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An unusual assembled inclusion specimen
Robert C. Kammerling and John I. Koivula

Gemological Institute of America, Santa Monica, California 90404, USA

Fig. L.

Abstract
This article reports on an assembled stone consisting
of glass and dendritic agate components.

Introduction

Inclusions are an important feature in gemstones
for a number of reasons. For the diamond grader,
the presence of a minute inclusion, just visible with
10x magnification, can set the clarity grade and
greatly affect the stone’s value. Although ofien less
closely scrutinized from an evaluation standpoint,
‘eye-visible” inclusions can also have a significant
effect on the value of 2 coloured stone (in this
regard, ‘blemishes’ on pearls are also an important
consideration).

© Copyright the Gemmological Association

This assembled agate specimen weighs 61.3% carats and measures 39.00 = 30,45 % 6,42mm. Photograph by Robert Weldon,
Gemological Institute of America.

Additionally, features detected under magnifica-
tion are of concern in gem identification. With the
proliferation of new synthetics and the growing
availability of so-called ‘sophisticated’ man-made
gems, inclusions are usually the most reliable —
sometimes the only — means of determining the
nature of a gem. No longer is it just a question of
natural vs. Verneuil synthetic ruby. Today we face
the possibility of having to identify flux synthetic
rubies; flux blue, pink and orange sapphires;
synthetic opal in a variety of body colours and
patterns to their play-ef-colour; synthetic alexan-
drite and even cat’s-eve alexandrite; and the list goes
on. Furthermore, even when we do determine, for
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example, that a ruby is natural, we may then have o
determine whether or not it has been heat-treated to
modify colour and/or clarity, or had surface cavities
filled with a glass to improve appearance and add
weight.

Inclusions (and related structural features) are
also important in that they are responsible for some
of the most intriguing gems, those which display
optical phenomena. Were it not for fine, parallel
acicular crystal inclusions in chrysoberyl, there
would be no cat’s-eye stones; but for intersecting,
oriented rutile ‘needles’ there would be no star
rubies and star sapphires. There would be no
sunstone or aventurine feldspars had not minute
hematite or copper crystals precipitated out in these
gem materials,

Altered inclusion specimens

Qccasionally we also come across gem materials
that have been treated with the apparent purpose of
fabricating or altering inclusions. Two such fabri-
cated specimens the authors have examined were
colourless quartz crystals with man-made ‘three-
phase” inclusions. Thin, tubular columns had been
drilled in from their bases and had been partially
filled with a liquid. The final touch - ‘phase three’ -
was a minute faceted gem; in one specimen this
‘solid phase’ was a blue gem, in the other, a bright
red stone. Each stone had its base sealed with what
appeared to be a mixwure of epoxy resin and quartz
fragments (Koivula and Kammerling, 1989).

In 1986 the authors first saw faceted colourless as
well as blue topaz containing brownish yellow
acicular inclusions. First described as ‘rutilated’
topaz, it was later shown that the inclusions were
limonite-stained ~ etched  dislocation  channels
(Koivula, 1987). Late in 1988 one of the authors was
shown similar material in which the inclusions were
a dark red-brown and which reportedly had been
altered by heat treatment. Subsequent investigation
showed that the heating had altered the limonite
staining to hematite, changing the colour of the
inclusions and making them more prominent
(Kammerling and Keivula, 1989).

Also seen occasionally are translucent to semi-
translucent  chalcedonies - containing  large,
apparently artificially induced dendritic inclusions.
It is believed that the gems are first soaked in a
copper solution, after which an electric current is
applied in order to precipitate out a dendrite of
¢lemental copper (Dunn er af., 1981; Koivula and
Misiorowski, 1986; Koivula and Kammerling,
1989). The copper solution is also probably re-
sponsible for the blue-green body colour of such
treated gems. There is also a brief mention in the
literature of an agate cabochon on the back of which
dendrites were engraved and then filled with a black
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substance (Nassau, 1983). Equally germane to this
discussion are ‘most agate doublets’ These are
produced by precipitating out manganese oxide
dendrites within gelatine on a glass plate and then
gently heating to remove excess water; another glass
plate is then cemented on top and assembled stones
fashioned from the composite piece (Webster,
1983).

Description of specimen under investigation

In the spring of 1990, a resident gemmology
student at the Gemological Institute of America in
Santa Monica donated a most interesting assembled
stone for examination. The specimen, a very shal-
low-domed oval single cabochon (Figure 1), had
been purchased at the Tucson Gem and Mineral
Show in February, where it was represented as a
dendritic agate; there was no indication from the
vendor that the piece was assembled or in any other
way altered. The stone, which weighs 61.39 carats
and meastres 39.00 x 30.45 x 6.42mm, is essential-
ly colourless and almost transparent where inclu-
sions are not present. It exhibits an attractive
pattern of dark reddish to greenish brown dendrites
in the type of general pattern which in the US trade
is referred 1o as ‘plume’ structure (Figure 2). One
small, irregular area has a dark yellowish brown
colour with wavy, agate-like banding.

When examined from the side, the assembled
nature of the piece becomes obvious (Figure 3). The
top consists of a very transparent, colourless convex
cap joined to a flax, light grey, semi-transparent to
translucent base.

