIER. Rivista tnineralogica italiana, 22(2), 1998, 

pp 30-7. 

Exceptional and gem-quality crystals of smoky quartz 
with some fine pink fluorite and reddish-brown sphene, 
occur in the area of the Argentiere glacier, Chamonix, 
France. Specimens can be found in the mineral shows held 
at Chamonix. M.O'D. 

The Rozna pegmati te f ield, western Moravia 
(Czech Republ ic) . 

D. NEMEC. Chemie der Erde: Geochemistry, 58(3), 1998, 
pp 233-46. 

Further investigation of the area surrounding the 
late Variscan Li-bearing pegmatite dyke, on the 
Hradisko hill at Rozna, has revealed a coarse-grained 
muscovite-pegmatite dyke swarm, with the same 
geochemistry as the main dyke, and which together 
represent a pegmatite field. Li mineralization is 
confined to the quartz zone, and mostly consists of 
lepidolite of variable composition. A sky-blue, low-Fe, 
low-Mn elbaite is typical of the Rozna pegmatite field. 
Hydrozircon, cassiterite, monazite, goyazite and 
eosphorite (the last two from alteration of amblygonite-
montebrasite) were examined in detail; EPMA results 
are given. J.F. 

Blue quartz from the Antequera-Olvera ophite , 

Malaga, Spain. 

J.C. ROMERO SILVA. Mineralogical Record, 27(2), 1996, 
pp 99-103. 

Crystals of blue quartz occur as fracture fillings and in 
vugs in altered ophite in gypsum near Antequera, 
Malaga, Spain. The colour is due to inclusions of the rare 
mineral aerinite. Laser ablation MS show a high iron 
content for the aerinite. G.W.R. 

Rubine und verschiedenfarbige Saphire aus 
Ilakaka, Madagascar. 

K. SCHMETZER. Lapis, 24(6), 1999, pp 46-7. 

Gem-quality ruby and variously-coloured sapphires 
are reported from Ilakaka, Madagascar, in an area close to 
the Isalo National Park. Crystals ranging between 0.5 and 
2 ct occur as rubies or as sapphires coloured blue-violet, 
violet, reddish-violet, yellow or orange. Twinning 
lamellae have been observed as inclusions. Details of the 
absorption spectra are given. M.O'D. 

Die wundervollen Achate von Ojo Laguna, 
Chihuahua, Mexiko. 

J. ZENZ. Mineralien Welt, 10(4), 1999, pp 58-63. 

Exceptional and highly-coloured specimens of agate 
are described from Ojo Laguna, Chihuahua, Mexico. The 
location borders Highway no 45 and is about 230 km from 
the Texan city of El Paso. M.O'D. 
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BOOK REVIEWS 

The Koh-i-Noor diamond 

I. AMINI, 1994. Roli Books, New Delhi, pp 257, softcover. 
£6.95. ISBN 81 7436 003 4. 

Very readable mixture of legend and fact with the 
Koh-i-Noor diamond as a theme. M.O'D. 

Chanel joaillerie 

R BAUDOT, 1998. Editions Assouline, Paris, pp 78, illus. in 
colour. Price on application. 

Short history of the life of Gabrielle 'Coco' Chanel and 
of her innovative jewellery designs. Very well illustrated. 

M.O'D. 

D i a m o n d s 

M. DUNDEK, 1999. Noble Gems International, London, 
pp 31, £7.00. ISBN 0 9535371 0 2. 

Short but well-produced coverage of the production, 
grading and valuation of gem diamonds aimed at the 
student or trade beginner. Quite a lot of information is 
included and there are some good photographs, including 
one showing a laser-inscribed brilliant. Well worth the 
very reasonable price. M.O'D. 

The optical papers of Sir Isaac N e w t o n . Vol 1. 
The optical lectures, 1670-1672 

I. NEWTON AND A. E. SHAPIRO (Ed.), 1984. University Press, 
Cambridge, pp xix, 627, hardcover. £135.00. 
ISBN 0 521 25248 2. 

Though this book was published some time ago it is so 
relevant to our studies that I make no apology for bringing 
it to readers' notice. The original high price is down to 
£30.00 (in Cambridge bookshops, at least, in mid-1999) so 
anyone who wishes to read about the multitude of 
experiments conducted by Newton on the nature and 
production of colour, with accompanying commentary of 
high scholarship, should be able to secure a copy. The book 
presents the text of two versions of the Optical lectures with 
accompanying diagrams: the original Latin is translated and 
there are many iUuminating notes. Cambridge University 
Library is the major centre of Newton scholarship and most 
of his MSS are housed there. M.O'D. 

Royal Insignia: British and foreign orders of 
chivalry from the Royal Collection 

S. PATTERSON, 1996. The Royal Collection, Windsor, 
pp 208, illus. in colour, softcover. £14.95. 

The Royal Collection contains a wide variety of artefacts, not 
least among which are many classes of material of interest to the 
jewellery historian. Badges of British and foreign orders of 
knighthood and their equivalents have been exchanged between 

royal families for several generations and the collection, housed 
in the Royal Library at Windsor Castle, has not been widely 
publicized in the past. Fortunately escaping the fire of 1992, the 
insignia are beautifully illustrated in the most reasonably priced 
book: catalogue descriptions are authoritative and both notes and 
bibliography match the text in quality. The book usefully 
complements the recent great survey of the crown jewels and 
readers should try to get a copy as soon as possible, since there 
seem to be few about. M.O'D. 

Falize: A dynasty of jewellers 

K. PURCELL, 1999. Thames and Hudson, London, pp 320, 
illus. in colour, hardcover. £55.00. ISBN 0 500 01911 8. 

As the author is a director of a leading London firm 
which specializes in antique jewellery, 18th century gold 
boxes and in Faberge items, she is almost uniquely fitted 
for the task of describing the history and products of the 
firm of Falize which began life in 1840 and continued in 
business until 1936. An interesting brief note on the last 
years of the firm is provided by Robert Falize, who well 
remembers the last members of the three generations of 
the family to work in the jewellery trade. The products of 
the firm attracted crowned heads and many other 
celebrated people at the turn of the century and the Paris 
shop must have been beautiful to see in those days. 

The book begins with family biographies: the author 
has looked very carefully into them, the impetus given by 
a chance noting of a Falize gravestone near Fontainebleu 
in 1988. The works and designs of each generation are 
given together with their biographies and this conjunction 
works very well. Another most interesting section deals 
with sources of inspiration - the artefacts produced varied 
greatly in design but with all showing prodigies of 
ornament which make them recognizable to the 
connoisseur of today. Materials and techniques are 
described in another chapter and the book concludes with 
notes on writings, lectures and travels undertaken by the 
Falizes and with comprehensive notes to the text and 
bibliography. 

As always, books by this publisher are excellently 
illustrated and we find the same high standard with this 
one. The small but elegant exhibition shown with the 
launch of the book showed the public the beauties of this 
particular style of jewellery and the present author has 
further helped to ensure the immortality of this most 
interesting firm. M.O'D. 

Perlen & Perlmutter 

J. SCHLUTER AND C RATSCH, 1999. Hamburg [Friedensallee 
7-9, D-22765, Hamburg], pp 175, illus. in colour, 
hardcover. DM 19.80. ISBN 3 89234 832 4. 

Forming a very attractive small book on pearl and 
mother-of-pearl, this study describes the formation and 
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use of the two materials from the earliest times, the text 
being supplemented by well-chosen illustrations 
depicting the use of pearl in art as well as in ornament. 
Together with the historical survey are notes on the 
testing of pearls: gemmology students will need more 
than these notes provide but German readers could not do 
much better if they need an introduction to this beautiful 
material as a starter for their studies. An English version 
would be welcome. M.O'D. 

Science in the micro-cosmos: gemstones 

J. SHIDA, Gemmological Association of all Japan, Tokyo, 
pp 520, illus. in colour, hardcover, in slip case. £122.00 
approx. 

Described on the dust-jacket as Volume 2', this superbly 
illustrated book in fact is the author's second book on 
gemstones, the first one dealing with inclusions. The 
majority of the photographs in the present book are of 
inclusions too, but there are some illustrations of gemstones 
in various fashioned states. Despite possible language 
difficulties it is easy for the experienced gemmologist to 
work out what is being shown by the photographs and for 
the keen photographer details of the cameras and films used 
are noted at the end of the book which also carries a short 
bibliography. Readers in the west should try to keep up 
with Far Eastern gem and mineral book publishing as the 
standard is so high. The paper used here is heavy so handle 
the book with respect for the binding. M.O'D. 

The arts of the Sikh kingdoms 

S. STRONG, 1999. V & A Publications, London, pp 256, 
illus. in colour, softcover. £19.95 ISBN 1 85177 262 6. 

A catalogue of an exhibition held at the Victoria and 
Albert Museum, London, during the Summer of 1999, this 
celebration of the 300th anniversary of the formation of 
the sacred Sikh brotherhood describes a variety of 
artefacts, some of which are set with magnificent 
examples of rough fashioned gemstones. Surely pride of 
place among these is taken by the Timur ruby (a rough red 
spinel) set on a necklace of gold, diamonds and spinels 
and lent by Her Majesty The Queen: nevertheless other 
examples rival it, especially another royal loan, the belt of 
Maharaja Sher Singh. This was made in Lahore around 
1840 and is set with 19 large faceted emeralds, some of 
which are carved. It is possible that all or at least some of 
the emeralds were fashioned from the same crystal which 
may have come from the Urals or from the general area of 
Afghanistan. The book describes these items not only in 
captions to the excellent photographs but also in the 
catalogue at the end of the main text. 

While a relatively small section of the whole book is 
devoted to gem-set pieces, the reader should carefully 
study the whole of the text to gain some idea of why such 
items were made and for whom. The development of the 
Sikh religion is very important for the study of 

civilizations in general and the decorative arts play a 
significant part in it. Many of the items shown come from 
British collections and so can be pursued after the 
exhibition has closed. The whole work is a study in the 
best traditions of national museum scholarship with 
many references to major sources and with a leavening of 
informed conjecture. M.O'D. 

Gemstones: quality and value (2nd edn.) 

Y. SUWA, 1999. Sekai Bunka Publishing Inc, Tokyo, pp 143, 
Illus. in colour, hardcover. £120.00 approx. ISBN 4 418 
99902 7 

The previous edition of this book appeared in 
Japanese with a separate supplement in English. There are 
two main sections: the first deals with 24 classic 
gemstones: in each case a 'beauty grade' is allocated and 
different shades of colour (or general appearance in the 
case of opal) are shown on a grid as photographs of 
fashioned stones. Details, including properties, variations 
and producing locations of the stones are given as well as 
an overall guide to values. Photographs by the well-
known team of Harold and Erica Van Pelt make for a most 
beautiful first part and the second, dealing with the 
mining, fashioning and manufacturing of gem-set 
jewellery, is equally attractive and full of useful 
information which is not too easy to find quickly 
elsewhere. There is a short bibliography and a glossary. I 
strongly recommend this book which will be particularly 
appropriate on the counter. M.O'D. 

Turkis: der Edelstein mit der Farbe des Himmels 

extraLapis no 16, 1999. Christian Weise Verlag, Munich, 
pp 96, illus. in colour, softcover. DM 38.92. 
ISBN 3 921656 48 6 (series ISSN 0945 8492). 

Turquoise is one of the most difficult of gemstones to 
illustrate adequately. So many specimens have a 
somewhat pale and unfeatured blue while the darker and 
finer examples are usually set in ways which demand the 
best of the photographer's ingenuity. I was keenly 
anticipating the appearance of this number of the beautiful 
extraLapis series so that I could experience turquoise at its 
best. The publishers have not disappointed (they never 
do!) and this study, cast like the others into a single 
chapterless sequence by a number of authors, will be 
found immediately essential to the many gemmologists 
and others who handle this fairly common gemstone. 

The text introduces turquoise and how it occurs and 
then proceeds to list and briefly describe major world 
sources, the south-western United States, China, 
Persia/Iran, Sinai and Cornwall being singled out for 
particular attention. Handling and pricing, followed by a 
bibliography, complete an excellent and very reasonable 
priced book. ExtraLapis issues are even now becoming 
hard to find and readers should buy them as soon as they 
appear. M.O'D. 
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MEMBERS' MEETINGS 

London 
On 14 July 1999 at the Gem Tutorial Centre, 

27 Greville Street, London EC1N 8TN, Professor 
Peter R. Simpson gave a talk entitled Demantoid 
garnet and other new gems and minerals from Namibia. 

On 22 September 1999 at the Gem Tutorial 
Centre, Ian Mercer illustrated gemmological 
activities in China, Hong Kong and Idar-
Oberstein. 

Midlands Branch 
On 4 July 1999 the first of a series of practical 

Tlay Groups' was held at Barnt Green. The session 
included an enquiry into the properties and 
spectrum characteristics of all colours of gem 
garnets, including new garnets from Tanzania and 
colour-change varieties. 

On 24 September 1999 at the Earth Sciences 
Building, University of Birmingham, Edgbaston, a 
three-fold presentation was given. Gwyn Green 
lead a discussion on the findings of the first Play 
Group session. Doug Morgan and Denis Price 
spoke on various facets of gem cutting. 

A second Play Group was held on 
26 September. 

North West Branch 
On 15 September at Church House, Hanover 

Street, Liverpool 1, John Harris gave a talk entitled 
Photographing gems and their inclusions. 

Scottish Branch 
A field trip was held on 4 and 5 July to 

Aberdeenshire, a source of tourmaline and other 
minerals. 

On 5 August in Edinburgh, Art Grant gave a 
talk entitled An apatite for faceting. 

ANNUAL GENERAL MEETING 
The Annual General Meeting of the GAGTL 

was held on Monday 28 June 1999 at 27 Greville 
Street, London EC1N 8TN. Ian Thomson chaired 
the meeting and welcomed those present. The 
Annual Report and Accounts were approved and 
signed. 

Ian Mercer, Jeffrey Monnickendam, Michael 
O'Donoghue and Evelyne Stern were elected, and 
Terry Davidson and Noel Deeks re-elected to the 
Council of Management. It was reported that 
Christopher Cavey had resigned from the Council 
in January 1999. 

Peter Dwyer-Hickey, John Greatwood, 
Laurence Music, Dr Jamie Nelson and Peter Read 
were re-elected to the Members' Council. John 
Kessler and Jeffrey Monnickendam did not seek 
re-election to the Members' Council, and it was 
reported that Robert Fuller had resigned from the 
Council in February 1999. Hazlems Fenton were 
re-appointed Auditors. 

The comment was made from the floor that 
despite repeated requests, the accounts did not 
contain any more detail than in previous years. 
Discussion followed and it was agreed that the 
Council of Management would consider providing 
additional information in the 2000 figures. 

Responding to a question from the floor, Noel 
Deeks reported that the website had proved very 
popular and was attracting approximately 20,000 
hits a month. 

Following the Annual General Meeting, a 
Reunion of Members and Bring and Buy Sale were 
held, at which the winners of the 1999 
Photographic Competition were announced and 
entries displayed. 
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GIFTS TO THE ASSOCIATION 

The Association is most grateful to the following for their gifts for 
research and teaching purposes: 

Daniel Dower of Dower & Hall, London, for 
four salt crystals from the Salt Lake, Tunisia. 

Alex Fam, Vice President of the GAGTL, for a 
photograph of a 'Bombay Bunch7 strung with 
silver wire tassels (published in Gem & Jewellery 
News, September 1999) and an envelope 
containing many of the silver wire tassels; two 
freak sectioned cultured pearsl; an X-ray of a 
cultured pearl necklet with interesting nuclei; the 
name plate from an early endoscope in mother-of-
pearl; an X-ray of a single line diamond bracelet 
showing that the diamonds are transparent to X-
rays; and an X-ray of two sections of natural 
pearls joined together and mounted in a ring with 
the join hidden by the mount. 

Luc Genot, Brussels, Belgium, for his 
diploma thesis Les pierres de lune bleues de Meethi-
yagoda. 

Martin Guptill, California, for six pieces of 
sunstone, two in matrix, three rough pieces and 
a faceted sample. 

Holts of London for 211 crystals and gem 
materials comprising a wide range of teaching 
specimens. 

Beverly Mitchell of the Signet Group, 
London for 40 bags of various fashioned gem 
materials including chalcedony, quartz, opal, 
garnet, moonstone, sapphire, emerald, ruby and 

NEWS OF FELLOWS 
Michael O'Donoghue arranged an exhibition 

Gemstones of the 20th century for the London 
Guildhall University Summer Show in June 1999. 
Specimens of species discovered from 1900-1999 
were shown as well as examples of established 
gemstones found in new locations. He also gave a 
talk on synthetic and treated gemstones to the staff 
of Chanel Joaillerie, London, on 5 July 1999. 

On 8 September 1999 Tony French and Michael 
O'Donoghue conducted a one-day course for the 
Wessex Branch of the National Association of 
Goldsmiths at Wimborne, Dorset. Gemmological 
techniques were explained and rehearsed, with 
some emphasis on synthetic and treated specimens. 

GEM DIAMOND EXAMINATIONS 

In June 1999, 90 candidates sat the Gem 
Diamond Examination, 65 of whom qualified, 
including two with Distinction. The Bruton Medal 
was not awarded on this occasion. The names of 
the successful candidates are listed below: 

Qualified with Distinction: 

Cunningham, DeeDee C , Toronto, Ont , Canada 
Dong Cheng Yu, Beijing, RR. China 

Qualified 

Arrowsmith-Katada, Jodie, Lower Plenty, Victoria, 
Australia 

Barbarovich, Peter M., North Crawley, 
Buckinghamshire 

Beattie, Rosamund C , Chiswick, London 
Bhatia, Umesh K., Faridabad, Haryana, India 
Bin Luo, Wuhan, Hubei, RR. China 
Burgoyne, Sheila, Totteridge, London 
Chan Lai Lai Lily, Hong Kong 
Chen Geng, Beijing, RR. China 
Chongjie Pan, Wuhan, Hubei, RR. China 
Cooksey, Brian D., Bures St. Mary, Suffolk 
Cubbins, Graham, Blackpool, Lancashire 
Dai Ru, Beijing, RR. China 
Edery, Gabrielle J., Hither Green, London 
Englezos, Antonios, Lescos, Geece 
Farrell, Terry, Cambridge 
Finlay, Louden B., London 
Furze, Cindy, Cheshunt, Hertfordshire 
Ge Wang, Wuhan, Hubei, RR. China 
Hardiman, Julie, Eastleigh, Hampshire 
Hering, Peter, Cambridge 
Hodgson, Jane E., Watford, Hertfordshire 
Huaxia Lin, Wuhan, Hubei, RR. China 
Hui Zhang, Wuhan, Hubei, RR. China 
Iconomou, Politimi, Kallithea, Athens, Greece 
Kalha, Mahmoud A.M., Linstock, Carlisle 
Kam Siu Tong John, Hong Kong 
Konstandopoulou, Garoufallia, Athens, Greece 
Koukou, Katerina, Athens, Greece 
Kwok Emily Yee-Man, Hong Kong 
Lam, Jill, Rochester, Kent 
Lan Wang, Wuhan, Hubei, RR. China 
Liang Cai, Wuhan, Hubei, RR. China 
Liu Kai Lin, Beijing, RR. China 
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Ma Guoqiang, Beijing, P.R. China 
Ma Zhen, Beijing, P.R. China 
Marshall, Andrew P., Gravesend, Kent 
McCabe, Marianne C , London 
McCarthy, Kieran, London 
Mi Zhou, Wuhan, Hubei, P.R. China 
Murase, Yuka, Chiba, Japan 
Nakazawa, Haruyo, London 
Ngala, Dabou K., Forest Gate, London 
Parnell, Alexander J., Brighton, Sussex 
Polette, Anne-Sophie, London 
Qu Shang, Beijing, P.R. China 
Saunders, Ian, Worksop, Nottinghamshire 
Selant, Sabbir, Manchester 
Shah, Varsheet, Kingston-upon-Thames, Surrey 
Shan, Kuang, Wuhan, Hubei, P.R. China 
Siyu Geng, Wuhan, Hubei, P.R. China 
Smits, Cyntha, Alphen aan den Rijn, 

The Netherlands 
Thackrah, Merle, Great Horkesley, Essex 
Tupper, Michael I., South Holmwood, Surrey 
Walls, Karen, New Maiden, Surrey 
Wenhong, Tian, Wuhan, Hubei, P.R. China 
Woolland, Natalie K.A., Seaton, Devon 
Worters, Fleur, Sevenoaks, Kent 
Yan Zhang, Wuhan, Hubei, P.R. China 
Yee Loo Andrew Shun, Hong Kong 
Yu Chaofan, Beijing, P.R. China 
Zhang Cheng, Beijing, P.R. China 
Zhang Chufen, Guangzhou, P.R. China 
Zhao Jun, Wuhan, Hubei, P.R. China 

EXAMINATIONS IN 
GEMMOLOGY 

In the Examinations in Gemmology held 
worldwide in June 1999, 206 candidates sat the 
Preliminary Examination of whom 156 qualified. 
In the Diploma Examination 231 sat of whom 116 
qualified, including four with Distinction. 

The Anderson Bank Prize for the best non-
trade candidate of the year in the Diploma 
Examination was awarded to Jie Yang of Wuhan, 
Hubei, P.R. China. 

The Diploma Trade Prize for the best 
candidate of the year who derives her main 
income from activities essentially connected with 
the jewellery trade was awarded to Miss Yurika 
Tachibana of Tokyo, Japan. 