Magnification

When examined under magnification the cap
appears virtually inclusion-free. Between the cap
and base there is a fairly thick (approximately
0.5mm) transparent, colourless layer containing
many minute, spherical gas bubbles (Figure 4).
Using a straight metal pin and very little pressure it
was easy 10 both scratch and indent this layer, which
we believe to consist of an epoxy or similar synthetic
resin (or perhaps a ‘gel-type’ cement). Some of this
epoxy-like material runs out over part of the cap and
some irregular drops of what appears to be this
material are found on the cap near the separation
plane. The entire base of the stone is also coated
with this material; several scratches (Figure 5) and
other irregularities (Figure 6), some resembling
human fingerprints, are noted on the coating. The
base section, which is approximately 1.2mm thick,
contains {in addition 1o the dendritic inclusions
already described) some irregular, wispy, milky-
white areas, some of which show typical *botryoidal’
or ‘fortification agate’ structure (Figure 7).
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Fig. 2. The dendrites in the assembled stone exhibit an Fig. 3. Whenexamined from the side, the assembled nature of
attractive “plume’ seructure, Photomicrograph by John the scone becomes obvious. Photomictograph by John
L. Koivuka. Magnified 3x. 1. Koivula,

Fig. 4. Numerous minute, spherical gas bubbles can be seen Fig. 5. A scratch can be seen in the colourless coating an the

in the colourless cement layet between the cap and the base of the assembled agare. Phowmicrograph by John
base. Photemicrograph by John L. Koivula, Magnified I. Koivula. Magnified 10x.
40x. .

Fig. 6. Irregular surface features, probably human finger- Fig. 7. The typical agate structure was detected in some areas
prints, were also noted on the coated base. Photomicro- of the agate base. Photomicrograph by John I. Koivula.
graph by John I. Koivula. Magnified 5x. Magnified 30x.
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Gemmological properties

A spot refractive index reading taken on the apex
of the cap with a Duplex II refractometer revealed a
value of 1.51, while a flat-facet type reading on the
base gave a value of 1.56. No birefringence or
pleochroism was noted, and no absorption features
were detected using a Beck prism speciroscope
mounted on a dual direci-transmission/fibre-optic
illuminator base. When examined face-up in the
polariscope between crossed polaroids the stone
exhibited an aggregate reaction; when examined
through the side, parallel to the separation plane,
the cap gave a singly refractive reaction while the
base gave an aggregate reaction. Through the
careful use of hardness pencils it was determined
that the cap had a Mohs hardness of approximately
514,

Viewed face-up under long-wave ultraviolet
radiation, no fluorescence was detected; when
examined parallel 1o the girdle plane, however, the
epoxy-like laver was seen 1o fluoresce a bright
bluish white, Viewed face-up under short-wave
uleraviolet light, the stone fluoresced a moderate
chalky yellow; examined from the side, however, it
was scen that the cap was fluorescing a strong
chalky vellow, the epoxy-like layer fluoresced a
moderate chalky bluish-white and the base was
mert. Interestingly, when viewed through the base
of the cabochen the yellow fluorescence of the cap
was masked.

Conclusion and discussion

Based on the above test results, it was determined
that the specimen was a glass and dendritic
{‘plume’) agate doublet, the two components being
joined with a colourless cement layer. Although it
would appear inconsistent with the identification of
the base secton, the 1.56 RI obtained for this
component was probably due to the thickness of the
coating on the base, that is, the reading was that of
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the epoxy and not of the underlying chalcedony, In
the authors’ experience, this reading is in the range
of some synthetic casting resins with which they
have experimented.

One might ask why anvone would go 1o the
bother of producing such an assembled stone. Dr
Emmanuel Fritsch of the GIA Research Depart-
ment offered one possible explanation, stating that
only in a relatively thin section might the agate base
have exhibited the desired ‘plume’ effect; the
assemblage allowed this effect 1o be seen in a larger
(and perhaps more durable} stone. Another possible
explanation is that, as with some turquoise and opal,
the finished piece may merely have been too thin to
have offered adequate durability, hence the assemb-
lage.
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Contributions to a history of gemmology
Carl Peter Thunberg and Ceylon gemstones

John Stnkankas, Ph.D., GG, FMSA

San Diego, California 9109, USA

The literature of antiquity frequently mentions the
gem riches of Ceylon, today known as Sri Lanka,
but only in the 18th century, did a modern, trained
scientist, Peter Carl Thunberg (1743-1828), Swed-
ish medical doctor and naturalist, systematically
collect and describe its gemstones. The account
first appeared in a narrative of his voyage to the Far
Eastand elsewhere, Resa uti Evropa, Africa, Asia. . .
1770-1779, published in Uppsala, Sweden, 1788-
93. He briefly describes four non-gem minerals and
twenty gemstonies which herein are affirmed as 1o
identity or suggested as being different from the
species to which assigned by Thunberg.

Biographical note

Carl Peter Thunberg was born at Jénkdping on
11 November 1743 where in his youth he attended
local schools then entered the University at Uppsala
for his higher education. Here he obtained his
doctorate in medicine in 1770. While at Uppsala he
studied under the celebrated naturalist Carolus
Linnaeus (1707-1778) who made him his protege
and declared him to be his most promising student.
From this master of natural history he received the
inspiration to devote aimost his entire life to studies
in the natural sciences with greatest emphasis on
botany. However, immediately after leaving the
university he travelled to Paris to further study
medicine for one year. Here he teceived an invita-
tion from the Dutch East Indies Company to act as
surgeon and naturalist in their colony at Cape Town,
South Africa. Setting sail from Europe he arrived at
the Cape in April 1777, and for a period of almost
three years assiduously collected over 3,000 species
of plants, of which over 1,000 were new to science.

An opportunity now came his way to travel
farther to Japan, again acting in similar official
capacities. He boarded ship in 1775 and afiter stops
in the Dutch East Indies eventually arrived at the
island of Deshima m Nagasaki Harbour to which
place the Durch were confined by order of the
Japanese government. Despite restrictions placed
on travel and social exchanges Thunberg managed
to assembie a large collection of native flora,

© Copyright the Gemmological Association

especially plants that were used for food or in the
native economy, which proved to be the next largest
collection after that formed earlier by Engelbert
Kaempfer (1651-1715) also a visitor to Japan in
1690. Thunbergs collection was dispatched to
Sweden and formed the basis for his monumental
Flora Faponica, 1784, in which treatise he described
over 300 previously unknown plants. He left Japan
in December 1776, stopping during his voyage
home in Batavia, Colombo, Cape Colony, and
London, in the last city making the acquaintance of
a number of scientists, including Sir Joseph Banks
{1743-1820). He arrived in Sweden in 1779 and in
1781 was appointed demonstrator in botany at
Uppsala, and then succeeded his mentor, Linnaeus,
as Professor of Botany in 1784, Thunberg founded a
botanical garden at Uppsala and gave to his uni-
versity his large collection of natural history objects.
In addition to the Japanese botany mentioned, he
also wrote feones plantarum Japonicum, 1794-1805,
Prodromus plantarum, 1800, and Flora Capensis,
1807-1812. He first described the remarkable South
African plants known as the proteas while the
genus, Thunbergia, containing 65 species and much
cultivated in warmer climes, was named in his
honour. His travels proved popular reading and
were published in German, 1792-4, in English,
1794-5, and in French, 1794. After a useful and
productive life, Thunberg died at Tunaberg, near
Uppsala, on 8 August, 1828.

Historical accounts of Ceylon gemstones

This pleasant, tropical island, lying immediately
south of the Deccan Peninsula of India, has been
identified by various names as Serendib, Tapro-
bane, and others {Yule, 1871; Giibelin, 1968; Cas-
son, 1989). Its gem treasures were known for some
centuries prior to the Christian era as is made clear
inthe Periplus of the Red Sea, or sea-trader’s guide to
the Red Sea and other Near East waters, a new
translation of which has been made by Casson
(1989, esp. pp. 230 f). By the beginning of the first
century traders knew of numerous animal, veget-
able, and mineral products of the region, all of
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which were exchanged among Greek, Roman,
Egyptian, and Moslem merchants. Well into the
Christian era the fame of Ceylons riches spread
throughout the civilized world but the first reliable
evewitness account appears to be thacof Marco Polo
(1254-1324), famed Venetian adventurer, who vi-
sited the island on his return trip from China
sometime between 1292, when he left China, and
1295 when he arrived in Venice.

Polo writes (Yule, 1871): “Now I will. .. tell you
of the most precious article that exists in the world.
You must know that rubies are found in this Island
and in no other country in the world [sic] but this.
They find there also sapphires and topazes and
amethysts, and many other stones of price. And the
King of this Island possesses a ruby which is the
finest and biggest in the world; I will tefl you what it
is like. It is about a palm in length, and as thick as a
man’s arm; to look at, it is the most resplendent
object upon earth; it is quite free from flaw and red
as fire. Its value is so great that a price for it in
money could hardly be named at all. You must
know that the Greatr Khan [Kublai Khan, 1216-
1294] sent an embassy and begged the King as a
favour greatly desired by him to sell him this ruby,
offering to give for it the ransomn of the city, or in fact
what the King would. But the King replied that on
no account whatever would he sell it, for it had come
to him from his ancestors™

Yule (p.256) ‘comments on the story of this
enormous ‘ruby’ as told by others who in the past
claimed to have some knowiledge of it but offers
himself no explanation as to the stone’s identity
even though it was probably obvious to Yule that it
could not have been a true ruby. Alternatively, the
stone could have been a large tourmaline crystal,
possibly red in colour and from Burma where in
modern times at least, very large rubellite crystals
were found in the pegmatite mine at Sakangyi.
Furthermore, Bauer {Spencer transl. 1904, p.371)
notes that “two very fine specimens of crystallized
rubellite from Burma are exhibited in the Mineralo-
gical Gallery of the British Museum, one of these,
remarkable for its size and shape, being seven
inches high and six inches across, was given by the
King of Ava 1o Colonel Symes when on an embassy
to that couniry in 1793; the other, not so large, but
of a fine deep colour, was presented to the Museum
in 1869 by Mr C.S.].L. Guthrie”.

After Marco Polo the next eyewitness from
Europe appears to be Jean Baptiste Tavernier
(1605-1689), the daring French traveller-gem mer-
chant, who made no less than six voyages to the
Near East and into India, seeking and buyving gems
of great value for resale in Europe. His account
makes fascinating reading and is still highly
esteemed for its historical detail, gemmological
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information, and general accuracy. Its first edition,
Les six Voyages, etc., appeared in Paris in 1676.
Tavernier visited Ceylon from May 12 to July 25,
1648, noting that “there are onfy two places in the
East where coloured stones are obtained, namely in
the Kingdom of Pegu [Burma) and in the island of
Ceylon” (Tavernier, Ball-Crooke transi., 1925, 2,
77). Further, “the other place in the East whence
rubies and other coloured stones are obtained is a
river in the island of Ceylon. It flows from high
mountains which are in the middle of the island,
and as the rains gready increase its size — three or
four months after they have fallen, and when the
water is lowered, the poor people go to search the
sand, where they find rubies, sapphires, and
topazes. The stones from this river are generally
more beautiful and cleaner than those of Pegu”
(ibid, p.79). While Tavernier’s first edition appeared
in 1676 the information on India’s and Ceylons
gemstones actually appeared beforehand in the
1665 edition of Chappuzean’s Hisroire des Joveaux,
which, however, is said to be a pirating of informa-
tion derived from Tavernier’s ‘original meémoirs,
according to Valentine Ball (Tavernier, Ball-Crooke
edit, 2, 471-6). An English version of Chappuzeau is
also known, published in 1671. Neither of the works
contain any information which is not already in
Tavernier.