The Anderson Medal for the best candidate of 
the year in the Preliminary Examination was 
awarded to Miss Liu Jie Wen, Guilin, Guangxi, P.R. 
China. 

The Preliminary Trade Prize for the best 
candidate of the year who derives her main 

income from activities essentially connected with 
the jewellery trade was awarded to Miss Yan Wei 
of Shanghai, P.R. China. 

The Tully Medal was not awarded on this 
occasion. 

The names of the successful candidates are as 
follows: 

Diploma 
Qualified with Distinction 

Chan Wai Mang Eva, Montreal, Quebec, Canada 
Jie Yang, Wuhan, Hubei, P.R. China 
Tachibana, Yurika, Tokyo, Japan 
Yan Wei, Shanghai, P.R. China 

Qualifed 

Adcock, Graham D., Lutterworth Leicestershire 
Arrowsmith-Katada, Jodie, Lower Plenty, Victoria, 

Australia 
Aung, Tin Lei Lei, Yangon, Myanmar 
Bell-Burrow, Briony, London 
Camroux-Oliver, Jessica, Edinburgh 
Cheng Mu-Sen, Taipei, Taiwan, R.O. China 
Chun Min-Jun, Seoul, Korea 
Clouder, Carol, Southampton, Hampshire 
Daniel, Eliena, London 
Dapergolas, Stavroula, Toronto, Ontario, Canada 
de Vries, Marius L., London 
Dines, Rachel S., London 
Domercq, Sandrine, London 
Dower, Dan, London 
Englezos, Antonios, Lescos, Greece 
Flynn, Matthew, Amersham, Buckinghamshire 
Freakley, Sharon A.M., Bangkok, Thailand 
Fris, Arnold, Goedereede, The Netherlands 
Fujiwara, Yuka, Kobe Hyogo, Japan 
Galdeano, Nerea, Basauri-Bizkaia, Spain 
Haden, Claire L., Birmingham, West Midlands 
Haiyu Wen, Wuhan, Hubei, P.R. China 
Harrison, Tarn J., Leamington Spa, Warwickshire 
Hengyi Zheng, Wuhan, Hubei, P.R. China 
Hill, Stephen E., Rickmansworth, Hertfordshire 
Hsu Hui May, Taipei, Taiwan, R.O. China 
Hu Yiqing, Shenzhen, P.R. China 
Huaxia Lin, Wuhan, Hubei, P.R. China 
Isacsson, Johanna, Stockholm, Sweden 
Jamal-Jetha, Nimet, Dollard des Ormeaux, Quebec, 

Canada 
Jingshi Wu, Wuhan, Hubei, P.R. China 
Jinsenji, Osamu, Saitama Pref., Japan 
Kamil, Ruzwain, Colombo, Sri Lanka 
Kataoka, Satomi, Osaka, Japan 
Kerger, Michele L., Sutton Coldfield, West Midlands 
Keung Lam Ho, Hong Kong 
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Koukou, Katerina, Athens, Greece 
Lam King Nam, Hong Kong 
Lan Jiang, Wuhan, Hubei, P.R. China 
Lee, Seung-Jun, Taegu, Korea 
Lee, Martin, South Croydon, Surrey 
Lewinsohn, Lisa, Sharpthorne, Sussex 
Li Yat Choi Johnson, Hong Kong 
Liang-Chin Wu, Taipei, Taiwan, R.O. China 
Lin Chung-Jung, Taipei, Taiwan, R.O. China 
Lin Wanxia, Guilin, RR. China 
Liu Jie Wen, Guilin, RR. China 
Liu Kaixin, Shenzen, P.R. China 
Lopez Perez, Jose M., Valencia, Spain 
Lu Jeng-Ven, Taipei, Taiwan, R.O. China 
McFarlin, Patrick M., Amarillo, Texas, U.S.A. 
McKeown, Nicola, Plymouth, Devon 
Morton, Heather D., Vancouver, BC, Canada 
Murase, Yuka, Chiba, Japan 
Osborne-Shaw, Lisa, London 

Oya, Kenichi, Niigata City, Niigata Pref., Japan 
Parikh, Purnima, Vancouver, BC, Canada 
Perez-Dorao, Carlos, Bilbao-Bizkaia, Spain 
Petropoulos, Andreas, Athens, Greece 
Qin Bin, Guilin, P.R. China 
Raniga, Dhanesh G., Vancouver, BC, Canada 
Rythen, Carolina, Stockholm, Sweden 
Sakai, Junko, Otsu City, Shiga Pref., Japan 
Saminpanya, Seriwat, Singapore 
San-San Chen, Taipei, Taiwan, R.O. China 
Schepers, Reinhold M., Limbricht, The Netherlands 
Scholtes, Wanda, Schagk, The Netherlands 
Shah, Monica, Manchester 
Shahdadpuri, Neeta D., Hong Kong 
Sherman, Gregory E., New York, NY, U.S.A. 
Sietsma, Talke, Breda, The Netherlands 
Smith, Peggy E.J., Rochester, Kent 
Soe Moe Naing, Yangon, Myanmar 
Sopers, Margarita B.M., Den Haag, The Netherlands 

FORTHCOMING EVENTS 
31 October London. Annual Conference: New Developments in the Gem World. The Barbican 

Centre, London 

3 November Scottish Branch. New gemstones from East Africa. Campbell Bridges 

17 November North West Branch. AGM followed by talks on diamonds and simulants 

26 November Midlands Branch. The Crown Jewels. Alan Jobbins 

4 December Midlands Branch. 47th Annual Dinner 

8 December London. Jewellery and silverware today. Chris Walton 

28 January Midlands Branch. Bring and Buy followed by a quiz 

30 January Midlands Branch. Gem Play Group 

15 February London. Some sites of precious minerals in England. Dr R.F. Symes 

25 February Midlands Branch. Gem trails from the Orient to Germany. Ian Mercer 

27 February Midlands Branch. Gem Play Group 

15 March London. Chalcedony - 21st century girl's best friend. Stephen Webster 

31 March Midlands Branch. All that glisters is not gold. Dr Rob Ixer 

For further information on the above events contact: 

London: Mary Burland on 020 7404 3334 

Midlands Branch: Gwyn Green on 0121 445 5359 

North West Branch: Deanna Brady on 0151 648 4266 

Scottish Branch: Catriona Mclnnes on 0131 667 2199 

GAGTL WEB SITE 
For up-to-the-minute information on GAGTL events 

visit our web site on www.gagtl.ac.uk/gagtl 
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Speake, Malcolm R, Birmingham, West Midlands 
Stewart, Michelle, Stourport-on-Severn, 

Worcestershire 
Susitha, Pothmulla, Kankanamge, Colombo, Sri 

Lanka 
Tamaki, Yosuke, Sakurai City, Nara Pref., Japan 
Tanaka, Nariko, Tokyo, Japan 
Tang Yu-Lung, Taipei, Taiwan, R.O. China 
Tang Tak Chuen, Hong Kong 
Tezapsidou, Eleni K., Thessaloniki, Greece 
Thomas, Allyson R., Harborne, West Midlands 
Tianyang Zhang, Wuhan, Hubei, P.R. China 
Tsutsumi, Masao, Higashi-Hiroshima City, 

Hiroshima Pref., Japan 
van der Have, Ciska A., Amsterdam, The 

Netherlands 
Van Spaendonck, Anouk D., Oegstgeest, The 

Netherlands 
Vanderburgh, Amy E., Nobleton, Ontario, Canada 
Vidoni, Tanya M., Toronto, Ontario, Canada 
Wang Yan-Ping, Shanghai, PR. China 
Wang Dongmei, Shanghai, PR. China 
Wangchun Liao, Wuhan, Hubei, P.R. China 
Ward-Jones, Ann, London 
Warren, C , Donald, Weston, Ontario, Canada 
Warrington, Jennifer L., Auckland, New Zealand 
Waterfall, Mary C , Ely, Cambridgeshire 
Wen Jiang, Wuhan, Hubei, P.R. China 
Westbury, Vikki L.H., Woking, Surrey 
Wheeler, Nick, Sudbury, Suffolk 
Xiaoling Huang, Wuhan, Hubei, P.R. China 
Xinping Li, Wuhan, Hubei, P.R. China 
Xueqian Cheng, Wuhan, Hubei, P.R. China 
Yang Hui-Ning, Taipei, Taiwan, R.O. China 
Yi Zhou, Wuhan, Hubei, P.R. China 
Yili You, Wuhan, Hubei, P.R. China 
Zaw, Thiha, Yangon, Myanmar 
Zhang Chunyan, Shanghai, P.R. China 
Zhou Weiqi, Shantou, P.R. China 
Zhu Jian-Qing, Shanghai, PR. China 
Zhuang Yilin, Shantou, P.R. China 
Zimmermann, Bettina E., Zunzgen, Switzerland 
Zin Win Mon, Yangon, Myanmar 

Preliminary Examination 

Qualified 

Abdulrazzaq, Anwar A.H., Myharraq, Bahrain 
Ahari, Roshanak, Tehran, Iran 
Al-Alawi, Abeer S.T., Manama, Bahrain 
Alcenius, Jim, Espoo, Finland 
Ascot, Leon, Urdorf, Switzerland 
Bakker, Jeroen, Apeldoorn, The Netherlands 
Balzan, Cortney, Fairfax, Calif., U.S.A. 
Bashore, Kerri A., Hayes End, Middlesex 
Basile, Appadoure, London 

Bass, Adrienne K., Preston, Lancashire 
Bergmann, Eleanor, London 
Blairs, Lawrence I.J., Llanrwst, Conwy, North Wales 
Blomquist, Eva, Jonkoping, Sweden 
Boardman, Adrian, Warrington, Cheshire 
Bonac, Lia, Stechford, West Midlands 
Bonnet, Christian, La Chaux-de-Fonds, Switzerland 
Brown, Mary J., Mayangone Township, Myanmar 
Burton, Mark Greig, London 
Chan Ying Fong Bianca, Hong Kong 
Chan, Rebecca, Hong Kong 
Chan Wai Mang Eva, Montreal, Quebec, Canada 
Chang Keng Ti, Taichung, Taiwan, R.O. China 
Checkley, Emma, Hockley, West Midlands 
Chen Hsi Hung, Taichung, Taiwan, R.O. China 
Cheng Sze Man, Hong Kong 
Cheng Kin-Nor Anne, Hong Kong 
Cheng Po Lam, Hong Kong 
Cheung Lai Yee Joey, Hong Kong 
Choksi, Shivang R., Gujarat, India 
Chow Suet Lai, Hong Kong 
Chung Ju Ching, Taichung, Taiwan, R.O. China 
Cubbins, Graham, Blackpool, Lancashire 
Delpachitra, Samadara, Kandy, Sri Lanka 
Deng, Luyang, Shanghai, P.R. China 
Diyaljee, Dalida I., Berbice, Guyana 
Dowling, Siobhan L., London 
Dunn-Lwin, Simon B., London 
Dupuy, Harold A., Los Angeles, Calif., U.S.A. 
Eensaar, Karin, Tallinn, Estonia 
Fu Sheng, Shanghai, P.R. China 
Fujita, Takashi, Osaka City, Osaka, Japan 
Galdeano, Nerea, Basauri-Bizkaia, Spain 
Gravier, Denis M., St. Jean le Vieux, France 
Gray, Christopher, Glasgow 
Gschwend, Heinz, Rorschach, Switzerland 
Gunston, Rosa M., London 
Haddow, Jane E., Hockley, West Midlands 
Hagen, Bente, Oslo, Norway 
Haider, Hamayou Yousafzai, Islamabad, Pakistan 
Hashimoto, Megumi, Kyoto City, Kyoto, Japan 
Hirano, Kiyomi, Kawanishi City, Hyogo Pref., Japan 
Ho Wing Hung, Anthony, Hong Kong 
Ho, Anna, Hong Kong 
Ho See Wai, Celia, Hong Kong 
Ho Siu Kei, Paulie, Hong Kong 
Ho Sau Wa, Hong Kong 
Ho Sau Lan, Hong Kong 
Ho Wing Cheung, Hong Kong 
Hoksbergen, Edward C , Schoonhoven, The 

Netherlands 
Holgate, Martin R., Doncaster, Yorks 
Holt, Jason B.A., London 
Htay Than Than, Yangon, Myanmar 
Hui Po Lung, Hong Kong 
Hung Tin Man, Hong Kong 
Hynes, Lola A., London 
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26 and 27 
October 

2 November 

GEM TUTORIAL CENTRE 
27 Greville Street (Saffron Hill entrance), London EC1N 8TN 

SYNTHETICS AND ENHANCEMENTS TODAY 

Are you aware of the various treated and synthetic materials that are likely to be 
masquerading amongst the stones you are buying and selling? Whether you are 
valuing, repairing or dealing, can you afford to miss these two days of 
investigation? 
Price £198 + VAT (£232.65) - includes sandwich lunches 
THE 'INS AND OUTS' OF AMBER 

A rare opportunity to immerse yourself in the fascinating world of amber. Join 
Andrew Ross of the Natural History Museum and Maggie Campbell-Pedersen 
in a day devoted to looking at a variety of natural, treated and imitation 
materials and study the huge variety of flora and fauna inclusions found in 
amber. 
Price £104 + VAT (£122.20) - includes a sandwich lunch 

Student Workshops 2000 
Weekend Diamond Grading Revision 8-9 January 

Two-Day Diploma Practical Workshop 8-9 January 

Three-Day Preliminary Workshop 2-4 May 

Four-Day Diploma Workshop 22-25 May 

For further details contact the GAGTL Education Department 
Tel: +44 020 7404 3334 e-mail: gagtl@btinternet.com 
Fax: +44 020 7404 8843 web: www.gagtl.ac.uk/gagtl 

Jamal-Jethra, Nimet, Dollard des Ormeaux, 
Quebec, Canada 

Julkunen, Maarit, Savukoski, Sweden 
Kassotakis, Dimitris, Xaidari, Greece 
Kauppinen, Minna K., Varkaus, Finland 
Kause, Nora M., Tampere, Finland 
Khan, Mariyam Z., London 
Klingspor, Pontus A., Oslo, Norway 
Knight, Jennifer J., Selby, N. Yorks 
Kong Bei, Guilin, P.R. China 
Kumagai, Hiromi, Sendai City, Miyogi Pref., Japan 
Ladak, Nelina, London 
Lam Chi Hing, Hong Kong 
Lam Chuk Yi, Winnie, Hong Kong 
Langton, Ronnie, Blackpool, Lancashire 
Lauttanen, Tero T, Helsinki, Finland 
Lee Ching, Hong Kong 
Leung Kin On, Hong Kong 
Leung Shun Lok, Hong Kong 
Leverington, Michael C , Bexhill-on-Sea, Sussex 
Lichtsteiner, Patrick, Ormalingen, Switzerland 
Lin Yeong Leh, Taipei, Taiwan, R.O. China 
Liu Jie Wen, Guilin, Guangxi, PR. China 
Liu Jun, Shanghai, PR. China 
Liu Kwok Kwan, Hong Kong 

Lo Chau Heung, Hong Kong 
Loxton, Sam C , London 
McAuley, Mary, Harmondsworth, Middlesex 
Matos, Maria, Ericeira, Portugal 
Maulave, Xavier R.L., Yangon, Myanmar 
Min Zin, Yangon, Myanmar 
Mitch, Alexandra, Atlanta, Georgia, U.S.A. 
Momosaki, Nobuko, Hirikata City, Osaka, Japan 
Morris, Julie, Tadcaster, N. Yorks 
Murai, Shinobu, Minamikawachi Gun, Osaka, Japan 
Nakazaki, Tomoko, Higashikurume City, Tokyo, 

Japan 
Nassar, Shareen, Nairobi, Kenya 
Ndirangu, Joseph K., Hong Kong 
Ng Wing Yee, Rachel, Hong Kong 
Odugleh, Ahmed, London 
Oksanen, Tarja K., Helsinki, Finland 
Pace, Michael, Elk Grove, Calif., U.S.A. 
Pala, Sunil, Coventry, West Midlands 
Pan Dejuan, Guangzhou, P.R. China 
Phillips, Andrew T, Penang, West Malaysia 
Poon Sau Man, Hong Kong 
Poon Pik Wan, Sandy, Hong Kong 
Qu Han, Guilin, P.R. China 
Roberts, Jennifer L., York 

Proceedings and Notices 

481

mailto:gagtl@btinternet.com
http://www.gagtl.ac.uk/gagtl


Rweyemamu, Edward J., London 
Sakajo, Hiroko, Yao City, Osaka, Japan 
Salmela, Riikka J., Vantaa, Finland 
Schafroth, Thomas, Bern, Switzerland 
Seitanidis, Nikolaos, Katerini, Greece 
Shah, Sarju M., Nairobi, Kenya 
Shahdadpuri, Neeta D., Hong Kong 
Shi Yinghong, Shanghai, RR. China 
Shin Min-A., Seoul, Korea 
Sidiropoyloy, Maria-Theresa, Thessaloniki, Greece 
Sin Ling Karen Lam, Hong Kong 
Sin Yee Chow, Hong Kong 
Smith, Wendy, London 
Stamatakis, Zoe, Athens, Greece 
Strachan, Melanie E., Glasgow 
Takayama, Rie, Kyoto City, Kyoto, Japan 
Tang Chi Wai, Hong Kong 
Terrell, Celia-Jane W., Atherstone, Warwickshire 
Thompson, Mary T., Stockport, Cheshire 
Thurston, Louise J., Doncaster, Yorkshire 
To Yuen Shan, Naomi, Hong Kong 
To Lai Ha, Flora, Hong Kong 
Tsang, Judy, Hong Kong 
Tsoha, Theodore, Volos, Greece 
Tuckwell, Alice E., Newcastle-under-Lyme, 

Staffordshire 
Uhlin, Christophe R., Leystonstone, London 
Verganelakis, Vassilis, Athens, Greece 
Wang Xuan, Guilin, RR. China 
Ward, Joanna K., Leicester 
Whelan, Craig R., Liverpool, Lancashire 
Williams, Johanna L.M., London 
Williams, Lorraine, London 
Win Zaw, Stanmore, Middlesex 
Win Win Khaing, Yangon, Myanmar 
Winter, Nicola K., London 
Wong Kwok Man, Hong Kong 
Wong Kuen Kuen, Hong Kong 
Wong, Sandy, Hong Kong 
Woolland, Natalie K.A., Seaton, Devon 
Yeung Chin Pang, Hong Kong 
Yan Wei, Shanghai, RR. China. 
Yeung Ling Ling, Hong Kong 
Zhang Chunyan, Xiamen, RR. China 

MEMBERSHIP 
The following have been elected to membership 

during the period June to September 1999: 

Fellowship and Diamond Membership (FGA 
DGA) 

Shaikh, Leela, Hendon, London. 1978, 1985 

Fellowship (FGA) 
Adcock, Graham D., Lutterworth, Leicestershire. 

1999 
Bagri, Abhishek, Bombay, India. 1999 

Haden, Claire L., Halesowen, West Midlands. 1999 
Harrison, Tarn J., Leamington Spa, Warwickshire. 

1999 
Hsiao Chin-Kang, Taipei, Taiwan, R.O. China. 1998 
Inoue, Yoshie, Tokyo, Japan. 1983 
Jamal-Jetha, Nimet, Dollard des Ormeaux, 

Quebec, Canada. 1999 
Lin Yi Hwa, Yangon, Myanmar. 1999 
McFarlin, Patrick M., Amarillo, Texas, U.S.A. 1999 
Parikka, Pekka J., Helsinki, Finland. 1989 
Shah, Monica, Cheadle, Cheshire. 1999 
Sherman, Gregory E., New York, NY, USA. 1999 
Smith, Perry E.J., Rochester, Kent. 1999 
Stewart, Michelle, Stourport-on-Severn, 

Worcestershire. 1999 
Thomas, Ally son, Birmingham, West Midlands. 

1999 
Townsend, Rachel E., Kingsland, Herefordshire. 

1999 
Triossi, Amanda, London. 1988 
Tun, Win Myint, Yangon, Myanmar. 1992 
Westbury Vikki L.H., Woking, Surrey. 1999 

Diamond Membership (DGA) 

Furze, Cindy J., Cheshunt, Hertfordshire. 1999 
Saunders, Ian R., Worksop, Nottinghamshire. 1999 
Selant, Sabbir, Preston, Lancashire. 1999 
Walls, Karen L., New Maiden, Surrey. 1999 

Ordinary Membership 

Agarwal, Anubhav, Lucknow, India 
Anderson, Meredith, Chertsey, Surrey 
Ayukawa, Yasuyo, London 
Blachier, Helene M.A., Ponsonnas, France 
Bolissian, Inge, London 
Bosi, Martin, Edinburgh 
Bruce-Lockhart, Simon D., London 
Chatt, Julian P., Glastonbury, Somerset 
Coan, Michael, Yonkers, New York, U.S.A. 
Cohen, Vanessa, Conte Carlo, Monaco 
Collins, Gabrielle, Radlett, Hertfordshire 
Comar, Ankush, Bushey, Hertfordshire 
Cooke, Caroline M., St. Margarets, Middlesex 
Douglas, Christianne E.M., London 
Everington, Therese, Lincoln 
Gandusio, Susanna, Paradiso, Switzerland 
Garcia-Monzon, Patricia, Madrid, Spain 
Giurgiu-Cairney, Anda, Acton, London. 
Gomez de Kondserovsky, Alexandre, Creteil, France 
Gondwe, Magoli M., Chelsea, London 
Graham, Roderick S., London 
Greslin-Michel, Valerie, London 
Hamano, Yumi, London 
Hammond, Ian, Muir of Ord, Scotland 
Harrison, Robert, Miami, Florida, U.S.A. 
Harvey, Kirsty L., Witney, Oxfordshire 
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Hatton, Paul M , London 
Ito, Eiko, New Southgate, London 
Jang, Yunsil, Staines, Middlesex 
Jo, Midori, Ikoma shi Nara, Japan 
Joyner, Louise, London 
Katz, Joslynne R, Edgware, Middlesex 
King, Kumi, London 
Kote, Satomi, London 
Langdale, Jason, Southampton, Hampshire 
Maisey, Anthony P., Croydon, Surrey 
Morton, Aude A., London 
Nakagawa, Eriko, Putney, London 
Nyirenda, Arnold S., Cricklewood, London 
Osman, A. Noorani, Mount Lavinia, Sri Lanka 
Pattni, Dilip, Belmont, Surrey 
Pennington, Susan E., Bickerstaffe, Lanes. 
Perez, Sergio, Egham, Surrey 
Pratt, Jonathan J., Guildford, Surrey 
Resnick, Theodore, San Antonio, Texas, U.S.A. 
Rila, Mohamed Lafir, Galle, Sri Lanka 
Roberts, Jennifer L., York 
Rose, Annette, London 
Sanai, Sayceda A., Hyderabad, India 
Saxon, Michael B., Chardon, Ohio, U.S.A. 
Sperry, Lynn, London 
Squires, Caroline, Tring, Hertfordshire 
Sun, I-Ching Tracey, Harrow, Middlesex 
Thompson, Mary T., Offerton, Stockport, Cheshire 
Ward, Joanna, Leicester 
Williams, Lorraine A., London 
Yue, Louisa, Bushey, Hertfordshire 
Zancanella, Raffaele, Cavalese, Italy 
Zin Win Mon, Yangon, Myanmar 

Laboratory Membership 

Development and Promotion Comercial Center of 
Parana/Brasil for Golf Arabian and Middle 
East, Brasilia, Brazil. 

Emdico (London) Ltd., London EC1N 8AN 
Jon Gems Ltd., London EC1N 8AT 
Nabil Mouzannar FGA, London EC1N 8NX 
Tel Aviv Jewellers Ltd, London EC1N 8BQ 

Transfers 
The following members, having qualified in 

the 1999 Gemmology and /o r Gem Diamond 
Examinations, have been transferred to Fellowship 
and Diamond Membership as appropriate: 

Ordinary Membership to Fellowship (FGA) 

Domercq, Sandrine, London 
Dower, Daniel G., London 
Freakley, Sharon, A.M., Bangkok, Thailand 
Fujiwara, Yuka, Kobe Hyogo, Japan 
Jinsenji, Osamu, Toda City, Saitama Pref., Japan 

Kamil, Mohammed R., Colombo, Sri Lanka 
Kataoka, Satomi, Osaka City, Osaka, Japan 
Oya, Kenichi, Niigata City, Niigata Pref., Japan 
Rythen, L.A. Carolina, Stockholm, Sweden 
Sakai, Junko, Otsu City, Shiga Pref., Japan 
Saminpanya, Seriwat, Manchester 
San-San Chen, Taipei, Taiwan, R.O. China. 
Shahdadpuri, Neeta D., London 
Speake, Malcolm F., Ladywood, Birmingham 
Tachibana, Yurika, Tokyo, Japan 
Tamaki, Yosuke, Sakurai City, Nara Pref., Japan 
Tanaka, Nariko, Tachikawa City, Tokyo, Japan 
Tsutsumi, Masao, Higashi-Hiroshima City, 

Hiroshima Pref., Japan 
Ward-Jones, Ann, London 
Waterfall, Mary C , Ely, Cambridgeshire 
Wheeler, Nick, Sudbury, Suffolk 
Zin Win Mon, Yangon, Myanmar 

Ordinary Membership to Fellowship and 
Diamond Membership (FGA, DGA) 

Arrowsmith, Jodie, Kyoto City, Japan 
Englezos, Antonios, Lescos, Greece 
Koukou, Katerina, Athens, Greece 
Murase, Yuka, Chiba, Japan 

Ordinary Membership to Diamond 
Membership (DGA) 

Farrell, Terry, Cambridge, Cambridgeshire 
Hardiman, Julie C , Eastleigh, Hampshire 
Kalha, Mahmoud A.M., Linstock, Carlisle 
Thackrah, Merle, Great Horkesley, Essex 
Woolland, Natalie K.A., Seaton, Devon 

Diamond Membership to Diamond 
Membership and Fellowship (FGA, DGA) 

Bell-Burrow, Briony, London 
Daniel, Eliena, London 
de Vries, Marius, London 
Flynn, Matthew, Amersham, Buckinghamshire 
Galdeano, Nerea, Basauri-Bizkaia, Spain 
Lee, Martin, South Croydon, Surrey 
Liang-Chin Wu, Tainan, Taiwan, R.O.China. 
Perez-Dorao, Carlos, Bilbao-Bizkaia, Spain 

Fellowship to Fellowship and Diamond 
Membership (FGA, DGA) 

Burgoyne, Sheila, Totteridge, London 
Cooksey, Brian D., Bures St. Mary, Suffolk 
Cunningham, DeeDee, Toronto, Ontario, Canada 
Edery, Gabrielle, Hither Green, London 
Finlay, Louden B., London 
Hering, Peter J., Cambridge, Cambridgeshire 
Hodgson, Jane E., Watford, Hertfordshire 
Kam Siu Tong John, Hong Kong 
Konstandopoulou, Garoufallia, Athens, Greece 
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Letter to the Editor 
From Susan Si 

Dear Sir 

Chrome chalcedony 

It is generally recognized that the first 
modern discovery of chrome chalcedony was 
from Zimbabwe (Rhodesia). As a former 
mineralogist for the Geological Survey of 
Zimbabwe, I read with interest the recent article 
by Dr Jaroslav Hyrsl in the April 1999 volume of 
the Journal. However, it was disappointing to 
note that Dr Hyrsl, in quoting the date of the 
discovery as 1955, has propagated an error first 
introduced in 1989 by Philips and Brown 
(Australian Gemmologist, 17,205-7). 

To set the record straight the discovery of 
chrome chalcedony ('mtorolite'), as reported in 

Lam, Jill, Rochester, Kent 
Marshall, Andrew P., Gravesend, Kent 
McCabe, Marianne C, London 
McCarthy, Kieran, London 
Nakazawa, Haruyo, London 
Shah, Varsheet, Kingston, Surrey 
Smits, Cyntha A.N., Alphen a/d Ryn, The 

Netherlands 
Tupper, Michael I., South Holmwood, Surrey 

SUBSCRIPTIONS 2000 
The following are the membership subscription 

rates for 2000. Existing Fellows, Diamond 
Members and Ordinary Members will be entitled 
to a £5.00 discount for subscriptions paid before 31 
January 2000. 

Fellows, Diamond Laboratory 
Members and Members 

Ordinary Members 

FuK £59.00 £250.00 plus VAT 

Europe £64.00 £250,00 

Overseas £74.00 £250.00 

ISLAND OF GEMS 
For the fourth successive year, the Island of 

Gems exhibition is to be held in London. The 
exhibition, on the gems and gem industry of Sri 
Lanka, is to be held on 13 and 14 November at the 
Resource Centre, 356 Holloway Road, London N7 

:klmayer, FGA 

three articles published in the Chamber of Mines 
Journal of Rhodesia in 1967, is attributed to a Mr 
M.J. Maclean in 1965. One of these articles 
written by C.C. Smith (former Curator of 
Geology, Bulawayo Museum) also contains 
comments by Dr Gubelin and provides a full 
gemmological description of the material 
including spectrograph^ analyses. 

Whilst it may be difficult to access original 
articles published in somewhat obscure 
journals, I could supply copies of the three 
mentioned for anyone interested. 

Yours etc. 
Susan M. Stocklmayer 
Lesmurdie, Perth, WA 6076, Australia 

6PA. There will be displays and demonstrations on 
the geology of Sri Lanka, gem mining, gem cutting 
and polishing, gemstones and education. 

The entrance fee, which includes a free 
gemstone and a souvenir brochure, is £3.00 for 
adults and £1.50 for children under 12 and OAPs. 

For further information contact D.H. 
Ariyaratna on 020 8514 8250 or visit the website at 
www.lankagems.freeserve.co.uk. 

ADVERTISING 

The Editors of the Journal 
invite advertisements from gemstone 
and mineral dealers, publishers and 

others with interests in the 
gemmological, mineralogical, 
lapidary and jewellery fields. 

Rates per insertion, 
ex. VAT, are as follows: 

Whole page Half page Quarter page 
£180 £100 £60 

Enquiries to Mary Burland, GAGTL, 
27 Greville Street, London EC1N 8TN 
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Ruppenthal (U.K.) Limited
Gemstones of every kind, cultured pearls, coral, amber,

bead necklaces, hardstone carvings, objets d'art and
18ct gold gemstone jewellery.

We offer a first-class lapidary service.

By appointment only
1a Wickham Court Road, West Wickham, Kent BR49LN

Tel: 020-87774443, Fax: 020-87772321, Mobile: 07831 843287
e-mail: roger@ruppenthal.co.uk, Website: www.ruppenthal.co.uk

Modern 18ctGem-set Jewellery
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Chelsea Colour Filter

London Dichroscope

GI Spectroscope

Folding Polariscope

Conoscope
Stone Cloth

Medium Tweezers

Special offer to GAGTL registered students

Only £68.50
(Price exclusive ofVAT, postage and packing)

Gem mological Instruments Ltd.,27Greville Street, London EC IN8TN
Tel: 020 7404 3334 Fax: 020 7404 8843

mailto:roger@ruppenthal.co.uk
http://www.ruppenthal.co.uk
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We look after all your insurance 
PROBLEMS 

For nearly a century T.H. March has built 
an outstanding reputation by helping people in 
business. As Lloyds brokers we can offer 
specially tailored policies for the retail, wholesale, 
manufacturing and allied jewellery trades. Not 
only can we help you with all aspects of your 
business insurance but also we can take care 

& 

T.H. March and Co. Ltd. 
Walker House, 89 Queen Victoria Street, London EC4V 4AB 
Telephone 020 7651 0600 Fax 020 7236 8600 
Also at Birmingham, Manchester, Glasgow, Plymouth and Sevenoaks. 
Lloyd's Insurance Brokers 

of all your other insurance problems, whether it 
be home, car, boat or pension plan. 

We would be pleased to give advice and 
quotations for all your needs and delighted to 
visit your premises if required for this purpose, 
without obligation. 

Contact us at our head office shown below. 
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Gemmology 
Current issue £12.00 

(including postage UK and Europe 
Overseas: £15.70 to include airmail postage) 

Back issues 

Back issues may be purchased as follows: 

Vol 25 and 26 - £10.00 per issue 
Up to and including Vol. 24 - £4.00 per issue 

Members of the GAGTL are eligible for a 
10% discount 

A proforma invoice including postage 
and packing will be issued on receipt of orders. 

•Subject to availability 

For details of issues in print and 
an order form contact 

Mary Burland at the GAGTL 
27 Greville Street, London EC1N 8TN 

Tel: 020 7404 3334 Fax; 020 7404 8843 
s. e-mail: gagtl@btinternet.com 

Pearls 
Gemstones 

Lapidary Equipment 

GENOT L 

Since 1953 

CH. De Wavre, 850 
B-1040 Bxl - Belgium 

Tel: 32-2-647.38.16 
Fax: 32-2-648.20.26 

E-mail: gama@skynet.be 

www.gemline.org 
www.geofana.net 

Museums, * 
Educational Establishments, 

Collectors & Students 

I have what is probably the largest range 
of genuinely rare stones in the UK, from 

Analcime to Wulfenite. Also rare and 
modern synthetics, and inexpensive 

crystals and stones for students. New 
computerised lists available with even 
more detail. Please send £2 in 1st class 

stamps refundable on first order 
(overseas free). 

Two special offers for students: 
New Teach/Buy service and free 

stones on an order. 

A.J. French, FGA 
82 Brookley Road, Brockenhurst, 

Hants S042 7RA 
Telephone: 01590 623214 

PROMPT 
LAPIDARY 
SERVICE! 

Gemstones and diamonds cut to your 

specification and repaired on our 

premises. 

Large selection of gemstones including 

rare items and mineral specimens in 

stock. 

Valuations and gem testing carried out. 

Mail order service available. 

R. HOLT & CO. LTD 

98 Hatton Garden, London EC IN 8NX 

Telephone 020-7405 0197/5286 

Fax 020-7430 1279 
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ROCK N1 GEM 
SHOWS 

Exhibitors Displaying & Selling 
A Huge Range of Rocks, Gemstones, 

Minerals, Fossils, Books and Jewellery. 
Local Club Section & Demonstrations. 

KEMPTON PfiRK 
RACECOURSE 

On A308, Sunbury On Thames , Middlesex 

2 3 - 2 4 OCTOBER 1 9 9 9 

HATFIELD < 
HOUSE 

Hatfield, just off Jet 4 of A1(M) * 

2 2 - 2 3 JfiNUfiRY 2 0 0 0 

THE HOP FARM 
Beltring, Paddock Wood, Kent 

2 9 - 3 0 JfiNUfiRY ZOOO 

SHOWS OPEN 10AM - 5PM 
Refreshments ~ Free Parking ~ <̂ v Access 

Kempton: Adult £2.50, Senior £2.00, Child £1.00 
Others: Adult £2.00, Senior £1.50, Child £1.00 

FOR MORE INFORMATION, OR TO JOIN OUR FREE MAILING LIST, 

PLEASE CONTACT THE EXHIBITION TEAM LTD, 0 1 6 2 8 6 2 1 6 9 7 
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Guide to the preparation of typescripts for publication in 
The Journal of Gemmology 

The Editor is glad to consider original articles 
shedding new light on subjects of gemmological 
interest for publication in The Journal Articles 
are not normally accepted which have already 
been published elsewhere in English, and an 
article is accepted only on the understanding 
that (1) full information as to any previous 
publication (whether in English or another 
language) has been given, (2) it is not under 
consideration for publication elsewhere and (3) 
it will not be published elsewhere without the 
consent of the Editor. 

Typescripts Two copies of all papers should be 
submitted on A4 paper (or USA equivalent) to 
the Editor. Typescripts should be double spaced 
with margins of at least 25 mm. They should be 
set out in the manner of recent issues of The 
Journal and in conformity with the information 
set out below Papers may be of any length, but 
long papers of more than-10 000 words (unless 
capable of division into parts or of exceptional 
importance) are unlikely to be acceptable, 
whereas a short paper of 400-500 words may 
achieve early publication. 

The abstract, references, notes, captions and 
tables should be typed double spaced on 
separate sheets. 

On matters of style and rendering, please 
consult The Oxford dictionary for writers and 
editors (Oxford University Press, 1981). 

Title page The title should be as brief as is 
consistent with clear indication of the content of 
the paper. It should be followed by the names 
(with initials) of the authors and by their 
addresses. 

Abstract A short abstract of 50-100 words is 
required. 

Key Words Up to six key words indicating the 
subject matter of the article should be supplied. 

Headings In all headings only the first letter 
and proper names are capitalized. 

A This is a first level heading 

First level headings are in bold and are flush 
left on a separate line. The first text line 
following is flush left. 

B This is a second level heading 

Second level headings are in italics and are 
flush left on a separate line. The first text line 
following is flush left. 

Illustrations Either transparencies or 
photographs of good quality can be submitted 
for both coloured and black-and-white 
illustrations. It is recommended that authors 
retain copies of all illustrations because of the 
risk of loss or damage either during the printing 
process or in transit. 

Diagrams must be of a professional quality 
and prepared in dense black ink on a good 
quality surface. Original illustrations will not be 
returned unless specifically requested. 

All illustrations (maps, diagrams and 
pictures) are numbered consecutively with 
Arabic numerals and labelled Figure 1, Figure 
2, etc. All illustrations are referred to as 
'Figures'. 

Tables Must be typed double spaced, using 
few horizontal rules and no vertical rules. They 
are numbered consecutively with Roman 
numerals (Table IV, etc.). Titles should be 
concise, but as independently informative as 
possible. The approximate position of the Table 
in the text should be marked in the margin of the 
typescript. 

Notes and References Authors may choose 
one of two systems: 

(1) The Harvard system in which authors' 
names (no initials) and dates (and specific 
pages, only in the case of quotations) are given 
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Cambodia: Pailin gemfield, 65, geological setting, 67, gem 

suites, 70 
Cameos: (see also Jewellery) 
—faked Roman, from Yugoslavia, 126 
CAMPBELL, I.C. (see Cairncross, B., etal) 
CAMPBELL, I.C.C., Testing problems at grass roots level. 

Fancy coloured diamonds, 397 
Canada: 
—Alberta, diamond exploration, 397 
—British Columbia, gemstone occurrences, 193 
—Northwest Territories: diamond production, 397; Mac

kenzie Mountains, 193 
—Ontario: Black Onaping, Sudbury, 266; Perth, iridescent 

albite, 14; Snowdon, Haliburton, 129; 
—Quebec, Cawood, Pontiac, 129 
—Saskatchewan: Sturgeon Lake 01 kimberlite, 189; crater 

facies kimberlite, 451 
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CANIL, D. (see Taylor, W.R., et al) 
CARBONIN, S., SBRIGNADELLO, G., AJÔ, D., An 

interdisciplinary approach to identifying solid inclusions 
in corundum: thorite in a 'Sri Lanka' sapphire, 262 

CARMONA, C.I., The complete handbook for gemstone 
weight estimation, 463 

Carnelian: (see Chalcedony) 
CARTIGNY, P., HARRIS, J.W., PHILLIPS, D., GIR

ARD, M., JAVOY, M., Subduction-related diamonds? -
The evidence for a mantle-derived origin from coupled 
ônC-ô15N determinations, 450 

CASEIRO, J., GAUTHIER, J.-P., TABURIAUX, J., 
GROSPIRON, G., LEVI-PLÉ, C, VERHOEVEN, P., 
Dossier central [on pearls], 268 

CASPI, A., Modern diamond cutting and polishing, 126 
Cassiterite: 
—Bolivia, Viloco mine, Araca, 42,; Condor-Iquina pla

teau, Potosi, 42 
—China, 271 
—Roznâ, Czech Republic, 545 
—wood-tin, 42, 47 
CASTRO, A.I., Rubies, sapphires and emeralds - quality 

and origin, 268 
Cathodoluminescence (CL) (see Spectroscopy: Cathodolu-

minescence) 
Cat's-eye and asteriated gems: (see Chatoyancy) 
Cavey, CR., 325 
Celestine: Jura, Switzerland, 398 
Ceylon (see Sri Lanka) 
CHALAIN, J.-P. (see Kiefert, L., etal) 
Chalcedony: 
—Bolivia: 42; chrome-, 'chiquitanita', 43, 365 
—carnelian, Saxony, 398 
—chrome-: Bolivia, 43, 364; letter to the editor, 556; Zim

babwe, 364, chemical analyses, 367, gemmological 
properties, 366, 367 

—Chrysoprase: 124; XRD and IR investigations, 268, 454; 
Warrawanda, Western Australia, 270 

—jasper, Germany, 398 
—moganite in, 544 
—moss agate, Edelsbach, Saxony, 398 
—mtorolite, Zimbabwe, 364, 368 
—origins, forms and structures, 399 
—USSR, 111, 124 
Chalcotrichite needles in calcite, 400 
CHANG SI FEN (see Chang Wang Shi Ying, et al) 
CHANG WANG SHI YING, CHANG SI FEN, Emerald, 

463 
Charles IV, Emperor, 455 
Charoitite: former Soviet Union, 116, 117 
Chatoyancy: 
—amber, 20 
—asterism: in garnet, Sri Lanka, 24; spinel, Sri Lanka, 24 
—baryte cat's-eye, Czech Republic, 269 
—brazilianite cat's-eye, India, 269 
—chrysoberyl, radioactive, 191 
—crocoite cat's-eye, Tasmania, 269 
—danburite, cat's-eye: Bolivia, 269; Madagascar, 269 
—emerald cat's-eye, 192, 194 
—enstatite cat's-eye, Tanzania, 269 
—feldpar, brown, 127 
—garnet cat's-eye, Sri Lanka, 398 
—kyanite cat's-eye, India, 269 
—moonstone, star, India, 398 
—opal: 127; black cat's-eye, 401; cat's-eye, 332, 400, 453 
—quartz cat's-eye, 127; pink cat's-eye, Brazil, 453 
—rhodochrosite cat's-eye, Kazakhstan, 269 
—rutile cat's-eye, Sri Lanka, 269 
—sapphire: silky, USSR, 452; star, Madagascar, 400 
—scapolite, 332 

CHATTERJEE, A.K. (see Mukherjee, A., et al) 
Chaumet, Parisian jeweller, 465 
CHAVES, M.L.S.C, KAARFUNKEL, J., HOOVER, 

D.B., Rare gem minerals from Brazil - Part 11 : Euclase 
and phenakite, 453 

CHEILLETZ, A. (see Giuliani, G., et al) 
CHEN BINGHUI (see Qiu Zhili, et al) 
Chen, D.M.C, gift to GAGTL, 197 
CHEN WEISHI (see Zou Tianren, et al) 
Chen Zhonghui, Prof, Awards presentation address, 52, 