Thunberg's visit

Apparently Thunberg’s knowledge of Ceylon’s
gemstones was gained largely as a result of a several
weeks stay at Matara, which gem district he visited
in response to an urgent request for his medical
attention to the wife of Count Rantzow, Duich
Compuroller of the ‘factory’ at Mature {as it was
called). Thunberg states that “I daily made excur-
sions in the vicinity of this place, and as the precious
stones of the island are found and dug up more
especially in these parts, I procured the proper
intelligence, as well concerning the different kinds
of them, as the manaer in which they are sought for
and made use of " (Engl. transl. p.215, ff.). He notes
that the major part of gemstones are locally cut and
sold afterwards in India, it being the occupation of
the “poorer sorts of Moors to cut and polish them”,
referring here to the Moslems of S¢i Lanka who
until recently monopolized the lapidary treatment
of native gemstones, Thunberg took care to buy
both rough and cut stones, the rough to be pre-
served with other ‘fossils} i.e., mineral specimens,
which he collected during his travels. The non-gem
species from Ceylon are few: an ‘iron ore’ found in
the earth and clay and suggesting limonitic or
goethitic concretions, mica in “large laminated
masses... the slivers of this are wused for
ornamenting... umbrellas, made of large Talpat
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Fig. 1. inal in oils) of Carl Peter Thunberg by Per Kraflt, The Younger, painted in 1808, now in the University of
Uppsala, Sweden. Courtesy Dr. Kurt Bostrénm.,
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(Licuala) leaves”, ‘plumbago’ or graphite, and
‘stahlstein, or crystallized pyrites (or sidente),
“used for making buttons of”.

The gemstones are as follows, with synonyms in
English, Malabarese, Singhalese, and Swedish, the
last added from Thunberg’ article on same in the
transactions of the Swedish Academy of Sciences
(Thunberg, 1784). The first name is from the
English translation (Thunberg, 1795).

Ruby: robyn, elinges chogeppu, lankaratte, rubin.
“Genuine ruby”

Amethyst: scuandi (in Malabar. & Singhal.); Swed-
ish like English. “Purple-coloured Mountain
Crystal.”

Robals: rauwa, rawa; granater, “Small transparent
Garnets of dark-red colour”

Hyacinths: No synonyms given; “made to pass for
rubies”. The name is classically assigned to red
zircon, which gemstone is abundant in Sri Lank-
ari gravels in short prismatic tetragonal crystals
and rounded pebbles.

Red Tourmaline: pania turemali, penni tourmaling
réd turmalin. “A quartz inclining 1o a red colour”
As with other colours of zircon, called indiscrimi-
nately ‘tourmaline), even today.

Blue Saphire: nilem, nile; bl saphir. “A genuine
blueish colowred Saphire, frequently with blue
spots”, here probably referring to the many
sapphire crystals in Ceylon gravels that display
pigmentation only in patches, zones, or thin skin
areas.

Blue Tourmalin: nile turemali (both Malab. &
Singhal.); bld turmalin. “A Quartz, in colour
inclining a little to blue™

Green Saphire: patje padian (both Malab. & Sing-
hal.); grén saphir. “Genuine saphire”™.

Green Tourmalin: patje turemali (both Malab. &
Singhal.), also called the “Maturese diamond”,
and noting that this name “is given to both
Chrysolites with tetrahedral prisms, and even
sometimes to the Chrysopras”. In the Swedish
version, Thunberg defines ‘Grén Turmaline’ as
occurring in ‘fyrsidig prisma) again almost cer-
tainly describing tetragonal crystals of green
zircon. The ‘chrysopras’ used here is not further
identified by Thunberg,.

Topaz: puresieragen, purperagen, but the latter is
given in Thunberg’s article as ‘pusperagan’
“(ennine topaz”.

Cinnamon-stone: komedegam (both Malab. & Sing-
hal.); canelsten. “A fine flame-coloured or yellow-
ish-brown garnet™ Grossular.

Yellow Tourmaline or Maturese Diamond: kaneke
turemali (both Malab. & Singhal.). “A Topez [sic]
of a greenish-vellow colour™ but most likely
another colour phase of zircon; the second term
for many vears has been applied o zitcons,
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especially from the Matara area, which have been
heai-treated 1o drive off colour.

White Tourmalin or Maturese Diamond: sudu ture-
mali {(both Malab. & Singhal.). “Topaz of pale
vellow colour® but Thunberg’s Swedish gives it
as ‘grongul) i.e., ‘greenish-vellow’

White Crysial: wille palingu, sudu palingu; hvit
crystall. “Transparent and colourless mountain
Crystal™

Whire Saphires or Water Saphires: willie padjan, sudu
padjan; hvit saphir or vatn-saphir. “Small frag-
ments and slivers of the most transparent white
mountain Crystals”

Taripo: “a milk-coloured quartz”.

Yellow Crystal: manjel palingu, kaha palingu. “A
lighter coloured smoky Topaz™ Citrine.