53; awarded Honorary Fellowship, 471 
CHEN ZHONGHUI, YAN, WEI XUAN, OU YANG, 

CM., WU, SHUN TIAN, Jewellery - English/Chinese, 
Chinese/English dictionary, 403 

CHERIAN, K.A. (see Zhao, X.Z., et al) 
CHESEAUX, D., Die Amethyste aus dem Bieligertal, 

Wallis, 453 
Chevkinite, Cr-, 188 
Chiastolite, 331 
Chikayama, Prof. A., gift to GAGTL, 49 
Chile: 
—Atacama desert, 268 
—Ovalle, 268 
China: 
—Hubei province, Yunyang turquoise, 1 
—Hunan, Zianghualin, 271 
—Kunming, emeralds, 128 
—Laoning, 453 
—Shandong, 453 
—Sichuan, Xu Bao Diang, Piugwu, 271 
—Xinjiang, Hetian jade, 459 
—Yunnan, 457 
'Chinese-writing stone', 544 
'Chiquitanita' chalcedony, 43, 365 
Chiu Wah Jewellers, gift to GAGTL, 406 
'Chook's foot stone', 544 
Chrysoberyl: 
—alexandrite: colorimetric study, 371, colour variation, 

374; India, 193; intracrystalline Cr3+ distribution, 400; 
Soviet Union, 118, Urals, 127; Western Australia, 190, 
454 

—cat's-eye, radioactive, 191 
—India, 193, 269 
—Poland, 457 
—Sri Lanka, 399 
—Western Australia, 190 
Chrysocolla, Bolivia, 47 
Chrysoprase (see Chalcedony) 
CHIRNSIDE, W. (see Foord, E.E., etal) 
CIELAB Colour space, 375 
CIS (Central Asian States) (see USSR) 
CISGEM, I gemmologi del mondo raccontano le gemme 

dal mare Gemmologia Europa VI, 403 
Citrine: (see Quartz) 
CLAASEN, C, Shells, 463 
Cletscher, T., 220 
Clinohumite: Ti-, former Soviet Union, 117 
COE, S.E. (see Sussmann, R.S., etal.) 
COENRAADS, R.R. (see also Sutherland, F.L., etal) 
—, ELMER, P.E., New opal carving factory at Khao Yai, 

Thailand, 453 
Coeruleolactite: (see Turquoise) 
COLEMAN, R.G. (see Zhang, R., et al) 
Collections: 
—Aurora, diamond, 273 
—Barlow, F. John, 132 
—Giazotto, 127 
—National Gem, Smithsonian Institution, 338 
—Princess Catherine Dashkov, 270 
—St Petersburg University, 190 
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Colombia: 
—Boyaca state, social background, 469 
—Chivor, 466 
—Coscuez, Muzo, 458, 466 
—emerald, 458, 466 
—euclase, 457 
—Muzo, 466 
—Quipama, 466 
—trapiche emerald, 128 
Colour: 
—alexandrite effect, colorimetric study, 371, colour 

changes, 374, 386 
—amazonite, 455 
—beryl, green, 456 
—colour change: causes of, 394; degradation in a cameo, 

453 
—diamond, examination by proton beam irradiation, 330 
—emerald, natural and synthetic, study, 456 
—for science, art and technology, 338 
—human perception, 392 
—jade, black, 422 
—Maxixe-type centre in beryl, 238 
—mineral, 332 
—quartz: blue, 545; red, 458 
—sapphire, cause, 452 
—topazes from San Luis Potosi, Mexico, 29 
—topaz, pink, 453 
—'Transvaal jade', 455 
—Usambara effect, tourmaline, 386 
Commonwealth of Independent States (CIS) (see under 

USSR) 
Composite gems, 400 
Conferences, Symposia and Shows: 
—Deutsche Edelsteinmuseum, Easter Egg exhibition, 464 
—Diamond Conference, Tours, 1996,194 
—Gemmological Conference, 26th International, 1997, 54, 

266, 269, 271, presentations, 55 
—Gemmological Symposium, International, 1999, call for 

posters, 56 
—Munich Mineral Show 1998, 468 
—Springfield, Massachusets, 1997, 270 
—Tucson: 1997,128; 1998,271, 457 
CONKLIN, L.H., Kingsbridge: an early quarrying district 

on Manhattan Island, 190 
COOK, F.A., Applications of geophysics in gemstone 

exploration, 131 
Copal (see Amber) 
Coral: 190; blue sheen, 331 
Cordierite: 
from the former Soviet Union, 122 
Cornelian: (see Carnelian) 
Corrigenda: 203, 476 
Corundum: (see also Ruby, Sapphire) 
—Australia: Barrington gemfield, NSW, 65, geological 

setting, 67 ,inclusions, 77; Poona, Western Australia, 
454 

—'basaltic', 65, analyses, 71, 72, 76, chemistry, 74, ori
gins, 83 

—bicoloured, 331 
—Cambodia, Pailin gemfield, 65, geological setting, 67 
—'metamorphic', 65, analyses, 71, 72, 76, chemistry, 74, 

origins, 80 
—quartz assemblage, 331 
—red, mineralogy and structure, 191 
Coster Diamonds, Amsterdam, 397 
CRAM, L., A journey with colour: A history of Queens

land opal 1869-1979,465 
CROWLEY, J.A., CURRIER, RH., SZENICS, T., Mines 

and minerals of Peru, 127 
CROZAZ, G. (see Snyder, G.A., etal) 

Currie, S.J.A., 1999 photographic competition third prize 
winner, 470 

CURRIER, R.H. (see Crowley, J.A., etal.) 
Crystal habit: 
—euclase, 213 
—topaz from Mexico, 34 
Crystallization, 338 
CUMMING, A. (see Linton, T., et al) 
Cummingtonite (see Amphibole) 
Cuts and cutting: 
—diamond: 126, cabochon, 188; industry in India, 333, 

439, number of cutters, 441; polishing, 131; rose-cut, 
development, 219, summary, 221 

—procedure, peridot, 96 
Czech Republic: 
—Hradisko hill, Roznâ, Moravia, 545 
—Jizerka Louka alluvial sapphires, 456 
—mineral locations, 133 
—Roznâ pegmatite field, 545 

Dana's minerals and how to study them, 337 
Dana's new mineralogy, 337 
Danburite: 
—Bolivia, 43 
—Russia, Dalnegorsk, 399 
DANIELS, L.R.M. (see Kopylova, M.G., etal.) 
DANIELS, P., KROSSE, S., WERDING, G., 

SCHREYER, W., 'Pseudosinhalite', a new hydrous 
MgAl borate: synthesis, phase characterization, crystal 
structure, and PT-stability, 460 

Davidson, T., 52 
DAYAL, A.M. (see Murthy, D.S.N., etal) 
DEEKS, N.W. (see Harding, R.R., etal) 
DEER, W.A., HOWIE, R.A., ZUSSMAN, J., Rock-form

ing minerals, Vol. 2B. Single-chain silicates, 48 
DEGHIONNO, D. (see Balitsky, V.S., etal.) 
DE HEUS, P.R., The application and properties of Monoc-

rystal, 130 
DELANEY, P.J.V., Gemstones of Brazil: geology and 

occurrences, 335 
De Lapidibus, by Hildegard von Bingen, 454 
De Lorn, Jean-Pierre Bertrand (1799-1878), 336 
D'EL-REY SILVA, (see Pulz, G.M., etal) 
DENNEN, W.H. (see Blackburn, W.H., etal.) 
Deposits, USSR, 111 
DESHPANDE, R.S. (see Mathew, G., etal.) 
DETTMAR, D. (see Massone, H.-J., etal.) 
DEVOUARD, B. (see Muhlmeister, s., etal.) 
DEWONK, S., LEROY, J.L., DUSAUSOY, Y., Colour of 

topazes from the rhyolite domes of the San Luis Potosi 
volcanic field, Mexico, 29 

Dharmaratne, P.G.R., 399 
DI JINGRU (see Yuan Xingqiang, et al) 
Diamond: 546 
—assessing, 397 
—Bolivia, Tequeje and Suapi sediments, 43 
—cabochon, black, 188 
—Canada, production, 397 
—China, 267, 453 
—colour causes, 126; examination by proton beam irradia

tion, 330 
—coloured, classifying, 273 
—cutting in India, 330 
—CVD, 460 
—dielectric applications, 398 
—effect of blue fluorescence on appearance, 266 
—famous, 273 
—fancy: testing, 397; vivid type Ha, 188 
—films, handbook, 467 
—Finland, prospecting, 330 
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—fluid-bearing, trace element analyses, 189 
—growth morphologies, 266 
—Indian cut, size distribution, 444 
—industrial, handbook, 467 
—Koh-i-Noor, 546 
—micro-, identification in rock thin-sections, 451 
—Murfreesboro, 188 
—Myanmar, 188 
—nature of, 195 
—nitrogen aggregation in, 190 
—optical applications, 398 
—overview, 546 
—polishing techniques, 131 
—polycrystalline, He, Ar and C isotopes, 543 
—potential indicated by diopside composition, 451 
—radiation-induced colour, 397; crystallization, 267 
—rough: a practical guide, 467; internal and external fea

tures, 467 
—science and technology of, 463 
—shapes, 330 
—simulated (see Simulants and simulated gemstones.) 
—source and associated rocks, Kazakhstan, 267 
—spontaneous cracking, 266, 267 
—Sudbury impact structure, 266 
—subducted biogenic carbon, 450 
—synthetic (see Synthetic gemstones) 
—former Soviet Union, 111 
—thermal applications, 398 
—treated (see Treatment of gems) 
—twinning: interpenetrant cubes, 543; contact twins, 544 
—type determination by cathodoluminescence, 266 
—USSR: 111, 123; Yakutia, 189, 267 
—USA, Pacific Coast, 188 
Diamond Research Laboratory, history, 189 
Diaspore: alexandrite effect, 374 
Dictionary, English/Chinese, Chinese/English jewellery, 

403 
DIGENNARO, M.A., TROSSARELLI, C, RINAUDO, 

C, Characteristics of violet jade from Turkey, 190 
DILLES, J.H. (see Laurs, B.M., et al.) 
Diopside (see Pyroxene) 
Dioptase: former Soviet Union, 124 
DODGE, C.N. (see Sussmann, R.S., etal.) 
Dolomite: Raman spectroscopy, 181; chemical analysis, 

182 
DONATI, D., GUERRA, R., OPPIZZI, N., OPPIZZI, P., 

Aussergewöhnlicher Quarzfund im Valle Bedretto, 
Tessin, 268 

Doublets: 
—emerald-green plastic, 127 
—emerald-opal, 130 
—malachite-azurite, reconstructed, 398 
—plastic-aragonite, 333 
—quartz-feldspar, 398 
Dower, D., gift to GAGTL, 341, 472, 549 
Dower & Hall, London, gift to GAGTL, 549 
DOWNES, P. (see Bevan, A., et al.) 
Duale, Ismail Hussein, gift to GAGTL, 277 
DUNDEK, ML, Diamonds, 546 
DUNN, P.J., Franklin and Sterling Hill, New Jersey: the 

world's most magnificent mineral deposits, 335 
DUSAUSOY, Y. (see Dewonk, S.etal.) 
Dykhuis, Luella Woods, gifts to GAGTL, 49, 341 

East Africa, geology of, 468 
Easter Eggs, 464 
ECKERT, A.W., The world of opals, 336 
Eclogite, Yakutia, USSR, 189 
EDWARDS, H.G.M., FARWELL, D.W., HOLDER, J.M., 

LAWSON, E.E., Fourier transform-Raman spectroscopy 

of ivory: a non-destructive technique, 193 
EDXRF (see X-ray fluorescence) 
EDDENBERGER, U, Axinite vom Piz Vallatscha (GR), 

453 
Elbaite: (see Tourmaline) 
Element mapping: trapiche rubies, 289 
ELEN, S. (see Johnson, M.L., et al; Koivula, J.I., et al, 

and Nassau, K., etal.) 
ELIEZRI, I.Z. (see Moroz, I.I., etal.) 
ELMER, P.E. (see Coenraads, R.R., etal.) 
EMEL'CHENKO, A.G. (see Balitsky, V.S., etal.) 
Emerald: (see also Beryl) 
—Australia, 454 
—Bactrian, 269 
—Brazil: Bahia, 271; Goiâs, chemical signature, 252, 

chemistry, 257, FTIR, 259, 260, geological setting, 253, 
gemmological properties, 254, X-ray diffraction, 255; 
Minas Gérais, 271; workings, 268; Tocantsin, 331 

—chemistry, 457 
—Chile, 268 
—China, characters, 128 
—Colombia: Boyaca, 469; Coscuez mine, 458; inclusions, 

332; mining and marketing, 466; trapiche, 128 
—colour study, 456 
—country of origin, identification, 269 
—deposits survey, 403 
—distinguishing from hydrothermal, 401 
—filling fissures, identification of materials, 501 
—inclusions, 332, 357 
—India, new deposits, 129 
—former Soviet Union, 118, Urals, 127 
—luminescence, laser-induced, 316 
—mineralization, Pakistan, 191; 271 
—monograph, 'L'émeraude', 464 
—quality and origin, 268 
—simulated (see Simulants and simulated gemstones.) 
—synthetic (see Synthetic gemstones) 
—survey, 463 
—trapiche, Madagascar, 399 
—treated (see Treatment of gemstones) 
—Zambia, 456 
—Zimbabwe, 129, 174 
England: Birmingham jewellery making, 466 
Enhancement: (see Treatment of gems) 
Eosphorite: Roznâ, Czech Republic, 545 
Epidote: 
—Saudi Arabia, Hadiyah, 191 
—Switzerland, Mont Chemin, 459 
Equipment: (see Instruments) 
ERICHSON, U., TOMCZYK, L., Die Staatliche Bern-

stein-Manufackur Königsberg, 1926-1945, 464 
Eritrea: Asmera, 456 
ERNST, W.G. (see Leech, M.L., etal.) 
Eskolaite component in ilmenite, 452 
ESTIFANOS, B., STÂHL, K., ANDRÉASSON, P.-G., 

BYLUND, G., JOHANSSON, L., A mineralogical and 
structural study of red corundum, Al, 98Cr02O3, from 
Froland, Norway, 191 

Etch pits, on beryl, 532 
Ettringite, South Africa, 191 
Euclase: 
—Brazil, 453 
—Colombia, 457 
—Mozambique, 209 
—Namibia, 210 
—former Soviet Union. 119 
—Tanzania, 209 
—Uganda, 210 
—Zimbabwe: review, 209, geology, 211, morphology, 213 
Eudialyte from former Soviet Union, 116 
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Evansite: associated with turquoise, 11 
Exhibitions: (see Conferences,...) 
Extralapis 13, Topas: das prachtvolle Mineral, der lebhafte 

Edelstein, 275 
—16, Türkis: der Edelstein mit der Farbe des Himmels, 547 
—Calcit: das formenreichste Mineral der Erde, 335 

Faceting (see Cuts) 
Falize, a dynasty of jewellers, 464, 546 
Fan, E.S.K., gift to GAGTL, 406 
FÄRBER, G., Mineralsammeln in Kalifornia, 398 
FARELL, S. (see McLaurin, D., etal.) 
FARKA§, Z. (see Hovorka, D., et al.) 
Farn, A., gift to GAGTL, 406, 549 
FARWELL, D.W. (see Edwards, H.G.M., etal.) 
FEDOROVA, I.G. (see Masaitis, V.L., etal.) 
Feldspar: 
—adularescent, Bolivia, 47 
—albite: chemical analyses, 178; Raman spectra, 179 
—amazonite: colour, 455; Lake George, Colorado, 456; 

Pikes Peak, 277; in topaz, 400 
—chatoyant, 127 
—labradorite, USSR, 113 
—moonstone, Patna, 128 
—new phase, AbxOr100.x, x « 50, 458 
—plagioclase iridescence, 13 
FERAUD, G. (see Giuliani, G., etal.) 
Fernandes, Mrs Shyamala, gift to GAGTL, 277 
FERNANDES, S., JOSHI, V., SARMA, S., Comparative 

study of Indian rubies vis-a-vis other rubies, 453 
FIELD, J.E. (see van Bouwelen, F.M., etal.) 
Fissure fillers, 502, 519 
Finland: 
—diamond prospecting, 330 
—Turku, 454 
—Ylämaa, 458 
Fleischer's glossary of mineral species, 466 
Flewelling, A., gift to GAGTL, 341 
Fluorescence: pearl, 21,22 
Fluorite: 
—alexandrite effect, 374 
—Bolivia, 44 
—France, Chamonix, 545 
—green: China, 271; octahedra, New Hampshire, USA, 

270 
—Italy, 457 
—pink: France, 545; Western Australia, 454 
—purple, Colorado, USA, 277 
Foitite: (see Tourmaline) 
FOORD, E.E. (see also Gaines, R.V., etal.) 
—, CHIRNSIDE, W., LICHTE, F.E., BRIGGS, PH., Pink 

topaz from the Thomas range, Juab County, Utah, 453 
—, TAGGART, J.E., A re-examination of the turquoise 

group: the minerals aheylite, phanerite (redefined), tur
quoise and coeruleolactite, 331 

FORESTIER, F.H., Jean-Pierre Bertrand de Lorn (1799-
1878), prospecteur-minéralogiste vellave, et son oeuvre 
gemmologique, 336 

Forsterite: (see Olivine) 
Fourier Transform spectroscopy (FTIR) (see Spectroscopy: 

infrared) 
France: 
—Argentiere glacier, Chamonix, 545 
—Chamonix, 277 
FRANCE-LANORD, C. (see Giuliani, G., etal.) 
FRANCIS, J.G. (see Harding, R.R., etal) 
FRAZIER, A. (see Frazier, S.,etal.) 
FRAZIER, S., FRAZIER, A., JERUSALEM, D., 

STARKE, B.R., WILD, M., Das Ei. Kostbare Ostereier 
aus Edelstein, 464 

FRITSCH, E. (see also Balitsky, V.S., et al; Liu, Y., et al, 
andMuhlmeister, S., etal.) 

—, La detection du jade B, 454 
FRYER, C.W., Gem Trade Lab. Notes, 126, 127(2) 
Führbach, J.R., gifts to GAGTL, 49, 197, 341 
FÜHRBACH, J.R., Peridot from the Black Rock Summit 

lava flow, Nye County, Nevada, USA, 86 

GABLER, J. (see Winter, E.M., et al.) 
Gage, Elizabeth, gift to GAGTL, 341 
Gahnospinel, 790 
GAINES, R.V., SKINNER, H.C.W., FOORD, E.E., 

MASON, B., ROSENWEIG, A., Dana's new mineral
ogy: the system of mineralogy of J.D. Dana and E.S. 
Dana, 337 

GALIBERT, O. (see also Hughes, R.W., et al) 
—, HUGHES, R.W., Sur la piste de la ligne vert: un voy

age vers les mines de jade du Myanmar, 454 
GAO YAN (see also Schmetzer, K., et al) 
—, ZHANG BEILI, Identification of B jade by FTIR spec

trometer with near-IR fibre-optic probe accessory, 302 
GARANIN, V.K. (see Ananyev, S.A., etal) 
Garnet: 
—alexandrite effect, 374 
—andradite: Arizona, 725; California, 457; iridescent, 

Sonora, Mexico, 331 
—asterism, 24 
—Bolivia, 44 
—demantoid: 121; Eritrea, 456; Namibia, 797, 792, 456, 

457; Russian, 797 
—grossular: 121; bicoloured, 797; Mexico, 277 
—hessonite-andradite, 117 
—Mali, 457 
—pyrope, 332 
—pyrope-almandine, 270 
—pyrope-spessartine, 399 
—Raman spectra, 459 
—red, Antarctica, 400 
—rhodolite, 400 
—simulated (see Simulants and simulated gemstones.) 
—synthetic (see Synthetic Gems) 
—former Soviet Union, 118, 121 
—spessartine: 331; China, 457; Pakistan, red, 457; Urals, 

analysis, 544 
—'Transvaal jade', 454 
—uvarovite, 121 
GASHAROVA, B., MIHAILOVA, B., KONSTANTI-

NOV, L., Raman spectra of various typres of tourmaline. 
797 

Gassan Diamonds, Amsterdam, 397 
GAUTHIER, J.-P. (see Caseiro, J., etal) 
GAWEL, A., OLKIEWICZ, S., ZABINSKI, W., XRD and 

IR spectroscopic investigations of some Chrysoprases, 
268, 454 

Gaylussite, relationship with opal, 792 
GEIGER, CA. (see Kolesov, B.A., etal) 
Gem and Pearl Testing Laboratory, Bahrain, Notes - 6, 17 
Gem Lab news, Scottish, 455 
Gemmologie Aktuell, 130, 398, 452 
Gemmological Association and Gem Testing Laboratory 

of Great Britain, Proceedings of, and Notices, 49, 135, 
196,276,340,404,470,548 

—AGM: 1998, 276; 1999, 548 
—Annual Report: 1997, 198; 1998,471 
—Awards, 471 
—Bequests to, 50 
—Council of Management meetings, 56, 140, 200, 282, 

345, 409, 475 
—Examinations, successes; Gem diamond, 136, 277, 407, 

549; Gemmology, 137, 278, 408, 550, Prizes, 550 
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—Gifts to, 49, 135, 197, 277, 341, 406, 472, 549 
—Members' Meetings, 50, 136, 197, 276, 340, 405, 471, 

548 
—Membership and Qualifications, elections, 56, 140, 

200, 282, 345, 409, 475, 554 
—News of Fellows, 135,276, 340, 405, 471, 549 
—Photographic competition: 1998, 196; 1999,470 
—Presentation of Awards, 50, 52, 341 
—Tutorial Centre, 201, 281, 346, 474, 553 
Gem News, 126, 128, 130, 188, 194(2), 266, 271, 330, 331, 

333, 397, 399 
Gemology, A guide to affordable, 464 
Gems: (see Jewellery) 
Gemstones of the world, 468 
Gem Trade Lab Notes, 126, 127(2), 188, 192, 266, 270, 

272, 332, 333, 397, 400, 401 
GENDRON, F., Le jade-jadeite du Guatemala: 

archéologique d'une rédécouverte, 454 
Genot, L., gift to GAGTL, 549 
Geologica Bavarica, 464 
Geological terms, 114 
Geothermometry of magnetite-ilmenite, 188 
Germany: 
—Baltic coast amber, 456 
—Bayern, gold, 464 
—Bitterfeld, 271 
—Dresden, Green Vaults, 399, 455 
—Goitsche, 271 
—Idar-Oberstein: history, 190, 452; Deutsche Edelstein

museum, 334, 399 
—Königsberg amber factory, 464 
—Riedenburg mineral museum, near Munich, 465 
—Saxony: agates, 455; Chreischwitz turquoise, 270; Eber-

sbach silica minerals, 398; St Egidien, 332 
—Thuringia: agates, 19, 269, 455; globular rhyolites, 269; 

Weckersdorf turquoise, 270 
GERNAKOV, V.J (see Burlakov, J.V., et al.) 
GGG: (see Synthetic gemstones) 
Ghana: 
—Akwatia, 451 
—Birim diamond field, 267 
GIAZOTTO, A., Minerali in vetrina: alcune tourmaline 

della collezione Giazotto [second part], 127 
GIARDINA, G., Ambra in Provincia di Ragusa, 454 
Gifts to GAGTL, 49 
—American Institute of Diamond Cutting, 277 
—Anderson, S.M., 197 
—Bahrain Promotions and Marketing Board, 406 
—Becker, G., 472 
—Burton, R., 341,406 
—Chen, D.M.C., 197 
—Chikayama, Prof. A., 49 
—Chiu Wah Jewellers, 406 
—Dower, D, 341, 472, 549 
—Duale, Ismail Hussein, 277 
—Dykhuis, Luella Woods, 49, 341 
—Fan, E.S.K., 406 
—Farn, A., 406, 549 
—Fernandes, Shyamala, 277 
—Flewelling, A., 341 
—Führbach, J.R., 49, 197,341 
—Gage, Elizabeth, 341 
—Genot, L., 549 
—Glaser, Sonja, 277, 341, 406, 472 
—Green, Gwyn, 277 
—Guptill, M., 549 
—Hargreaves, J.R., 49 
—Henn,U., 197 
—High Pressure Diamond Optics, Inc., 49 
—Holts of London, 549 

—Howie, Professor R., 277 
—Hunt, Brenda, 277 
—Kaleel, Ameena, 277 
—Kalischer, Janice, 277, 406 
—Kanis,DrJ.,49 
—Kessler, J., 197 
—Kothari,K., 197 
—Li Liping, 406 
—Marcia Lanyon Ltd., 49, 341 
—Milisenda, C, 197 
—Mitchell, B., 472 , 549 
—Nancarrow, P.H.A., 277 
—Ou Yang, Mrs CM., 49, 406 
—Piat, D., 277 
—Redknap, S.F., 277 
—Ripley, Evelyn, 49 
—Seager, P., 406 
—Sluis, J., 197 
—Smith, Jean, 341 
—Strack, Elisabeth, 277 
—Suchak, P.R., 49 
—Suwa, Yasukazu, 341 
—Thomson (Gems) Ltd, 197, 277, 406 
—Thurlby, P., 341 
—van der Giessen, Wilma, 341 
—van Rose, S., 472 
—Vuillet, P., 341 
—Ward, J.M., 197 
—Wijayananda, N.P., 472 
—Wood, R., 341 
—Yan Weixuan, 406 
—Yoshitake, Yumi, 341 
—Zhou, L., 406 
GIRARD, M. (see Cartigny, P., et al.) 
GIULIANI, G., CHEILLETZ, A., ZIMMERMANN, J.-L., 

RIBIERO-ALTHOFF, A.M., FRANCE-LANORD, C, 
FERAUD, G., Les gisements d'émeraude du Brésil: 
genèse et typologie, 268 

GLAS, M., Hildegard von Bingen De Lapidibus. Welsche 
Steine beschrieb Hildegard tatsächlich? 454 

Glaser, Mrs Sonja, gifts to GAGTL, 277, 341, 406, 472 
Glass: (see also Tektite) 
—alexandrite effect, 374 
—obsidian: 'makusanite', 322, marekanite, 322; 'Rain

bow', 128 
Glauberite, relationship with opal, 192 
Glossary of mineral species, Fleischer's, 466 
GNOS, E., MAHMOOD, K., KHAN, M., KHAN, AS., 

ARMBRUSTER, TH., Natrolite from the Bela ophiolite, 
Pakistan, 308 

Gold: 
—Bayern, Germany, 464 
—middle Europe, 133 
GOLEBIOWSKA, B. (see Pieczka, A., etal.) 
GONTHIER, E. (see also Poirot, J.-P., et al.) 
—, La cueillette des minéraux gemmes du massif du Mont 

Blanc, 127 
—, Les saphirs du nord de Madagascar, 191 
—, Reflections sur des techniques lapidaires mogholes, 

131 
—, Réflexion sur l'esthétique des objets de jade tradition

nels chinois avant le XVIIIéme siècle, 454 
GOTZE, J., NASDALA, L., KLEEBERG, R., WENZEL, 

M., Occurrence and distribution of 'moganite' in agate/ 
chalcedony: a combined micro-Raman, Rietveld, and 
cathodoluminescence study, 544 

GOODWIN, M.P., Manganese minerals from the southern 
New England district, 454 

GO VIL, P.K. (see Murthy, D.S.N., etal.) 
Goyazite: Roznâ, Czech Republic, 545 

590 



GRAESER, S. (see Stalder, H.A., et al) 
Graphite pseudomorphs after diamond?, 451 
GRAY, M. (see Laurs, B.M., et al) 
Greece: Pendeli, Athens, 191 
Green, Gwyn, gift to GAGTL, 277 
GRIEVE, R.A.F. (see Masaitis, V.L., et al) 
GRIFFIN, W.L. (see Sobolev, N.V., et al) 
GRIMWADE, A. (see Blair, C, etal) 
GROSPIRON, G. (see Caseiro, J., et al) 
Grossular (see Garnet) 
GRUNDMANN, G., MORTEANI, G., Alexandrite, emer

ald, ruby, sapphire and topaz in a biotite-phlogopite fels 
from Poona, Cue District, Western Australia, 454 

GUASTONI, A., PEZZOTTA, F., La foitite delle 
pegmatiti di S. Piero in Campo, Isola d'Elba, 268 

Guatemala: jade, history of, 454 
GÜBELIN, E.J., BASSETT, A.M., MANANDHAR, 

M.N., Rubies and fancy coloured sapphires from Nepal, 
127 

GUERRA, R. (see Donati, D., et al) 
GUNDU RAO, T.K. (see Mathew, G., et al) 
GUPTA, L.N., MEIER, G., JOHANNES, W., Cloudiness 

in zircons - a chemical and morphological study, 454 
Guptill, M., gift to GAGTL, 549 
GURNEY, J.J. (see Kopylova, M.G., et al.) 
Gypsum: former Soviet Union, 111, 122, 124 

HAAKE, R. (see Pauli§, P., et al) 
HÄBERLI, S. (see Hänni, H.A., etal) 
Haggis rock, 534, features, 537 
HALL, C, Identifying gems and precious stones, 273 
HALLIDA Y, A.N. (see Snyder, G.A., etal) 
HALVORSEN, A. (see Liu, Y., et al) 
HAMMER, V.M.F., Elfenbein: Vom Aussehen bis zur 

Identifizierung, 399 
—, Tiefgrüner Lazulith, 454 
Handbook of mineralogy, 334 
HANNEMAN, W.W., The Hodgkinson method, a.k.a. The 

eye and prism method, Clarifying the record, 401 
—, Guide to affordable gemology, 464 
HÄNNI, H.A. (see also Kiefert, L., et al, and Schmetzer, 

K.,etal) 
—, Über die Bildung von Perlmutter und Perlen, 
—, SCHUBIGER, B., KIEFERT, L., HÄBERLI, S., 

Raman investigation on two historical objects from 
Basel Cathedral: the Reliquary Cross and Dorothy Mon
strance, 399 

HARDER, H., Achate: zur Diskussion über die Genese, die 
Farben sowie über seltene Achatqualitäten, 399 

Harding, Dr R.R., 52 
HARDING, R.R. (see also Blair, C, et al) 
—, FRANCIS, JG., OLDERSHAW, C.J.E., RANKIN, 

A.H., Johachidolite - a new gem, 324 
—, READ, P.G., DEEKS, N.W., A new Brewster-angle 

meter for gem identification, 539 
Hargreaves, D., gift to GAGTL, 49 
HARLOW, G.E. (Ed.), The nature of diamonds, 195 
Harris, J.S., photographic competition third prize winner, 

196 
HARRIS, J.W. (see Burgess, R., et al, Cartigny, P., et al, 

and Stachel, T., etal.) 
Hatton Garden, history of lapidary work, 459 
HÄUSEL, W.D., Pacific coast diamonds - an unconven

tional source terrane, 188 
HAYES, D., Diamond in jewellery manufacture, 450 
HEAMAN, L. (see Leckie, D.A., etal) 
Heliodor: (see Beryl) 
Hematite, 'rainbow' inclusions in quartz, 128 
Hemimorphite, 332 
HEMPHILL, S. (see Liu, Y., etal) 

HENN, A. (see Lind, Th., etal) 
Henn, U., gift to GAGTL, 197 
HENN, U. (see also Bank, H., et al, Lind, Th., et al; and 

Wegner, R., etal) 
—, Bestrahlte Edelsteine - Grundlagen, Erkennung, 

Nomenklature, 399 
—, MILISENDA, C.C., Gemmologische Kurzinformatio

nen. Short gemmological notes, 128 
—, MILISENDA, C.C., Gemmologische Kurzinformatio

nen. Ein neuer Typ farbbehandelter Diamanten, 450 
—, MILISENDA, C.C., Gemmologische Kurzinformatio

nen. Synthetische Feueropale mit Farbenspiel von 
Kyocera, Japan, 461 

—, MILISENDA, C.C., Synthetic red beryl from Russia, 
481 

HENRY, DA. (see Birch, W.D., etal) 
Herkimer, Nicholas, 271 
Hessonite: (see Garnet) 
High Pressure Diamond Optics, Inc., gift to GAGTL, 49 
HIRABAYASHI, K., HIROSE, Y., Growth mechanism of 

flattened diamond crystals synthesized by chemical 
vapor deposition, 130 

HIROSE, Y. (see Hirabayashi, K., etal) 
HLAING, U.T., WIN, T.T., The diamond deposits of 

Myanmar, 188 
HOCHLEITNER, R., VOGT, M., 'Transvaal-jade' aus 

Südafrika, 454 
HODGKINSON, A., Scottish gem lab news, 455 
HOFER, S.C., Collecting and classifying coloured dia

monds: an illustrated history of the Aurora collection, 
273 

HOFMANN, B., MENKVELD-GFELLER, U., Steine der 
Erde: Neue permanente mineralogisch Ausstellungen im 
Natuhistorischen Museum Bern, 397 

HOLDER, J.M. (see Edwards, H.G.M., etal) 
Holland: Amsterdam diamond factories, 397 
Holts of London, gift to GAGTL, 549 
Holzhey, G., 399 
HOLZHEY, G., Achate aus Sachsen und Thüringen - Ein 

Überlick zu ihren Vorkommen in Gängen und Vulkan-
iten, 455 

—, Feueropal von Opal Butte, Oregon, USA, 331 
—, Origin and formation of agate-bearing spherulites: the 

Thuringian Forest, Germany, 191 
—, Quartz-Mineralisationen in Rhyolithkugeln nahe des 

Seebachsfelsens südwestlich Friedrichroda, Thüringer 
Wald, 269 

HOOVER, D.B. (see also Chaves, M.L.S.C., et al) 
—, The Hodgkinson method, a.k.a. the eye and prism 

method: some further adaptations. 272 
Hornbill ivory, 127 
Horowitz Library, Theodore, 339 
HOSHI, T. (see Takagi, T., et al) 
HOVORKA, D., FARKAS, Z., SPlSlAK, J., Neolithic 

jadeitite axe from Sobotiâte (western Slovakia), 545 
HOWARD, P., Alaskan jade, 455 
Howie, Prof. R.A.: Presentation of Awards, 50, 52, 53; gift 

to GAGTL, 277 
HOWIE, R.A. (see also Deer, W.A., et al) 
—, Iridescence in plagioclase feldspars, 13 
HSIEN HO TSIEN, Mineralogical studies of archaic jades, 

465 
Huddlestone, R., 1999 Photographic Competition first 

prize winner, 470 
HUGHES, R.W. (see also Galibert, O., et al) 
—, GALIBERT, O., Foreign affairs - fracture healing/fill

ing of Mong Hsu ruby, 455 
HUIZENGA, J.M. (see Cairncross, B., et al) 
Hunt, Brenda, gift to GAGTL, 277 
HUNZIKER, J. (see Milisenda, C.C., etal) 

591 



HUREL, R., SCARISBRICK, D., Chaumet, Paris: two 
centuries of fine jewellery, 465 

HURLBUT, CS., SHARP, W.E. JR., Dana's minerals and 
how to study them (after Edward Salisbury Dana), 337 

HWANG, J.W., Natural bleach jadeite identification, 465 
Hyacinth: {see Zircon) 
HYR&L, J., Some unusual cat's-eyes, 269 
—, Chrome chalcedony - a review, 364 
—, NEUMANOVA, P., Eine neue gemmologische Untersu

chung der Sankt Wenzelskrone in Prag. (A new gemmo-
logical study of the St Wenceslas crown in Prague), 455 

—, PETROV, A., Gemstones and ornamental stones from 
Bolivia: a review, 41 

—, QUINTENS, I., Druses of synthetic alexandrite and 
synthetic phenakite from Russia, 447 

—, ZÂCEK, V., Obsidian from Chile with unusual inclu
sions, 321 

Idocrase {see Vesuvianite) 
Igmerald, 145 
IIDA, K. {see Umeda, I., etal) 
Ikaite, relationship with opal, 192 
Ilmenite: eskolaite component, 452 
Ilmenorutile, 183, chemical analyses, 184 
Imitation gems {see Simulated gems) 
Inclusions:465 
—illustrations, 547 
—in alexandrite, India, 193 
—in beryl: Russian, synthetic, 484; two phase, 525, 530 
—in Chrysoprase, 270 
—in diamond: kyanite identified by Raman analysis, 222; 

South Africa, 188; Yakutian, 266; Zimbabwe, 450 
—in emerald: synthetic, 487; various sources, 357, 358; 

crystallochemical formulae, 360; Zimbabwe, 174 
—ineuclase, 216 
—in jade, black, 423 
—in obsidian, 322 
—in peridot, USA, 96 
—in quartz, Bolivia, 46 
—in rubies, 106 
—in sapphires, 106; USSR, 452 
—in serpentine, 163 
—in spinel, red, 194 
—in titanite, 270 
—aerinite in blue quartz, 545 
—amazonite in topaz, 400 
—chalcotrichite? in orange calcite, 400 
—diamond and graphite in sapphire, 266 
—kerolite in Chrysoprase, 270 
—lazulite in quartz, Madagascar, 398 
—nailhead, multicomponent, in synthetic emerald, 487 
—piedmontite in quartz, 458 
—silicates in diamonds, trace element evidence for origins, 

451 
—syngenetic in diamonds, Tanzania, 452 
—thorite in 'Sri Lanka' sapphire, 262 
—ultramafic and eclogitic minerals, in diamond, 544 
—zircon in jadeite, 332 
India: 
—Andhra-Pradesh, Anantapur district, 759, Chigicherla 

district, 189, Narsipatnam, 193, Vishakhapatnam, 193 
—Bihar, Patna, 128 
—diamond cutting industry, 333, 439 
—Jaipur Gem Testing Laboratory, Silver jubilee, 464 
—Kamataka, ruby SG, 453 
—Madhya Pradesh, Latapara, 193, Majhgawan, 188, Mat-

rapara, 193 
—Orissa, Badmal, 239, Dakalguda, 193, Jerapani, 193, 

Surjapalli, 193, ruby SG, 453 
—Tamil Nadu, Sankari Taluka, 129 

Indialite, inclusion in obsidian, 322 
Indicolite: {see Tourmaline) 
Indo-China: {see Vietnam) 
Indonesia: 
—269, 271 
—Aru Islands, 333 
INDUTNY, V.V., VISHNEVSKA, L.I., Short information 

about gemmological science and practice, 131 
Infrared spectroscopy {see Spectroscopy: Infrared) 
Instruments: 
—Brewster-angle meter, 539, 541 
—cryostat for spectroscopic measurements of diamonds, 

460 
—Eickhorst SR/XS refractometer, expanded scale, 460 
—Gem Kit, 193 
—GemScan II, 459 
—goniometer, crystallographic, history of, 459 
—Hitachi U-4001 spectrophotometer, 376 
—Meiji Technico GF-252 refractometer-polariscope, 194 
—Moissanite/Diamond C3 Inc. Tester model 590, 435 
—optical, 272 
—pearl testing, 270 
—Raman spectroscopy remote-sensing probe, 193 
Intergrowths: Huttenlocher in plagioclase, 16 
loi ite: {see Cordierite) 
Iridescence: 
—adularescent feldspar, 47 
—green sapphire, Australia, 453 
—in plagioclase, 13 
—labradorescence, 15 
—peristerescence, 14 
Irradiation {see Treatment) 
Italy: 
—Candeli district, Firenze, 192 
—Elba, foitite, 268 
—Pozzallo, Ragusa, amber, 454 
—Sel vino, Bergamo, 453, 457 
—Vicenza, gems, 335 
—Zogno, Lombardy, 457 
ITO, E., Study on the mechanism of formation of 'circle 

pearls' - an approach from the nacreous structure, 331 
Ivory: 
—identification, 399 
—Fourier-transform-Raman spectroscopy, 193 

JACOBS, SR.-A., Darwin-Glas: ein schleifwürdiger, 
grüner Tektit, 269 

Jade: {see also Nephrite, Jadeite) 
—archaic, guide to, 465 
—gem, identification and buying guide, 465\ survey, 469 
—Hetian, texture and structure, 459 
Jadeite: 339 
—ABC, 467 
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Lazulite: 
—green, Pakistan, 454 
—former Soviet Union, 123 
LECKIE, DA., KJARSGAARD, B.A., BLOCK, J., 

MCINTYRE, D., MCNEIL, D., STASIUK, L., HEA-
MAN, L., Emplacement and reworking of Cretaceous, 
diamond-bearing, crater facies kimberlite of central Sas
katchewan, Canada, 451 

LEE, J.-S. (see also Yu, S.-C, et al) 
—, LEE, P.-L,, YU, S.-C, Structural analysis on flux 

grown emerald crystals, 130 
LEE, P.-L. (see Lee, J.S., et al.) 
LEECH, M.L., ERNST, W.G., Graphite pseudomorphs 

after diamond? A carbon isotope and spectroscopic 
study of graphite cuboids from the Maksyutov Complex, 
south Ural Mountains, Russia, 451 

LEES, B. (see Scovil, J., etal.) 
LEES, B.K. (see also Knox, K., et cd.) 
—, Neue Amazonitfunde aus Colorado, 456 
LEE YING HO, Jadeite, 339 
LEONHARDT, W., Die dicken Brunner aus St Egidien, 332 
LERGIER, W., Dendritenachat: 'kristalline Pflanzenwelt', 

332 
LEROY, J.L. (see Dewonk, S. et al) 
LETENDRE, J.P. (see Scott Smith, B.H., et al) 
Letter to the Editor, Cr-chalcedony, 556 
LEVINSON, A.A. (see also Sevdermish, M, et al.) 
—, Teaching gemmology at the undergraduate university 

level, 332 
LEVI-PLÉ, C. (see Caseiro, J., et al.) 
LIAO ZONG TING, BIAN QING, Gem jade identification 

and buying guide, 465 
LICHTE, F.E., (see Foord, E.E., et al.) 
LIGHTBOWN, R.W. (see Blair, C, et al.) 
LI HANSHENG (see Ou Yang, CM., et al.) 
Li Liping, Tully Prize winner, 54; gift to GAGTL, 406 
Limestone: 
—landscape, Italy, 192 
—silicified: Bolivia, 46 
LIND, TH, HENN, U., BANK, H., New occurrence of 

demantoid in Namibia, 456 
—, HENN, U., HENN, A., BANK, H., Neues Vorkommen 

von Demantoid in Namibia, 192 
—, HENN, U., MILISENDA, C.C., Vergleichende Unter

suchungen an Rhodolithen verschiedener Provenienz, 
332 

LINTON, T., Yttrium aluminium perovskite, 130 
—, A new technique for detecting synthetic yellow 

sapphire, 193 

—, PEMBERTON, R., CUMMING, A., SWEENEY, B., 
MASSON, N., GemScan II, 459 

—, SULTMAN, S., PETERS, J., Expanded scale Eickhorst 
refractometer, 460 

—, SULTMAN, S., PETERS, J., The Gem Kit, 193 
—, SULTMAN, S., PETERS, J., Meiji Technico model 

GF-252 refractometer-polariscope, 194 
LIOU, J.G. (see Zhang, R., et al.) 
Liu Jie Wen, Anderson Medal winner 1999, 550 
LIU, Y., SHIGLEY, J.E., FRITSCH, E., HEMPHILL, S., 

A colorimetric study of the alexandrite effect in gem-
stones, 371 

—, SHIGLEY, J.E., HALVORSEN, A., Colour hue 
change of a gem tourmaline from the Umba Valley, Tan
zania, 386 

LI WENWEN (see Wu Ruihua, et al.) 
LI YALI, Comparative study on the colour of natural 

emerald, synthetic emerald and green beryl, 456 
'Lombard Diamonds', 453 
Loparite, strontian K-Cr, 188 
LORENZ, V., Zur Vulkanologie von diamantführenden 

Kimberlit- und Lamproit-Diatremen, 330 
LUHN, M., ACKERMANN, L., Tieftemperaturspeck-

troskopie von farbingen Diamanten mit neuartiger Küh
lzelle, 460 

Luminescence, laser induced in emeralds, 316 
LU TAIJING (see Balitsky, V.S., et al.) 