Brown Crystal: tillia palingu (both Malab. & Sing-
hal.). “Smeky mountain Crystal, or a dark col-
oured smoky Topaz™ Smoky quartz.

Black Crystal: karte palingu, kallu palingu. “Partly
in Crystals, partly in fragments, is the Electrical
Tourmalin of Ceylon” Apparently referring here
10 schorl

Car’s Eye: wairodi (both Malabar. & Singhal.);
kartéiga. “Pseudo-Opal”.

Commentary

The meagre descriptions above are augmented
for some stones in the text that follows the listing,
giving colour qualities of ruby and amethyst, and
properties such as transparency and presence or
absence of inclusions. Accurate identifications of
gemstones, especially when in the form of rolled
pebbles and lacking morphelogical clues, were not
easy in the last part of the 18th century, and even
when Thunberg enlisted the aid of Torbern Berg-
man it is obvious that mistakes still occurred. For
example, in Thunberg’s discussion of ruby (p.220),
he states that “most of them are round and flat, from
having been agitated and rolled about in the water”,
which is actually more likely to be the case with
every other Sri Lankan alluvial gemstone than the
ruby or sapphire. The corundum crystals of these
gravels commonly display small to large remnants
of crystal faces, and even when severely womn, they
present general shapes that are readily identified as
belonging to crystals of this species. The confusion
in identity, or, rather, the application of the name
‘ruby” freely to any reddish stone, causing such
confusion, is typified in Thunberg’s following re-
mark in which he claims that “some [rubies] I have
found crystallized with eight sides, of which four
were broad, and four very small, and terminated by
two points, consisting of four sides each”, an
excellent description of a typical doubly-terminated
zircon crystal displaying first and second order
prisms and the bipyramid but not of a corundum
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crystal. Next he notes that “the Moors say that
these approach nearest to the Diamond in hardness,
and polish them, in order to render them fit for
being setin rings”, but now it seeins obvious that the
Moors [Moslems) are speaking of true corundums
and not ziccons, the difference in hardness between
the two readily apparent to anyone who has applied
them to the lapidary’s grinding wheel.

The difficulties in identification that beset Thun-
berg and others in his day were to a large extemt
mitigated by the success of chemical analytical
methods utilizing alkali fusions of hitherto intract-
able minerals, and from the fusions, now water-
soluble, further isolating distinctive compounds —
usually oxides such as ‘silica), ‘alumina’, etc. Among
the most successful analysts at the close of the 18th
century and into the first vears of the 19th century
was Martin Heinrich Klaproth (1743-1817), char-
acterized by Mary Elvira Weeks, Discovery of the
Elements (Weeks, 1956, p.263) as “the most disting-
uished German mineralogical and analytical chem-
ist of his time” Klaproth published his numerous
analytical results in various journals but these are
found conveniently collected in his Beitrdge sur
chemischen Kennnis der Mineralkorpers, 6 volumes,
1795-181%, of which the first two volumes in the
English edition are utilized here (Klaproth, 1801).
Thus, on corundum, or “oriental sapphire”, Klap-
roth disputes Bergman's analysis, in which the latter
includes 35% silica, and after a lengthy description
of his analytical procedure, arrives at his own

467

analysis, essentially all alumina and only a little iron
oxide and calcium oxide, which is nearly identical to
currently accepted analyses for corundum. From
this and other comparisons with the analyses of
gemstone provided earlier by Bergman it becomes
clear why ¢ven consultation with this contemporary
of Thunberg did not always result in accurate
identifications of the gemstones that Thunberg
brought back from Ceylon. Before advanced
methods of chemical breakdown became available
there was little that mineralogists could do o
identify many species which nether reacted before
the blowpipe flame nor allowed attack by then
available acids and reagents.

In his further discussion of Ceylon gemstones,
Thunberg has liule difficulty identifying amethyst
in which the crystals are characteristically termin-
ated, “some have six sides, and one hexagonal
point” (p.222). However, the “robal”, said o be
dark-red, darker than ruby, is not further described
and its identity must remain speculative. Thun-
berg’s “hyacinths” that occur in “small yellowish-
brown or reddish prisms” appear to be zircons, and
the added remarks on “red tourmalin” that speak of
crystals that “seem to have four similar sides on
their oblong column, and a quadrangular pyramid”,
again apply best to zircon. Speaking of this species,
it was Klaproth (p.175 ff.) who “discovered zirconia
in 1789 while analyzing a zircon from Ceylen”
{(Weeks, p.543), further noting colours, crystal
forms, and specific gravities, but giving credit 1o

CORUNDUM

SAPPHIRE

PINACOID ¢, HEXAGONAL PRISM g,
NEGATIVE RHOMBOHEDRON r/Q112/
HEXAGONAL DIPYRAMIDS #/1123/,
z/N2)/, AND w/T.7T.14. 3/

Fig. 2.

Sapphire and ruby crystals, the sapphire at extreme leit being particularky rypical of those found in the gem grvels of Sri

Lanka. From a drawing by John Sinkankas in his Mineralogy.
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J.B.L. Romé Delisle {1736-1790) for being the first
mineralogist to suggest that zircon was a distinct
species. Klaproth also analyzed hyacinth from
Ceylon (p.195), noting again that erroneous analysis
by Bergman (who failed to recognize the presence of
zircenia) and determining that chemically it was the
same as zircon.

Thunberg’s “blue saphire” may also be misidenti-
fied because all specimens that he saw are claimed to
be more uniformly coloured than amethysts, *“all
those which [ saw had been worn smooth by their
agitation in the water”, and “all made use of, when
cut, for burtons and rings”. This description seems
unlikely for true sapphire but could be applicable to
iolite, aquamarine, or topaz. He repeats his previous
statement that “blue rtourmalin” is nothing but
qguartz with a tinge of blue. On the other hand, &
green sapphire is reaffirmed as “geniune”, while the
“green tourmalin®, again from his descriprion of its

crystals, is most likely to be zircon. Topaz is
reaffirmed as genuine, and is said to ocour “mostly
in yellowish splinters”, while the “cinnamon-stone”,
a term long applied to grossular from Ceylon
“derives its name from its colour, which in some
meastire resembles the oil drawn from the best and
finest cinnamon” (p.225).

The “yellow tourmalin” was never seen in crystals
by Thunberg but only in alluvial stones “always
worn smooth. .. from the size of a grain of rice 1o
that of a pea”. Nothing further is given as an aid 1o
the identification of this gemstone. The so-called
“white tourmalin”, also called “Marturese diamond”
from the town of Martara is certainly zircon and
Thunberg provides some of our earliest knowledge
of heat treaument of gemstones 1o improve their
colour when he stated that this stone is “almost
always the colour of milk, so that its transparency is
not perfectly clear. For this reason it is frequendy
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calcined in the fire, in consequence of which the
colour vanishes, and the stene becomes much
clearer, although not perfectly white. It is then
enveloped in fine lime, and burned with rice-chaff
(oryza).” This is “Matara diamond” or colourless
zircon known for hundreds of years by that name in
the gem trade. .

As 1o other stones in Thunberg’s list, the “white
crystal’, is ordinary rock crystal, but “watec-
saphire” is certainly neither corundum nor iolite;
under the above misnomer it has for many years
masqueraded as corundum bur here appears to be
nothing more than a colourless zircon. Thunberg
says it very much resembles the white crystal but is
clearer and “is especially distinguishable by its
hardness, in which it surpasses the Crystals.” While
this suggests corundum, Thunberg admits that he
never could obtain any of these stones as crystals
but only as “shapeless pieces, or else flat and
rounded off, with rugged swrface, full of smalil
impressions like dots.” Passing on to other “crys-
tals” the kind called “taripo” is defined as milky
quartz, while the yeliow and brown crystals corres-
pond to our citrine and smoky quartzes. But in the
same breath Thunberg mentions “black crystal”
which now appears to be schorl because he notes
that some crystals display “six dissimilar sides and
an obtuse triangular point,” a fair description for
many of the black to brown or reddish-brown
strongly dichroic tourmaline crystals commonly
found in Sri Lankan gem gravels, and in shape
ranging from smooth ovate pebbles to some which
are stubby prisms, doubly-terminated, to some
which are practically compressed to wafer-like
shapes with scarcely more than traces of prism
faces. Thunberg notes that he “could not observe,
that the Indians were acquainted with its electrical
properties, which they never denote by the name of
Tourmalin, but bestow thar denornination upon
several other species”.

One of the stones on the list is the cat’s-eye called
a “pseudo-opal”, which is neither chrysoberyl nor
opal, but chatoyant quartz. He describes the stone
as “a very hard stone, which approaches more or
less white or green, and is semi-diaphanous, with a
streak the breadth of a line in the middle, which
streak is much whiter than the stone itself, and
throws its light to whatsoever side this is turned. In
this respect therefere it resembles a cat’s-eye,
whence it derives its name”. The largest piece he
saw was the size of a hazel nut. From further
remarks it is plain that it is not chrysoberyl, the
term “pseudo-opal”, apparently being used in his
time to describe certain varieties of quartz which
bore some fancied resemblance to opal. In fact,
Klaproth, who analyzed a specimen from “the
coasts of Malabar”, noted that its specific gravity
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was 2.625 as compared to 2.660 for a cut cat’s-eye
from Ceylon, and from the analyses established the
material as almost pure silica (Klaproth, p.78 ff).
Despite the evidence of hardness and irregular,
splintery fracture, Klaproth suggested that “it
would be more proper, in my opinion, to class it
with the opals; among which also it was formerly
reckoned under the names of Pseudopal, Cat’s-eve-
opal” (p.84).

Thunberg ends his amplifying remarks by noting
that “the stone known in Europe under the name of
Tourmalin, and celebrated for its electrical virtues,
is not known by the same name by the Indians; but
that they denote by the word Tourmalin, several
stenes, which possess not elecurical properties, and
which are even of different species, of different
colours, and of different degrees of wransparency”
Regarding the genuine tourmaline of Ceylon, its
pyroelectrical properties had been known long
before Thunberg’s collection of same as pointed out
by R'W. Home {Aepinus, 1979} who notes that
“samples of this stone had begun 1o be imported
into Europe from Ceylon in the ecarly years of the
eighteenth century for use in jewelry. The Durch
and German jewelers who for many years enjoyed a
virtual monopoly over the tourmaline trade soon
discovered in working them that their stones pos-
sessed the remarkable property of aitracting a
coating of ash to themselves as they were heated in
the fire”. Thunberg’s tourmaline specimens, in part,
were turned over to his celebrated compatriot,
Torbern Olof Bergman {1735-1784), chemist,
mineralogist, pharmacist and professor in the uni-
versity at Uppsala, who investigated them to the
best of his ability and resources and then published
the first adequate analysis of same and at the same
time remarking on the strong dichroism, variations
in properties, and crystal habits (Bergman, 1784). It
was 10 Bergman that Thunberg turned for aid in
identifying his Ceylon treasures, acknowledging
that he “very kindly furnished me with their
mineralogical names” (Thunberg, 1795, p.229).