McCLURE, S.F. (see Balitsky, V.S., etal, Moses, T.H., et 
al, and Nassau, K., etal.) 

MACHADO, W.G. (see also Yacoot, A., et al) 
—, MOORE, M., YACOOT, A., Twinning in natural dia

mond, II. Interpenetrant cubes, 543 
McINTYRE, D. (see Leckie, DA., etal.) 
McLAURIN, D., ARIZMENDI, E., FARELL, S., NAVA, 

M., Pearls and pearl oysters in the Gulf of California, 
269 

McNEIL, D. (see Leckie, D.A., et al) 
Madagascar: 
—Antogombato, 457 
—blue quartz, 269 
—Farafangana aquamarine, 399 
—Ilakaka sapphire, 545 
—Mananjary, 'trapiche' emerald, 399 
—new gem occurrence, 452 
—sapphires, 191; new deposits, 269, star, 400 
—spessartine, 331, new deposit, 331 
—tourmaline, 127 
MAGASE, T., AKIZUKI, M., Texture and structure of 

opal-CT and opal-C in volcanic rocks, 332 
MAHMOOD, K. (see Gnos, E , et al.) 
MAKHINA, I.B. (see Balitsky, V.S., etal.) 
Malachite: 
—Bolivia, 47 
—former Soviet Union, 122, 123 
Malagasy Republic (see Madagascar) 
MALANGO, V. (see Milisenda, C.C., etal) 
MALEEV, M., Hydrothermal growth of man-made corun

dum crystals, 461 
Mali: 
—bicoloured grossular, 191 
—garnet, green, 457 
MALIKOVA, P., Origin of sapphires from the Jizerska 

Louka alluvial deposit in north Bohemia, Czech Repub
lic, Europe, 456 

MALTSEV, V.S. (see Thomas, V.G., etal.) 
MANANDHAR, M.N (see Gübelin, E.J., etal) 
MANDARINO, J.A., Fleischer's glossary of mineral spe

cies (8th edn), 466 
Marcia Lanyon Ltd., gifts to GAGTL, 49, 341 
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MAR'IN, A.A. (see Balitsky, V.S., et al) 
MARKI, G., STEEN, H., Mineralien aus dem Dronning 

Maud Land, Antarkis, 400 
MASAITIS, V.L., SHAFRANOVSKY, G.I., GRIEVE, 

R.A.F., PEREDERY, W.V., BALMASOV, EL., 
FEDOROVA, LG., [Diamonds in suevites of the Sud
bury impact structure, Canada], 266 

MASCETTI, D. (see Bennett, D., et al, orw/Triossi, A., et al) 
MASHKOVTSEV, R.I. (see Thomas, V.G., et al.) 
MASON, B. (see Gaines, R.V., etal) 
MASON, S., Jewellery making in Birmingham, 1750-

1995, ^ 
MASSON, N. (see Linton, T., et al) 
MASSONE, H.-J., BERNHARDT, H.-J., DETTMAR, D., 

KESSLER, E., MEDENBACH, O., WESTPHAL, T., 
Simple identification and quantification of microdia-
monds in rock thin-sections, 451 

MATHEW, G., KARANTH, R.V., GUNDU RAO, T.K., 
DESHPANDE, R.S., Maxixe-type colour centre in natu
ral colourless beryl from Orissa, India: an ESR and OA 
investigation, 238 

MATLINS, A.L., BONNANO, A.C., Gem identification 
made easy (2nd edn), 274 

MATSUDA, J.I. (see Wada, N., et al) 
MATSUZUKI, K., Jewelry from the Pearl Museum, Vol. 1, 

466 
Maurer, R.: 1998 photographic competition first prize win

ner, 196; 1999 photographic competition second prize 
winner, 470 

MATTEY, D.P. (see Burgess, R., et al) 
MEDENBACH, 0. (see also Massone, H.-J., et al, and 

Schmetzer, K., etal) 
—, MIRWALD, P.W., KUBATH, P., Kristalle und Licht, 

272 
MEISSER, N. (see Andermatt, P.J., etal.) 
MELCHART, W. (see Brandstätter, F. etal) 
MELI, R., Minerali e piètre figurate della discarica di Can-

deli (Firenze), 192 
MEMMI, I. (see Biagini, R., etal.) 
MENKVELD-GFELLER, U. (see Hofmann, B., etal) 
MENZIES, M.A., The mineralogy, geology and occur

rence of topaz, 456 
Metals, precious: recovery and refining, 334 
Meteorites: (see Tektites) 
Mexico: (see also America, North) 
—Gulf of California pearls, 269 
—Ojo Laguna, Chihuahua, 545 
—San Luis Potosi topaz, 29 
—Sierra de las Cruces, Coahuila, 271 
—Sonora, Sierra Madre Mountains, 331 
MICIAK, A.R. (see Sevdermish, M., etal.) 
Microcline (see Feldspar) 
Microtopography, surface, of beryl, 523 
MIHAILOVA, B. (see Gasharova, B., etal) 
Milisenda, C, gift to GAGTL, 197; exhibition in German 

Gem Museum, Idar, 399 
MILISENDA, C.C. (see also Bank, H., et al, Henn, U, et 

al, Knigge, J., etal, andh'md, Th., etal) 
—, HUNZIKER, J., Demantoid aus Eritrea, 456 
—, MALANGO, V., TAUPITZ, K.C., Edelsteine aus Sam

bia - Teil 1 : Smaragd. 
Millard, S., Preliminary Trade Prize winner, 52 
MILLEDGE, H.J. (see Taylor, W.R., et al) 
Mineralogy, genetic, former Soviet Union, 111 
Mines and Mining: 
—Aga Khan, Poona, Western Australia, 398 
—Akase, Japan, 332 
—Akwatia, Birim field, Ghana, 267 
—Anahi, Santa Cruz, Bolivia, 45 
—Argyle, Western Australia, 330 

—Benitoite Gem Mine, California, 192, 399 
—Berrick Meikle, Nevada, USA, 457 
—Black and White mine, Danglemah, NSW, Australia, 454 
—Boi Morto, Brazil, 128 
—Broken Hill, Australia, 126 
—Brumado, Bahia, Brazil, 271 
—Chama, Zambia, 456 
—Chivor, Colombia, 466 
—Coscuez, Colombia, 458, 466 
—Emerald Pool, Poona, Western Australia, 398 
—FwayaFwaya, Zambia, 456 
—Hanover #42, Fierro, New Mexico, USA, 457 
—Herkimer 'diamond' mine, New York, 271 
—Hosaka, Japan, 332 
—Kagem Kafubu, Zambia, 456 
—Kingsbridge, Manhattan Island, USA, 190 
—La Gaiba, Santa Cruz, Bolivia, 41 
—Luc Yen, Vietnam, 271 
—Medina mine, Minas Gérais, Brazil, 271 
—Muzo, Colombia, 466 
—Myanmar jade, 454 
—Peru, 127 
—Phillis Ann claim, Lake George, Colorado, 271 
—Poona, Western Australia, history, 454 
—Premier Mine, Pretoria, South Africa, 267 
—Quipama, Colombia, 466 
—Rosh Pina, Namibia, 270 
—Sandawana mine, Zimbabwe, 129 
—Solomon pit, Western Australia, 398 
—Stargazer Claim, Northwest Territory, Canada, 193 
—Sweet Home, Colorado, USA, 129 
—Viloco, La Paz, Bolivia, 42 
—Wise Mine, Westmorland, New Hampshire, USA, 270 
—Yellow Cat, San Benito County, California, 457 
—Zianghualin mine, Hunan, China, 271 
MIRWALD, P.W. (see Medenbach, O., et al) 
Mitchell, B„ gift to GAGTL, 472, 549 
Moganite in agate/chalcedony, 544 
Moghul lapidary techniques, 131 
Moissan, Ferdinand Frederick Henri, 427 
Moissanite: synthetic (see Synthetic gemstones) 
MOK, D., Contemporary identification to (sic) green Jade

ite, '457 
Monazite: 
—Roznâ, Czech Republic, 545 
—Sri Lanka, 453 
MONCADA, R., QUINN, T., El maravilloso mundo del la 

esmeralda Colombiana, 466 
MONISTIER, G., Il ghiaccaio di Argentiere, 545 
Moonstone: (see Feldspar) 
MOORE, M. (see Machado, W.G., etal, Yacoot, A., etal.) 
MOORE, R.O. (see Armstrong, R.A., etal) 
MOORE, T., What's new in minerals, 270, 457(2) 
Morocco: Beni Bousera, 451 
MOROZ, I., ELIEZRI, I.Z., Mineral inclusions in emeralds 

from different sources, 357 
—, ELIEZRI, I.Z., Emerald chemistry from different 

deposits - an electron microprobe study, 457 
—, PANCZER, G., ROTH, M., Laser-induced lumines

cence of emeralds from different sources, 316 
MORTEANI, G. (see Grundmann, G., etal.) 
MOSES, T.H., REINITZ, I.M., McCLURE, S.F., Gem 

Trade Lab Notes, 188, 192, 270, 272, 332, 333; 397, 
400, 401 

—, REINITZ, I.M., JOHNSON, M.L., KING, J.M., SHIG-
LEY, J.E., A contribution to understanding the effect of 
blue fluorescence on the appearance of diamonds, 266 

Mozambique: 
—Muaine, Alto Ligonha, 209 
—tourmaline, 127 
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Mtorolite (see Chalcedony) 
MUHLMEISTER, S , FRITSCH, E., SHIGLEY, J.E., 

DEVOUARD, B., LAURS, B.M., Separating natural 
and synthetic rubies on the basis of trace-element chem
istry, 400 

MUKHERJEE, A., RAO, K.S., BANDYOPADHYAY, D., 
ROY, G., CHATTERJEE, A.K., Geothermometry and 
oxygen barometry of coexisting iron-titanium oxides of 
Majhgawan diamondiferous pipe, Mahdya Pradesh, 188 

MÜLLER, A., Cultured pearls: the first hundred years, 338 
MULLIN, J.W., Crystallization, 338 
MURTHY, D.S.N., DAYAL, A.M., NATARAJAN, R., 

BALRAM, V., GO VIL, P.K., Petrology and geochemis
try of kimberlite pipe 11 of Chigicherla area, Anantapur 
district, Andhra Pradesh, south India, 189 

Museums: 
—Art et d'Histoire, Musées royaux d', Brussels, 466 
—Deutsche Edelsteinmuseum, Idar Oberstein, 334, 399, 

Easter Egg exhibition, 464 
—Ekaterinburg, Urals, 129 
—Green Vaults, Dresden, Germany, 399 
—Moscow State Geological Prospecting Academy, 332 
—Natural History Museum, Bern, Switzerland, 397 
—Pearl, Mie, Japan, 466 
—RiedenburgKristallmuseum, Germany, 465 
—Smithsonian Institution, National Museum of Natural 

History, 271 
Musgravite, 128 
—distinction from taaffeite, 165 
—heat treated, 353. 
Myanmar: 
—diamond deposits, 188 
—jade, 454 
—Mogok, 313, 455 
—Momiek, 188 
—Mong Hsu, 455 
—Pain Pyit, East Mogok, 457 
—Theindaw, 188 
—Toungoo, 188 

Naegite (see Zircon) 
NAGASE, T., AKIZUKI, M., ONODA, M., SATO, M., 

Chrysoprase from Warrawanda, Western Australia, 270 
Names, encyclopaedia of mineral, 133 
Namibia: 
—Damara, 192, 456 
—demantoid, 191, 192, 456 
—Klein Spitzkoppe, 398 
—Neu Schwaben tourmaline, 128, 452 
—Spitzkopje, 210 
Nancarrow, P.H.A.; gift to GAGTL, 277 
NASSAU, K., Colour for science, art and technology, 338 
—, McCLURE, S.F., ELEN, S., SHIGLEY, J.E., Synthetic 

moissanite: a new diamond substitute, 272 
NATARAJAN, R. (see Murthy, D.S.N., et al.) 
Natrolite: Khuzdar, Pakistan, 308, characteristics, 311, 

chemical analysis, 311, geology, 309, mineralogy, 310, 
NAVA, M. (see McLaurin, D., etal.) 
NAVON, O. (see Schrauder, M., et al.) 
Necklaces: 134 
NEMEC, D., The Roznâ pegmatite field, western Moravia 

(Czech Republic), 545 
Neodymium penta-phosphate, 271 
Nepal: 
— rubies and fancy coloured sapphire, 127 
—tourmaline, 127 
Nepheline: 

syenite pegmatites, former Soviet Union, 116 
Nephrite: (see also Jade) 
—Alaska, 455 

—Chinese, ancient, 458 
—gold electroplated, 128 
—former Soviet Union, 123 
NEUMANOVA, P. (see HyrSl, J., et al.) 
NEWMAN, R., Gemstone buying guide, 195 
— , Pearl buying guide (3rd edn), 403 
Newton, Sir Isaac, 546 
NEWTON, I., SHAPIRO, A.E, The optical papers of Sir 

Isaac Newton. Vol. 1. The optical lectures, 1670-1672, 
546 

NICKEL, E.H., GRICE, J.D., The IMA Commission on 
New Minerals and Mineral Names: procedures and 
guidelines on mineral nomenclature, 457 

NICHOL, D., Investigation of the 'haggis rock' from the 
Scottish Borders, 534 

NICHOLS, M.C. (see Anthony, J.W., etal.) 
NIEDERMAYR, G (see also Banko, AG., et al, and 

Brandstätter, F. etal) 
—, Titanite und seine Einschlüsse, 270 
—, PEARSON, G.M., Die 'opal pineapples'von White 

Cliffs in New South Wales, 192 
Nigeria: 
—Keffi, 457 
—Ogbomosho tourmaline, 458 
Nil, Archbishop, donation to St Petersburg University, 190 
NIMIS, P., Evaluation of diamond potential from the com

position of peridotitic chromian diopside, 451 
Nomenclature, The IMA Commission, procedures and 

guidelines, 457 
NORDRUM, F. STEINAR, LARSEN, A.O., BERG-

STROM, T., LARSEN, S., Neuer spektakulärer Ame
thystfund aus Südnorwegen, 129 

Norway: 
—Froland: peristerit, 14, red corundum, 191 
—Holmstrand, amethyst, 129 
NOTARI, F., Le saphir 'padparadscha', 192 
Notaro, Tina, Diploma Trade Prize winner, 342 
Nurminen, T., obituary, 197 

Obituaries: 
—Azzopardi, Joseph, 49 
—Bridgewood, A, 340 
—Nurminen, T., 197 
—Schnieden, Professor H., 276 
—Taylor, J. B., 135 
—Wyer, P. G., 135 
Obsidian: (see Glass) 
O'DONOGHUE, M., Business review: gemstones, 270 
—, Synthetic, imitation and treated gemstones, 274 
OFFERMANN, E., Kristalle aus den Schweizer Alpen, 

466 
OKAY, A.I., Jadeite - K-feldspar rocks and jadeites from 

northwest Turkey, 192 
OLDERSHAW, C.J.E. (see Harding, RR., etal.) 
OLKIEWICZ, S. (see Gawel, A., et al.) 
Olivine: forsterite, 457 
OLMI, F. (see Biagini, R., etal.) 
Omphacite in black jade, 417 
ONODA, M. (see Nagase, T., et al.) 
Opal: 
—Australian, 'pineapples', 192; set in culet area of green 

beryl, 130 
—black cat's-eye, 401 
—Brazil, 128 
—carving factory, Thailand, 453 
—chatoyant, 127 
—discover, 132 
—fire-: former Soviet Union, 124; Oregon, USA, 331 
—new nomenclature, 271 
—opal-C and opal-CT in volcanic rocks, 332 
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—relationship with gaylussite, glauberite and ikaite, 192 
—satin-flash, 128 
—Sri Lanka, cat's-eye, 452 
—World of, 336 
Ophiolite: Bela, Pakistan, 308 
OPPIZZI, N. {see Donati, D., et al) 
OPPIZZI, P. {see Donati, D., et al) 
Optical lectures of Sir Isaac Newton, 546 
Optical properties: 
—emerald, Kunming, 128 
—peridot, 99 
—serendibite, 127 
Ou Yang, CM., gift to GAGTL, 49, 406 
OU YANG, CM. {see also Chen Zhonghui, et al.) 
—, How to make an appraisal of jadeite, 457 
—, Jadeite ABC, 467 
—. Jadeite observations, 467 
—, Jadeite selection and buying, 467 
—, Mineral component of jadeite jade, 457 
—, LI HANSHENG, Review of recent studies on black 

jadeite jade, 417 
OWERS, C, Fifty years of the Diamond Research Labora

tory, 189 
OZIMA, M., TATSUMOTO, M., Radiation-induced dia

mond crystallization: origin of carbonates and its impli
cations on meteorite nano-diamonds, 267 

Pacific East Trading Co., 453 
Pakistan: 
—Alchuri, Baltistan, 271 
—Chamachu, Baltistan, 457 
—Gilgit, 457 
—Haramosh Mountains, 191 
—Hazarganji, Khuzdar, 308 
—Khapalu, Ghanche district, Baltistan, 270 
—Sapat, 457 
—Skardu, 454 
PANJIKAR, J., RAMCHANDRAN, K.T., New chryso-

beryl deposits from India, 193 
—, RAMCHANDRAN, K.T., BALU, K., New emerald 

deposits from Southern India, 129 
PANCZER, G. {see Moroz, I., et al) 
PARTRIDGE, T.C., Of diamonds, dinosaurs and diastro-

phism: 150 million years of landscape evolution in 
southern Africa, 451 

PASCHER, G., Die Formenwelt der Japaner Zwillinge, 400 
PATTERSON, S., Royal Insignia: British and foreign 

orders of chivalry from the Royal Collection, 546 
PAULIS, P., HAAKE, R., Mineralien Fundstellen in der 

Tchechischen und Slowakischen Republik, 133 
Pearls and shell: 269, 403, 463, 546 
—blister, composite, 453 
—buying guide, 403 
—'circle pearls', 331 
—cultured: the First Hundred Years, 338; Indonesia, 269, 

333, resin as bead nuclei, 269, 271 
—dyed, 401 
—fluorescence, 20 
—freshwater, former Soviet Union, 124 
—nacre formation, 268 
—non-nacreous and nacreous, 20 
—oysters of the world, 468 
—producing areas: 22; Gulf of California, 269; South Sea, 

22; Tahiti, 268 
—science, 469 
—testing by Laboratoire Gemmologique Français, 270 
PEARSON, G.M. {see Niedermayr, G., et al) 
PEMBERTON, R. {see Linton, T., et al) 
PEREDERY, W.V. {see Masaitis, V.L., etal) 
PEREIRA, V.P. {see Pülz, GM., etal.) 

Peridot: 
—analyses, 94 
—optical properties, 94 
—USA, Black Rock, Nevada, 86 
Peristerescence: {see Iridescence) 
PERRY, N., PERRY,. R, A fossicker's guide to gemstones 

in Australia, 338 
PERRY, R. {see Perry, N., etal.) 
Peru: 
—mines and minerals, 127 
—Uchucchacua, 457 
PETERS, J. {see Linton, T., et al.) 
PETERS, N., Rough diamonds. Internal and external fea

tures, 467 
—, Rough diamonds: A practical guide, 467 
PETROV, A. (see Hyr§l, J., et al.) 
PETSCH, E.J. {see Zwaan, J.C, et al) 
PEZZOTTA, F. {see also Guastoni, A., et al) 
—, Quarz und fluorit von Selvino und Zogno, Lom

bardische Kalkalpen/Oberitalien, 457 
PFEFFER, W., Grosse Sphenkristalle aus dem Kötsch-

achtal bei Badgestein (A), 457 
Phanerite: {see Turquoise) 
Phenakite: 
—Brazil, 453 
—former Soviet Union, 118 
—synthetic {see Synthetic gemstones) 
PHILLIPS, D. {see Cartigny, P., etal) 
Phosphophyllite: Potosi, Bolivia, 44 
Piat,D., gift to GAGTL, 277 
PICKLES, C.S.J, {see Sussmann, R.S., etal.) 
PIECZKA, A., GOLEBIOWSKA, B., Chrysoberyl from 

Azklary - a new occurrence in Poland, 457 
PLATONOV, A.N., SACHANBINSKI, M., SZUSZKIE-

WICZ, A., SEDENKO, V.S., Purple-red colour of quartz 
caused by piemontite inclusions, 458 

POIROT, J.-P., Rubis et saphirs du Viêt-Nam 
—, GONTHIER, E., Le contrôle des perles à partir de 1929 

au Laboratoire Gemmologique Français (du laboratoire 
syndical au laboratoire CCIP), 270 

Poland: Azklary, 457 
POLENOV, J.A. {see Burlakov, J.V., et al.) 
—, BURLAKOV, J.V., AVDONIN, V.N., Das Geolo

gische Museum von Jekaterinburg im Ural, 129 
Polystyrene impregnation, 168, properties, 170 
POPOVICI, G. {see Prelas, MA., et al.) 
POST, J.E., The National Gem Collection, Smithsonian 

Institution, 338 
Potter, M.S., obituary, 405 
POUGH, F.H., A field guide to rocks and minerals, 339 
PRELAS, M.A., POPOVICI, G, BIGELOW, L.K., Hand

book of industrial diamonds and diamond films, 467 
PRYGOV, V.l. {see Balitsky, VS., etal.) 
PRYAKHINA, E.V. {see Putivtseva, N.V., et al.) 
'Pucalita' stromatolite, 47 
Pudner, RA., obituary, 405 
PULZ, G.M., D'EL-REY SILVA, L.J.H., BARROS 

NETO, L.S., BRUM, T.M.M., JUCHEM, PL., SAN
TOS, CA., PEREIRA, V.P., SILVA, J.J., The chemical 
signature of emerald from the Campos Verdes-Santa 
Terezinha Mining District, Goiâs, Brazil, 252 

PURCELL, K, Falize: A dynasty of jewellers, 546 
PUTIVTSEVA, N.V., PRYAKHINA, E.V., The colour of 

minerals, 332 
Pyrargyrite: Bolivia, 45 
Pyrite, iridescent, 128 
Pyroxenes: {see also Jadeite) 
—diopside: chrome, former Soviet Union, 117; colourless, 

Canada, 729; composition as indicator of diamond 
potential, 457; Pakistan, 457 
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—hedenbergite-wollastonite skarn, former Soviet Union, 
117 

—omphacite in black jade, 417 
Pyroxmangite, analysis, 544 

QI LIJIAN, YAN WEIXUAN, YANG MINGXIN, Tur
quoise from Hubei Province, China, 1 

Quality and value, 547 
QIU ZHILI, CHEN BINGHUI, ZHANG YUGUANG, 

Testing of copal resin and amber, 458 
Quartz: {see also Agate, Chalcedony) 
—amethyst: Austria, 545; Bolivia, 41, 45; Germany, 398; 

Norway, 129; former Soviet Union, 121, 129; Switzer
land, 453; Colorado, USA, 271 

—ametrine, Bolivia, 41, 45 
—blue: Madagascar, 269; Spain, 545 
—citrine: Bolivia, 41; former Soviet Union, 121 
—Herkimer, 271, 457 
—Japan-law twins, 400 
—Lombard diamonds, 453, 457 
—moganite in agate/chalcedony, 544 
—with inclusions: Bolivia, 46; Yakutia, 128 
—smoky: Austria, 545; Bolivia, 46; France, 545; Greece, 

191; Polar Urals, 127; Cavagnoli glacier, 333, Piz Giuf, 
Bündner Oberland, 332; Valle Bedretto, Ticino, Swit
zerland, 268; Colorado, USA, 271 

QUEK, P.L., TAN, T.L., Identification of polystyrene in 
impregnated jadeite, 168 

QUINN, T. {see Moncada, R., etal) 
QUINTENS, I. {see HyrSl, J., et al) 

Radiation: 
—damage in zircon, 268 
—induced colour in diamonds, 397 
—of gems, 399 
Radioactivity in gems, 399 
RAGER, H., KHIRI-BAKHSHANDEH, A., 

SCHMETZER, K, Investigation of the intracrystalline 
Cr3+ distribution in natural and synthetic alexandrites, 400 

Raman spectroscopy: {see Spectroscopy, Raman) 
RAMCHANDRAN, K.T. {see PANJIKAR, J. etal) 
RAMOS DE BRITO, A. {see Wegner, R., et al) 
RANKIN, A.H. {see Harding, R.R., et al) 
RAO, K.S. {see Mukherjee, A., et al) 
RATSCH, C. {see Schlüter, J., etal) 
READ, P.G. {see Harding, RR., etal) 
Redknap, S.F.: gift to GAGTL, 277; obituary, 405 
REIDEL, H., HOLZHEV, G., PESTEL, S., WEISS, S., 

Türkis aus Thüringen und Sachsen, 270 
REINITZ, I.M. {see Moses, T.H., etal) 
Rhodizite: Madagascar, 457 
Rhodochrosite: 
—Colorado, USA, 129 
—Peru, 457 
Rhodolite: types, 332 
Rhodonite: 
—Australia, 454 
—'Orlets', 121 
—Middle Urals, deposit mineralogy, 544 
RIBIERO-ALTHOFF, A.M. {see Giuliani, G., etal.) 
RICKARD, R.S. {see Kopylova, M.G., et al.) 
Rights, establishment and publication of, 131 
RINAUDO, C. {see Digennaro, M.A., etal) 
Ripley, Evelyn, gift to GAGTL, 49 
ROBINSON G., WIGHT, W., Colourless diopside and 

tremolite: two new 'end-member' gems from Canada. 
129 

—, WIGHT, W., Green vanadium-bearing titanite from 
Chibougamau, Quebec, Canada, 270 

ROBISON, H.R. {see Scott Smith, B.H., et al) 

Rocks and minerals, a field guide, 339 
ROHTERT, W.R. {see Laurs, B.M., etal) 
ROMERO SILVA, J.C., Blue quartz from the Antequera-

Olvera ophite, Malaga, Spain, 545 
ROSENWEIG, A. {see Gaines, R.V., etal) 
ROT and LEBENDIG, Catalogue of Mineralientage 

München 1998,465 
ROTH, M. {see Moroz, I., et al) 
ROY, G. {see Mukherjee, A., et al) 
ROY, R. {see Zhao, X.Z., et al) 
ROWE, G., Saltbush rainbow: the early days at White 

Cliffs, 403 
Ruby: 
—Australia, 193 
—Indian, vis-a-vis other sources, 453 
—Myanmar, Mogok, treatments, 455 
—Nepal, 127 
—quality and origin, 268 
—separating natural from synthetic by trace-element 

chemistry, 400 
—former Soviet Union, 111, 121, 400 
—Tajikistan, Pamir Mountains, 103, properties, 104, 106, 

chemical analyses, 108 
—trapiche, element mapping, 289 
—treated {see Treatment of gems) 
—VietNam, 129, 111 
RUDGE, J., Cartier, 1900-1939, 48 
RUSS, R.H., Historie, Geologie und Mineralogie der 

Quarz-Kristalie von Herkimer, New York, 271 
Rutile: Manhattan, 190 
RYAN, CG. {see Sobolev, N.V., etal) 
RYKART, R., Zwei Wege zur Bildung von Augenachaten, 

458 
Rythan, Linda, Preliminary Trade Prize winner, 343 

SACHANBINSKI, M. {see Platonov, A.N., etal) 
SAFAR, A., STURMAN, N., Notes from the Gem and 

Pearl Testing Laboratory, Bahrain - 6, 17 
SAMSONOV, A.V. {see Burlakov, J.V., etal) 
SANCROFT-BAKER, K., The Premier Mine, South 

Africa, 267 
SANTOS, C.A. {see Pulz, GM., etal) 
S ARMA, S. {see Fernandes, S., et al) 
Sapphire: 
—alexandrite effect, 374 
—Australia: Barrington volcano, 193; green iridescent, 

453 
—Bolivia, 46 
—Czech Republic, origin of alluvial, 456 
—China, 453 
—geuda, 313 
—Madagascar, Ilakaka, 545 
—Myanmar, 313 
—Nepal, fancy coloured, 127 
—occurrences, 333 
—'padaradscha', 192 
—'Pink geuda', 191 
—Primorye placer, USSR, 452 
—quality and origin, 268 
—Tajikistan, Pamir Mountains, pink, 103, properties, 104, 

106 
—Tanzania, orange, 128 
—'trapiche', Madagascar, 400 
—treated {see Treatment of gems) 
—Viet Nam, 129 
Sapphirine: Tanzania, largest reported, 400 
SATO, M. {see Nagase, T.,etal.) 
Saudi Arabia: 
—Hadiyah, 191, 
—Riyadh, 191 
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SAUER, J.R., Emeralds round the world, 403 
Saxony: (see Germany) 
SBRIGNADELLO, G. (see Carbonin, S., et al.) 
Scapolite: 
—Antarctica, 400 
—chatoyant, 332 
—former Soviet Union, 122 
SCARISBRICK, D. (see Hurel, R., etal) 
SCARRATT, K. (see Blair, C, etal.) 
Scheelite: Austria, 545 
SCHELLHORN, S., Bitterfelder Bernstein: der Schatz aus 

der'Goitsche',277 
SCHINDLER, F., Smaragde, das 'Grüner Feuer' aus 

Kolumbien, 458 
SCHLÜTER, J., RATSCH, C, Perlen and Perlmutter, 546 
SCHLÜTER, T., Geology of East Africa, 468 
SCHMETZER, K. (see also Kiefert, L., etal; Rager, H., et 

al.) 
—, Aus farblos wird Blau: synthetische Saphire und ihre 

Diffusions-behandlung, 458 
—, Behandlung natürlicher Diamanten zur Reduzierung 

der Gelb-oder Braunsättigung, 543 
—, Rote, rosafarbene und zweifarbige Turmaline aus 

einem neuen Vorkommen in Nigeria, 458 
—, Rubine und verschiedenfarbige Saphire aus Ilakaka, 

Madagascar, 545 
—, BERNHARDT, H.-J., MEDENBACH, O., Heat-

treated Be-Mg-Al oxide (originally musgravite or taaf-
feite), 353 

—, KIEFERT, L., The colour of Igmerald: I.G. Farbenin
dustrie flux-grown synthetic emerald, 145 

—, KIEFERT, L., BERNHARDT, H.-J., Multicomponent 
inclusions in Nacken synthetic emeralds, 487 

—, KIEFERT, L., BERNHARDT, H.-J., BEILI, Z., Char
acterization of Chinese hydrothermal synthetic emerald, 
272 

—, ZHANG BEILI, GAO YAN, BERNHARDT, H.-J., 
HÄNNI, H.A., Element mapping of trapiche rubies, 289 

Schnieden, Professor H., obituary, 276 
SCHRAUDER, M., KOEBERL, C, NA VON, 0., Trace 

dement analyses of fluid-bearing diamonds from Jwan-
neng, Botswana, 189 

SCHREYER, W. (see Daniels, P., et al.) 
SCHUBIGER, B. (see Hänni, H.A., et al.) 
SCHUMANN, W., Gemstones of the world, 468 
SCHWARZ, D. (see Sutherland, F.L., etal) 
Scotland: Craigburn quarry, Leadburn, 535 
SCOTT SMITH, B.H., LETENDRE, J.P., ROBISON, 

H.R., Geology of the Sturgeon Lake 01 kimberlite block, 
Saskatchewan, 189 

SCOVIL, J., LEES, B., Die Tucson Show 1998, 271 
Seager, P., gift to GAGTL, 406 
SEDENKO, V.S. (see Platonov, A.N., etal.) 
Serendibite: 127 
Serpentine: 
—Korean, 156, chemical analyses, 160, 161, gemmologi-

cal properties, 158, 
SEVDERMISH, M., MICIAK, AR., LEVINSON, A.A., 

The rise to prominence of the modern diamond cutting 
industry in India, 330 

—, MICIAK, A.R., LEVINSON, A.A., The Indian dia
mond-cutting industry: an assessment of the number of 
cutters and the size distribution of their production, 439 

SHAPIRO, A.E. (see Newton, Sir I., etal.) 
SHATSKY, V.S. (see Zhang, R., et al.) 
Shell: (see Pearls and shell) 
SHEN, Z.X. (see Tay, T.S., etal.) 
SHIDA, J., Science in the micro-cosmos: gemstones, 547 
SHI GUOHUA, FTIR features of Guilin hydrothermally-

grown synthetic emerald and its significance, 461 

SHIGLEY, J.E. (see Balitsky, V.S., et al, Liu, Y., et al, 
Moses, T.H., et al, Muhlmeister, S., et al, and Nassau, 
Y.., et al) 

SHIRAI, S., Pearls and pearl oysters of the world, 468 
Shows: (see Conferences) 
Shuiskite: former Soviet Union, 121 
SIALM-BOSSARD, V., Grosser Rauchquarzfund am Piz 

Giuf, Bündner Oberland, 332 
Signet Group, London, gift to GAGTL, 549 
Sikh art, 547 
SILVA, J.J. (see Pulz, G.M., et al) 
SIMONET, C., La géologie des gisements de saphirs, 333 
Simulants and simulated gemstones: (see also Synthetic 

gemstones), 274 
—amber, 453 
—agate, 333 
—diamond imitations: 192; moissanite (see also under 

Synthetic gemstones), 272, 333; distinguishing from dia
mond, 436 

—dolomite simulating pearl, 401 
—emerald, Zambian, 194 
—falsification of minerals, 460 
—jet, 453 
—obsidian, glass imitation, 401 
—pearls, 190; dolomite simulating pearl, 401 
—perovskite, yttrium aluminium, 130 
—quartz simulating sugilite, 401 
—sugilite, quartz simulating, 401 
—tanzanite, 130 
—tugtupite, 193 
Singel Diamonds, Amsterdam, 397 
SIRAKIAN, D., Diamants: la synthèse a une histoire, 131 
SKINNER, H.C.W, (see Gaines, R.V., etal) 
Slovakian Republic: 
—Kunov, 544 
—mineral locations, 133 
—Podbranc, 544 
—SobotiSte, 544 
Sluis,J.,gifttoGAGTL, 197 
SMALL WOOD, A., A new era for opal nomenclature, 271 
SMIRNOV, S.Z. (see Thomas, V.G., etal) 
SMITH, C.P., Rubies and pink sapphires from the Pamir 

Mountain Range in Tajikistan, former USSR, 103 
Smith, Jean, gift to GAGTL, 341 
SNEE, L.W. (see Laurs, B.M., et al) 
SNYDER, G.A., TAYLOR, LA., CROZAZ, G., HALLI-

DAY, A.N., BEARD, B.L., SOBOLEV, V.N., SNY-
MAN, J.E.W., Specious or precious, 401 

SOBCZAK, N. (see Sobczak, T., etal.) 
SOBCZAK, T., SOBCZAK, N., Tugtupit-kamien ozdobny 

konca XX wieku, 193 
SOBOLEV, N.V. (see also Snyder, G.A., et al) 
—, The origins of Yakutian eclogite xenoliths, 189 
—, KAMINSKY, F.V., GRIFFIN, W.L., YEFIMOVA, 

E.S., WIN, T.T., RYAN, CG, BOTKUNOV, A.I., Min
eral inclusions in diamonds from the Sputnik kimberlite 
pipe, Yakutia, 267 

SOBOLEV, V.N. (see Snyder, G.A., etal., and Zhang, R., 
etal) 

Sodalite: Cerro Sapo, Cochabamba, Bolivia, 41, 46 
Sogdianite, 193 
Sotheby's, A brilliant history: jewels at Sotheby's, 133 
SOUBRA, S., Les jades de la Chine ancienne, 458 
South Africa: 
—Kuruman District, 191 
—Limpopo mobile belt, 188 
—Pretoria, Premier Mine, 267 
—Rustenberg, 454 
Southern Africa, tectonic and geomorphological evolution, 

451 
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Spain: Antequera, Malaga, 545 
Spectroscopy, cathodoluminescence (CL): 
—diamond type determination, 266 
—moganite in agate/chalcedony, 544 
Spectroscopy, EPR: topaz, 36 
Spectroscopy, ESR: beryl, 242, 243, 244 
Spectroscopy, FTIR: 
—B jade, 302 
—obsidian, 401 
Spectroscopy, infrared: 
—Chrysoprase, 268, 454 
—emerald, 259, 260 
—filler substances in emerald, 501, 505, 506 
—jadeite: 168, 304, 305; B-, 454; polystyrene impregna

tion, 168, 170 
—serpentine, 162 
—turquoise, 9 
—zircon, 454 
Spectroscopy, optical absorption: 
—amazonite, application to colour, 455 
—beryl: 246, 247, 248; synthetic red, 483 
—corundum, 78, 80,81,82 
—euclase, 215 
—peridot, 94 
—rhodolite, 332 
Spectroscopy, photoelectron: 
—jadeite, 172 
—polystyrene, 172 
Spectroscopy, Raman: 
—actinolite, 177 
—amber and imitations, identification, 400 
—apatite, 180 
—carbonates, 181 
—cummingtonite, 177 
—dolomite, 181 
—Dorothy Monstrance, Basel Cathedral, 399 
—emerald, filler substances in, 501, 504, 507, 508, 509, 

513,517,518 
—emerald inclusions: 174, 175; synthetic, multicompo-

nent, 487, 493 
—feldspar, 179 
—garnets, 459 
—ivory, 193 
—johachidolite, 327 
—kyanite in diamond, 222, 224 
—moganite in agate/chalcedony, 544 
—musgravite, 165 
—probe, remote sensing, 193 
—pyrope, 332 
—Reliquary Cross, Basel Cathedral, 399 
—taaffeite, 165 
—tourmaline, 191 
Spectroscopy, UV: 
—Cr-chalcedony, 368 
—fissures in emerald, 511 
—peridot, 95 
Spessartine: (see Garnet) 
Spinel: 
—asterism, 24 
—magnetite-ilmenite geothermometry, 188 
—red, Myanmar, 457 
—Viet Nam, 331 
SPIRIDONOV, E.M., Gemstone deposits of the former 

Soviet Union, 111 
SPISIAK, J. (see Hovorka, D., et al.) 
Sri Lanka: 
—asterism in gems, 24 
—garnet, pyrope-spessartine, 399 
—Geological Survey and Mines Bureau, 337 
—opal cat's-eye, 453 

STACHEL, T., HARRIS, J.W., Syngenetic inclusions in 
diamond from the Birim field (Ghana) - a deep peridot-
itic profile with a history of depletion and re-enrichment, 
267 

—, HARRIS, J.W., Diamond precipitation and mantle 
metasomatism - evidence from the trace element chem
istry of silicate inclusions in diamonds from Akwatia, 
Ghana, 451 

—, HARRIS, J.W., BREY, G.P., Rare and unusual mineral 
inclusions in diamonds from Mwadui, Tanzania, 452 

STAHL, K., (see Estafinos, B., et al.) 
STALDER, H.A., WAGNER, A., GRAESER, S., 

STUKER, P., Mineralienlexikon der Schweiz, 468 
Standards and applications for diamond report, gemstone 

report, test report, 469 
STARKE, B.R. (see Frazier, S., etal.) 
STASIUK, L. (see Leckie, D.A., etal.) 
STEEN, H. (see Marki, G., et al.) 
STEGER, G., Lavra da Sapo-derzeit fündigate Turmalin-

Mine in Minas Gerais, Brasilien, 458 
STEINER, G., Diamanten aus China, 267 
Stichtite, 193 
STOCKLMAYER, S., Blue euclase from Zimbabwe - a 

review, 209 
—, Letter to the editor, Cr-chalcedony, 556 
Stoeltie Diamonds, Amsterdam, 397 
Strack, Elisabeth, gift to GAGTL, 277 
STRACK, E., Antiker Schmuck vom Klassizismus bis zur 

Moderne, 339 
Stromatolite, Bolivia, 41, 47 
STRONG, S., The arts of the Sikh kingdoms, 547 
STUKER, P. (see Stalder, H.A., etal.) 
STURMAN, N. (See Safar, A., et al) 
Sturmanite, 270 
Suchak, Prashant R., gift to GAGTL, 49 
Sugilite, 193 
SULTMAN, S. (see Linton, T., etal.) 
SUN-HEE CHO (see Won-Sa Kim, et al.) 
SUNAGAWA, I. (see also Takahashi, Y., etal.) 
—, Imperfections and inhomogeneities in single crystals as 

a basis to distinguish natural from synthetic gemstones, 
333 

—, AOI URANO, Beryl crystals form pegmatites: mor
phology and mechanism of crystal growth, 521 

SUSSMANN, R.S., BRANDON, J.R., COE, SE., PICK
LES, C.S.J., SWEENEY, CG., WASENCZUK, A., 
WORT, C.J.H., DODGE, C.N., CVD diamond: a new 
engineering material for thermal, dielectric and optical 
applications, 398 

SUTHERLAND, F.L. (see also Webb, G., et al.) 
—, SCHWARZ, D., JOBBINS, E.A., COENRAADS, 

R.R., WEBB, G., Distinctive gem corundum suites from 
discrete basalt fields: a comparative study of Barrington, 
Australia, and West Pailin, Cambodia, gemfields, 65 