In conclusion it is noted that another early report
on Cevlon’s minerals appeared in an article by John
W Webster who summarized a report by Dr John
Davy, of England, that originally appeared in the
fifth volume of the Transactions of the Geological
Society of London (Webster, 1824). Davy noted that
topaz is called “white sapphire” in Ceylon, that
tourmaline is rare and met with by him only in
honey-yellow specimens, and that cinnamon-stone
garnet, although abundant, is found only in two
places, namely Cotta and Belligam. He also noted
that zircons of the Matara district receive the name
“Matara diamonds” for their finest varieties. Davy
claimed that “the natives of Ceylon are perfectly
ignorant of the true nature of zircon, and sell the
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vellow varieties as topazes of a peculiar kind, the
green as tourmalines, the red as rubies, and the light
grey as diamonds” (Webster, 56). In 1823, J.L.
Bournon (1751-1825), the French mineralogist
(hence bournonite), examined and described spinels
from Ceylon, and suggested possible origins of the
alluvial gemstones of that island, basing his remarks
on the reports of [.B.L.C.T. Leschenault D¢ Latour
{1773-1820) who visited the island and the coast of
Coromandel (Bournon, 1823).
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The microscopic determination of structural
properties for the characterization of optical
uniaxial natural and synthetic gemstones

Part 3: Examples for the applicability of structural
features for the distinction of natural and synthetic
sapphire, ruby, amethyst and citrine

Dipl.-Min Lovre Kiefert !’ and Dr Karl Schmeitzer'®

) Griffith University, Queensland, Australia
2 Marbacher Str. 22b, D-8067 Petershausen, Germany

Abstract

The application of diagnostic growth structures for
the distinction of natural and synthetic optically unia-
xial gem minerals such as corundum and quariz is
discussed. Typical examples for the characterization of
natural gem varieties of corundum and quartz are
quoted, e.g. sapphires and rubies, amethysts and cit-
rines from distinct sources are described by means of
growth structures. In addition, their synthetic counter-
parts of some producers are compared using structural
features of diagnostic value. Criteria, which are useful
for the recognition of faceted gemstones as natural or
synthetic are underlined. Gem materials described in
detail are natoral sapphires from alkaline host rocks
{Australian, Nigerian, Cambodian and Thai sapphires),
Chatham synthetic.sapphires, natural rubies from Mala-
wi, Knischka synthetic rubies, natural amethysts and
citrines from different sources as well as synthetic
amethysts and citrines from different producers.

Zusammenfassung

Die Anwendung von Wachstumsstrukturen zur Un-
terscheidung natiirlicher und synthetischer Edelstein-
minerale mit einer optischen Achse, wie Korund und
Quarz wird beschrieben.

Typische Beispiele zur Charakterisierung natiirlicher
Edelsteinarten von Korund und Quarz werden erwiht,
u.a. Sapphire und Rubine, Amethysie und Citrine
verschiedener Herkunft werden beschrieben an Hand
der Wachstumsstrukruren.

AuBerdem werden die synthetische Gegenstiicke
einiger Hersteller mit einander verglichen mittels struk-
tereller Merkmale diagnostischer Art.

Niitzliche Kriterien zur Erkennung geschliffener
Edelsteine als natficlich oder synthetisch werden betont.

Ausfithrlichst beschriebene Edelsteine sind natiir-
liche Sapphire ads alkalinen Murttergesteinen {australis-

che, nigerianische, kamobschanische und thailindische
Sapphire), Chatham synthetische Sapphire, natiirliche
Rubine aus Malawi, Knischka synthetische Rubine,
sowohl natiirliche Amethyste vnd Citrine verschiedener
Herkunfi, wie auch von verschiedenen Herstellern
geziichtete Amethyste und Citrine.

Resumen

Se discute la aplicacién de marcas de crecimiento
diagnosticas para la distincién entre minerales de cali-
dad gema naturales o sintéticos que son opticamente
uniaxicos, tales como el corindén y el cuarzo. Se facilitan
ejemplos tipicos para la caracterizacion de variedades
naturales de calidad gema de corindén y cuarzo; por
ejernplo, se describen mediante el uso de marcas de
crecimiento zafiros y rubies, amatistas v cuarzos citrinos
de dererminados yacimientos. Ademas, se comparan
entre si muestras sintéricas de algunos fabricantes de
estas gemas haciendo uso de caracteristicas estructur-
ales de valor diagndstico. Se subrayan criterios, que son
dtiles para distinguir entre gemas talladas natnrales o
sintéticas. Se describe con detalle los siguientes mater-
iales de calidad gemas; los zafiros naturales con origen en
rocas alcalinas (Australia, Nigeria, Cambodia y Thailan-
dia}, zafiros sintéticos de Chatham, rubies naturales de
Malawi, rubies sintéticos de Knischka, amatistas y
cuarzos citrinos naturales de distintos yacimientos al
igual que amacistas y cuarzos citrinos sintéticos de
distintos fabricantes.

I. Introduction

In the first part of this publication (Kiefert &
Schmetzer, 1991a} a detailed description of
methods for the determination of characteristic
crystal faces and growth structures in faceted
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optical uniaxial gemstones by use of two simple
auxiliary means is given. In the second part of this
paper (Kiefert & Schmetzer, 1991b), the character-
ization of natural and synthetic emeralds by the use
of growth structures and their application to prac-
tical problems of determinative gemmology is dis-
cussed in detail.