Suwa, Yasukazu, gift to GAGTL, 341 
SUWA, Y., Gemstones: quality and value (2nd edn), 547 
Sweden: minerals, 134 
SWEENEY, B. (see Linton, T., et al.) 
SWEENEY, CG. (see Sussmann, R.S., et al.) 
Swiss Gemmological Institute, 399, 469 
Switzer, G., 325 
Switzerland: 
—Basel Cathedral objects, 399 
—Bedretto valley, Ticino, 268 
—Bern, Natural History Museum, 397 
—Bieligertal, Valais, 453 
—Canot Graubünden, Lukmanier, 453 
—Cavagnoli glacier, Ticino, 333 
—Jura, minerals, 398 
—mineral lexicon, 468 
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—Mont Blanc mineralization, 127 
—Mont Chemin, Valais, 459 
—Piz Giuf, Bündner Oberland, 332 
—Piz Vallatscha, Lukmanier, 453 
—Saas-Fee, Valais, 459 
—Swiss Alps minerals, 466 
—Val Crystallina, 453 
Symposia {see Conferences) 
Synthetic gemstones: {see also Simulants and simulated 

gemstones.), 274 
—alexandrite: colour change, 374; druses from Russia, 

447; intracrystalline Cr3+distribution, 400 
—amethyst, FTIR identification, 333 
—ametrine, 333 
—beryl: {see also Emerald below) ANIC, properties, 482; 

Biron, properties, 482; Novosibirsk, properties; 482; 
new Russian, red, 481, absorption spectra, 483, chemical 
analyses, 484, gemmological properties, 482, 483, 
microscopic features, 484 

—chrysoberyl, zoning in green, 194 
—corundum: {see also Ruby and Sapphire below) hydro-

thermal growth, 461; melting, conventional and two-
phase molecular dynamic stimulation, 460 

—diamond: chemical vapour deposition, 130; hydrother
mal growth, 194; monocrystal, 130; properties, 130; his
tory of, 131, 450; red, 455; two-stage method, 131 

—emerald: {see also Beryl above) cat's-eye, 194; Chinese, 
characterization, 272, Guilin, 461; Chatham, 487, 495; 
colour study, 456; distinguishing from natural, review, 
401; flux grown, chemical analysis, 130, data, 148, gem
mological properties, 148, chemical and spectrographic 
properties, 150; flux-grown Nacken, 487; hydrothermal, 
'Biron', an 398, 401; Igmerald, colour of 145; 'Pool', 
398; thin film, 194 

—GGG, new colours, 194 
—Gilson opal set in resin, 130 
—moissanite: 272, 333; 425, background to, 426, gemmo

logical characteristics, 433, polytypes, 428, 430, single 
crystal growth, 429, structure and preparation, 429, 431; 
distinguishing from diamond, 435, 455 

—neodymium penta-phosphate, 271 
—opal: ?Australian, 398; Kyocera, Japan, 461; Gilson set 

in resin, 130 
—phenakite: 131; druses from Russia, 447 
—'pseudosinhalite', a new synthetic gem, 460 
—quartz: bicoloured, 398; 'Flamingo', pink, 333; 

'Herkimer' type, 194; phantom, 194 
—ruby: {see also Corundum above) hydrothermal, Guilin 

characteristics, 461; quench cracked, 194; separating 
natural from synthetic by trace-element chemistry, 400; 
review, 401 

—sapphire: {see also Corundum above) alexandrite effect, 
374; hydrothermal, doped with Ni and Cr, 194; sunglass 
lenses, 272; yellow, detection technique, 193 

—spinel: alexandrite effect, 374; red, dendritic inclusions 
in, 194 

—tanzanite, 130 
—topaz, Co-diffused, identification, 455 
—zincite, 398 
SZENICS, T. {see Crowley, J.A., et al) 
SZUSZKIEWICZ, A. {see Platonov, A.N., et al) 

TABURIAUX, J. {see Caseiro, J., et al) 
Taaffeite: 
—distinction from musgravite, 165,190 
—heat-treatment, 353 
Tachibana, Yurika, Diploma Trade Prize winner 1999, 550 
TAKAGI, T., HOSHI, T., A new phase of natural feldspar, 

Anx0r10().x, x * 50, 458 

TAGGART, JE. {see Foord, E.E., etal) 
Tagua nut, 453 
Tajikistan {see USSR) 
TAKAHASHI, Y., SUNAGAWA, I., Tourmaline: mor

phological and compositional variations during the 
growth history of uvite single crystals, 226 

TAN, T.L. {see Quek, P.L., etal.) 
Tanzania: 
—Kasulu, cat's-eye opal, 400 
—Lukangasi, Morogoro, 209 
—Mwadui, 452 
—orange sapphire, peridot, grossular, spinels, 128 
—Tunduru-Songea gem field, 269, 452, sapphirine, 400 
—Umba Valley, 386 
Tanzanite: synthetic, 130 
TATSUMOTO, M. {see Ozima, M., etal) 
TAUPITZ, K.C. {see Milisenda, C.C., etal) 
TAY, T.S., SHEN, Z.X., YEE, S.L., On the identification 

of amber and its imitations using Raman spectroscopy -
preliminary results, 400 

Taylor, J.B., obituary, 135 
TAYLOR, L.A. {see Snyder, G.A., etal) 
TAYLOR, W.R. {see also Kopylova, M.G., et al.) 
—, CANIL, D., MILLEDGE, H.J., Kinetics of lb to IaA 

nitrogen aggregation in diamond, 190 
Teaching gemmology, 332 
Techniques: 
—alexandrite effect colour measurement, 371, 389 
—Brewster-angle identification, 539 
—diamond polishing, 131 
—diamond tooling in jewellery manufacture, 450 
—distinguishing natural from synthetic single crystals, by 

inhomogeneities, 333 
—element mapping, 293 
—filler identification in emerald, 501 
—FTIR identification of B jade, 302 
—Gemmologists' compendium, 275 
—geophysics in gemstone exploration, 131 
—Hodgkinson method, 272, 435, 455, clarifying the 

record, 401 
—identifying gemstones, 273, 274; by Brewster-angle, 

541. 
—Moghul lapidary, 131 
—proton beam irradiation, 330 
—testing gemstones, 469 
—visual optics, 272, 401 
Tektite: Mount Darwin, Tasmania, characteristics, 269 
Tephroite, analysis, 544 
TESCARI, O.V. {see Boscardin, M., etal) 
Thailand, Khao Yai, 453 
THOMAS, A., Composite gems, 400 
THOMAS, V.G., MASHKOVTSEV, R.I., SMIRNOV, 

S.Z., MALTSEV, V.S., Tairus hydrothermal synthetic 
sapphires doped with nickel and chromium, 194 

Thomson (Gems) Ltd, gifts to GAGTL, 197, 277, 406 
THONFELD, U. {see Beck, W„ et al) 
Thurlby, P., gift to GAGTL, 341 
TILLANDER, H., Further aspects of the history of rose-cut 

diamonds, 219 
Titanite: 
—Austria, 457 
—fluid inclusions, 270 
—France, 545 
—green, V-bearing, Quebec, 270 
—former Soviet Union, 121 
TOMALIN, S., The bead jewellery book, 134 
TOMCZYK, L. {see Erichson, U., etal) 
Topaz: 
—Antarctica, 400 
—blue-green, 332 
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—Bolivia, 47 
—coated, 401 
—extraLapis 13,275 
—Mexico, San Luis Potosi, 29, crystal habit, 34, chemical 

characteristics, 35 
—mineralogy, geology and occurrence, 456 
—Namibia, Klein Spitzkoppe, 398 
—pink, Utah, USA, 453 
—Soviet Union, 111,119,729 
—Sri Lankan, 400 
Touring the diamond factories of Amsterdam, 397 
Tourmaline: 
—alexandrite effect in, 386 
—Bolivia, 47 
—Brazil, 727, 458 
—California, 127 
—Canada, 193 
—elbaite, low-Mn, Czech Republic, 545 
—foitite, Elba, 268 
—Madagascar, 127 
—Mozambique, 127 
—multicoloured, 191 
—Namibia, 128, 331, 452 
—Nepal, 127 
—Nigeria, 457, 458 
—Pakistan, 127 
—Raman spectroscopy, 191 
—Soviet Union, 111, verdelite, 115, 116, rubellite, 116, 

indicolite, 116, siberite, 116 
—USA, Manhattan, 190 
—Usambara effect, 386 
—Uvite, morphological and compositional variations, 226, 

chemistry, 232, internal textures, 231, surface micro-
topography, 228 

—Zambia, 191 
Towers, Mrs J.M.H., bequest to GAGTL, 50 
Transvaal jade (see Garnet) 
Treatment of Gems: 274 
—amber, surface enhancement of, 17 
—composite gems, 400 
—diamonds, coating: 397; He, Ar and C isotopes, 543 
—diamonds, colour treatment of: a new type, 450; reduc

ing brown and yellow tones, 543; by proton beam irradi
ation, 330 

—electroplated nephrite, 128 
—fillers, identification of substances, 501, 502, 509, 

instrumentation, 510 
—filling: amber, 18; diamond, 188; emerald, 503; Mogok 

rubies, 455 
—fissure treatment, 503 
—Gilson opal set in glass, 130 
—heat: purple quartz, 192; musgravite, 353; rubies, sur

face features, 333; sapphire, 127, 332, sapphire, milky, 
313; taaffeite, 353 

—improved resin, for emeralds, 128 
—jade, summary of, 457 
—pearls, dyed, 401 
—polymer impregnated jade, features, 192 
—jadeite, polystyrene in impregnated, 168 
—radiation: 399; induced colour, diamond, 397; damage to 

zircon, 268 
—ruby, heat-treated, surface features, 333; 
—sapphire, colour changing by diffusion, 458 
—sapphire, heat-treated: 127, 332, sapphire, milky, 313; 
—topaz, coated, 401 
Tremolite: (see Amphibole) 
TRIOSSI, A., MASCETTI, D., The necklace from antiq

uity to the present, 134 
TROSSARELLI, C. (see Digennaro, M.A., etal.) 
Tsang, R., Bruton medallist, 53 

Tugtupite, review, 193 
Tuovinen, P., photographic competition second prize win

ner, 196 
Turkey: 
—Bektablar, 192 
—jade, 190, 192 
TURNER, G. (see Burgess, R., et al) 
Turquoise: 
—aheylite, 331 
—coeruleolactite, 331 
—China, Hubei, 1, geochemistry, 4, paragenesis, 10 
—former Soviet Union, 124 
—general account, 547 
—Germany, Saxony and Thuringia, 270 
—phanerite, redefined, 331 
—re-examination of group, 331 
TYNL, M., Diamond prospecting in Finland - a review, 330 

U HLA KYI, BUCHHOLZ, P., WOLF, D., Heat treatment 
of milky sapphires from the Mogok stone tract, Myan
mar, 313 

Ultraviolet (see Spectroscopy, UV) 
UMEDA, I., IIDA, K., Examination of colouring in dia

monds by proton beam irradiation, 330 
URANO, AOI (see Sunagawa, I, etal.) 
URIBE ALARCÖN, M.V., Limpiar la tierra: guerra y 

poder entre esmeraldos, 469 
USA: 
—Alaska: Baird Mountains, 455; Kobuk, 455; Pacific 

Coast diamonds, 188 
—Arizona: andradite, 128; pyrope, 332 
—California: 398; New Idria District, San Benito County, 

192, 457; Vickville nephrite, 128; tourmaline, 127; dia
monds, 188 

—Colorado: Lake George, 456; Tree Root Pocket, Pikes 
Peak, 277(2); Sweet Home mine, 729 

—Georgia: Graves Mountain, 277 
—Nevada, Carlin, Elko County, 457; Black Rock, Nye 

County, 86 
—New Hampshire: Westmorland, 270 
—New Jersey: Franklin, 335, Sterling Hill, 335 
—New Mexico: Fierro, 457; Kilbourne Hole, Dona Ana 

County, 86 
—New York: Albany, 277, Manhattan Island, 790 
—Oregon: Opal Butte, 331; Pacific Coast diamonds, 188 
—Utah: Juab County pink topaz, 453; Milford, white opal, 
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—Washington, Pacific Coast diamonds, 188 
USSR: 
—Caucasus, 458 
—Dalnegorsk, 399 
—Lake Baikal, jet, 128 
—Former Soviet Union, 111 
—Kazakhstan, Kokchetav Massif, 267 
—Nizhniy Tagil, 797 
—Novosibirsk, synthetic alexandrite, 130, 447; synthetic 

phenakite, 447 
—Primorye placer gems, 452 
—R. Volga iridescent pyrite, 725 
—St Petersburg University, 190 
—Siberia, Polar Urals, 400 
—Tajikistan, Pamir Mountains, 103 
—Urals: Borodulinskoye, 544; Ekaterinburg Geological 

Museum, 129; Karayanova, 451; Kurganovskoye, 544; 
Maksyutov Complex, 451; Malosedelnikovskoye, 544; 
Mursinska, 729; Pridorozhnoje, 727; Puiva, 727; 
Sokowaja-Malyshevo, 727 

—Yakutia: Mir, 759, Obnazhennaya, 189, Sputnik kimber-
lite pipe, 267, Udachnaya, 759 

Uvite (see Tourmaline) 
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VAN BOUWELEN, F.M., BROWN, L.M., FIELD, JE., A 
new view on the mechanism of diamond polishing, 131 

Van der Giessen, Wilma, gift to GAGTL, 341 
Van Rose, S., gift to GAGTL, 472 
[Various authors], What's new in minerals, 271(2) 
Variscite: associated with turquoise, 11 
Vegetable ivory: 
—identification, 399 
—Kukui nuts, 190 
—tagua nut, 453 
VEIGEL, B., Les épidotes du Mont-Chemin (VS), 459 
VERHOEVEN, P. (see Caseiro, J., et al.) 
Vesuvianite: Switzerland, 459 
Vietnam: 
—ruby and sapphire, 129 
—spinel, 331 
—Thuong Xian, Hoa District, aquamarine, 271 
VISHNEVSKY, L.I. ( see Indutny, V. V., et al.) 
Vivianite, Bolivia, 47 
Von Bingen, Hildegard, 454 
Vuillet,P.,gifttoGAGTL,341 

WADA, N., MATSUDA, J.I., A noble gas study of cubic 
diamonds from Zaire: constraints on their mantle source, 
543 

WAGNER, A. (see Stalder, H.A., etal.) 
WAKATSUKI, M. (see Wei Li, et al.) 
WANG, W., Formation of diamond with mineral inclu

sions of 'mixed'eclogite and peridotite paragenesis, 544 
Ward, J.M., gift to GAGTL, 197 
Wartski, Falize: a dynasty of jewellers, 464 
WASENCZUK, A. (see Sussmann, R.S., etal.) 
WEBB, G. (see also Sutherland, F.L., etal.) 
—, Gemmological features of rubies and sapphires from 

the Barrington volcano, Eastern Australia, 193 
WEBB, G., SUTHERLAND, F.L., Gemstones of New 

England, 459 
WEBER, W. (see Kiefert, L., et al.) 
WEBSTER, R., Gemmologists' compendium (7th edn), 

275 
WEGNER, R., RAMOS DE BRITO, A., KARFUNKEL, 

J., HENN, U., LIND, TH., Granate aus der Umgebung 
von Sao Valeria, Tocantins, Brasilien, 400 

Weight estimation, Complete handbook, 463 
WEI LI, KAGI, H., WAKATSUKI, M., A two stage 

method for growing large single crystals of diamond 
with high quality, 131 

WEISS, S., Synthetisch 'Phantomquarze', 'Herkimer' und 
bestrahlte 'Rauchquarz', 194 

—, Tessiner Rauchquarze: die grössten Kristalle vom Cav-
agnoli-Gletscher, 333 

WELTI, P., Faszination Vesuvian, 459 
Wenceslas, St., crown, 455 
WENTZELL, C.Y. (see Johnson, M.L., et al.) 
WENZEL, M. (see Götze, J., et al.) 
WESTPHAL, T. (see Massone, H.-J., etal.) 
What's new in minerals, 270, 457(2) 
WHITE, M.S., Cat's-eye black opal, 401 
WIGHT, W. (see Robinson, G., etal.) 
Wijayananda, N.P., gift to GAGTL, 472 
WILD, M. (see Frazier, S., etal.) 
WILKE, H.-J., Die Mineralien und Fundstellen von 

Schweden, 134 
Willis, 'Lena', obituary, 404 
WILSON, B.S., Canadian tourmaline: a new discovery, 

193 
—, Gemstone occurrences in British Columbia, 193 
WIN, T.T. (see Hlaing, U.T., etal, Sobolev, N.V., etal.) 
WINTER, E.M., GABLER, J., Neue Entwicklungen der 

CVD-Diamantsynthese für den Schmucksektor, 460 

WOLF, D. (see U Hla Kyi, et al.) 
WON-SA KIM, SUN-HEE CHO, A study of Korean pre

cious Serpentine, 156 
Wood, R., gift to GAGTL, 341 
Wood-tin (see Cassiterite) 
WORT, C.J.H. (see Sussmann, RS., etal.) 
WU RUIHUA, LI WENWEN, AO YAN, Research on tex

ture and structure type of Hetian jade in Xingjiang, 459 
WU SHUN TIAN (see Chen Zhonghui, et al.) 
Wyer, P. G., obituary, 135 

XIA FENGRONG (see Zou Tianren, et al.) 
XIE YUKAN, Pearl science, 469 
X-ray diffraction: 
—Chrysoprase, 268, 454 
—emerald, 255 
—kimberlite, Canada, 451(2) 
—moganite in agate/chalcedony, 544 
—precious serpentine, 158, 163 
X-ray fluorescence analysis: 
—trapiche ruby, 389 

YACOOT, A. (see also Machado, W.G., et al.) 
—,' MOORE, M., MACHADO, W.G., Twinning in natural 

diamond. I. Contact twins, 544 
YAN WEI XUAN (see Chen Zhonghui, et al.) 
YA NEVEROV, O., Gems from the collection of Princess 

Dashkov, 270 
Yan Wei, Preliminary Trade Prize winner 1999, 550 
Yan Weixuan, gift to GAGTL, 406 
YAN WEIXUAN (see Qi Lijian, et al) 
YANG MINGXIN (see Qi Lijian, et al) 
YEE, S.L. (see Tay, T.S., etal.) 
YEFIMOVA, E.S. (see Sobolev, N.V., etal.) 
Yoshitake, Yumi, gift to GAGTL, 341 
Yugoslavia: Roman cameos, 126 
YU, S.-C. (see Lee, J.S., etal.) 
—, LEE, J.-S., Two synthetic phenakites and their struc

ture analysis, 131 
YUAN XINGQIANG, KUANG YONGHONG, DI JIN-

GRU, Identified characteristics of Guilin hydrother-
mally-grown synthetic ruby, 461 

YU XIAOJIN (see Zou Tianren, et al.) 

ZABINSKI, W. (see Gawel, A., etal.) 
ZÂCEK, V. (see Hyrsï, J., et al) 
Zaire: diamond, 543 
Zambia: 
—Kafubu, Ndola district, 456 
—Kulungabeda, Lundazi, 191 
ZENZ, J., Die wundervollen Achate von Ojo Laguna, Chi

huahua, Mexico, 545 
ZHANG BEILI (see Gao Yan, et al.; Schmetzer, K, et al.) 
ZHANG, R., LIOU, J.G., COLEMAN, R.G., SOBOLEV, 

N.V., SHATSKY, V.S., Metamorphic evolution of dia
mond-bearing and associated rocks from the Kokchetav 
Massif, northern Kazakhstan, 267 

ZHANG YUGUANG (see Qiu Zhili, et al.) 
ZHAO, X.Z., ROY, R., CHERIAN, K.A., BADZIAN, A., 

Hydrothermal growth of diamond in metal-C-H20 sys
tems, 194 

ZHENG YONG ZHEN, Gem jade, 469 
—, Jadeite identification pictorial book, 469 
Zhou, L., gift to GAGTL, 406 
Zimbabwe: 
—Mtoroshanga, 43, 364 
—Mwame, Hurungwe district, 209 
—River Ranch, 266, 450 
—Sandawana mine, Mberengwa district, 129, 174 
Zincite: manufactured (see Synthetic gemstones) 
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Zircon: 
—cloudiness in, 454 
—hyacinth, in Primorye placers, 452 
—hydro-, Roznâ, Czech Republic, 545 
—naegite, analysis, 452 
—opal-like colour play, 127 
—radiation damage in, 268 
ZOU TIANREN, YU XIAOJIN, XIA FENGRONG, 

CHEN WEISHI, Study on clinopyroxene minerals in 
Jadeite jade, 459 

ZUSSMAN, J. (see Deer, W.A., et al.) 
ZWAAN, J.C., BURKE, E.A.J., Emeralds from Sanda-

wana, Zimbabwe: the use of Raman microspectroscopy 
in identification of their solid inclusions. 174 

—, KANIS, J., PETSCH, E.J., Update on emeralds from 
the Sandawana Mines, Zimbabwe. 129 

ZWAAN, P.C., Cultured pearls from Indonesia, 333 

The Gemmological Association 
and Gem Testing Laboratory of Great Britain 

The Association for everyone with an 
interest in gemstones 

• Events and publications • 
Conferences, lectures, visits and tours 

The Journal of Gemmology and Gem & Jewellery News 
Annual Photographic Competition 

Calendar 

• Gem Education • 
Gemmology and Diamond Diploma courses 

Short courses and workshops 
Private tutorials 

• Laboratory Services • 
Diamond certification 

Gem and pearl identification 

• Gemmological Instruments Ltd. • 
Gem testing equipment 

Books on gems and jewellery 
Gem and mineral specimens 

GAGTL, 27 Greville Street (Saffron Hill entrance), London ECIN 8TN 
Tel: 020 7404 3334 e-mail: gagtl@btinternet.com 
Fax: 020 7404 8843 website: www.gagtl.ac.uk/gagtl 
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