This third part of the publication will reveal some
new examples for the application of the methods
described in the first part, e.g. for the characteriza-
tion of natural sapphires originating from alkali
basalts or for the characterization of the most recent
type of Knischka synthetic rubies. Additionally, a
summary of results obtained by these methods, part
of them already published in earlicr issues of this
journal, is presented, e.g. the recognition of
Chatham synthetic sapphires or the distinction of
natural and synthetic amethysts and citrines.

Figures 1-15 as well as Tables 1-3, which are
occasionally referred to in this third part of the
publication, are presented in the first part (Kiefert
& Schmeizer, 1991a).

II. Natural sapphires from alkaline rocks

In connection with systematic investigations of
sapphires from different lecalities, a great number
of faceted sapphires and rough crystals from alka-
line rocks as sources have been at the authors’
disposal. The sapphires originating from alkaline
source rocks were of Australian, Nigerian, Cambo-
dian and Thai origin (cf. Vichit ¢ al., 1978; Jobbins
& Berrangé, 1981; Keller, 1982; Coldham, 1985;
Kiefert & Schmertzer, 1987). During these inves-
tigations the authors discovered a significant simi-
larity in structural properties of sapphires originat-
ing from alkaline rocks, i.e. in most cases from
alkali basalts. By measuring the crystal faces of the
rough samples and comparing these common mor-
phological properties with internal growth struc-
tures determined by the methods described, a
correspondence between the external crystal faces
and the internal growth structures was proven for
all sources. Another common feature of all sap-
phires originating from alkaline rocks are their
spectroscopic properties, which were found o be
similar or almost identical for all samples from
different localities examined (cf. Kiefert & Schmet-
zer, 1987; Schmetzer, 1987a).

All rough crystals from alkaline rocks reveal the
basal pinaceid ¢ {0001} and the hexagonal dipyr-
amid z {2291} as dominant forms, and the positive
rhombohedron r {1011} appears frequentcly, Sub-
ordinate forms, e.g. some other pyramidal faces or
the hexagonal prism, differ only slightly from
locality to locality [ef. Figures 3a, d}. The above
mentioned three crystal faces dominate in cut
samples as growth planes. In connection with
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growth planes of sapphires from alkaline rocks
there is nearly always a strong blue, greenish-blue,
bluish-green or yellowish-green colour zoning
observable. However, the crystal faces, especially
those of the dominant forms mentioned above, vary
markedly according to their sizes for samples of
different occurrences. Compared with sapphires
from other types of host rocks, e.g. sapphires from
Sri Lanka, the appearance of the hexagonal dipyr-
amid z {2241} is only observable in sapphires from
alkaline rocks in this significance [Figures 46-57].

Australian rough crystals, for exampie, show
pyramidal habit with the hexagenal dipyramid =z
{2241} as dominant form. The basal pinacoid ¢
{0001} is very small in these samples. The positive
rhombohedron r {1011} as well as the hexagonal
dipyramid » {2243} appear less frequently. Corres-
ponding to this morphology, the dominant growth
planes determined in the microscope with the above
mentioned methods occur parallel to z (2241). In
addition; growth planes parallel to the positive
rhombohedron r (10T1) as well as parallel to the
basal pinacoid ¢ (0001) are observed. Other growth
planes such as faces parallel to the hexagonal
dipyramids v (1121) and n (2243) appear occa-
sionaily, faces parallel to the second-order hexagon-
al prism a (1120) as well as parallel to the hexagonal
dipyramids ¢ (4481} and © (4483) are extremely rare
[Figures 46-49, 51, 53, 55, 57].

For rough crystals of Nigerian sapphires, which
showed well developed crystal faces, a typical
morphology was determined as follows: the major-
ity of the crystals reveal rabular habic with the basal
pinacoid ¢ {0001} and the hexagonal dipyramid z
{2291} or with the crystal faces ¢, z and the positive
rhombohredon r {10T1}. In addition to the crystal
faces mentioned above, sapphires with barrel-
shaped habit reveal the hexagonal dipyramid =

Fig. 46, Growth stractures in narural sapphire from Austrahas
planes parallel wo ¢ (0001} and « {1611). View perpen-
dicular to the c-axis, the c-axis runs vertically. Crossed
polarizers. 16x.

Fig. 47. Growth structures in natural sapphire from Australia:
planes parallel to ¢ (00010, # (2243) and = (2241 View
perpendicular to the c-axis, the ¢-axis runs vertically.
Crossed polarizers. 16x.

Fig. 48. Growth structures in nateral sapphire from Austratia:
planes parallel w ¢ (0001} and £ {1011}. View perpen-
dicular to the c-axis, the ¢-axis runs almost verticallyw
Crossed polarizers. 16x. Figs. 46 and 47 as well as Figs,
47 and 48 are related by a rowation of 3F about the
c-axis, Figs. 46 and 4% are related by a rotation of 60°
about the ¢-axis.

Fig. 49. Growth structures in natural sapphire from Australia;
planes parallel to ¢ (0001Y, n (2243) and 2 (2241}, View
perpendicular 1o the ¢-axis, the c-axis runs diagonally
from lower leit v upper righr. Crossed polacizers. 20x.
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Fig. 46. Fig. 47.
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{2243} [Figure 3a]. Crystals with prismatic habit
display the hexagonal prism ¢ {1120} in addition o
the forms mentioned above [Figure 3d). The deter-
mination of growth structures in the microscope by
use of the methods described, reveals that the
growth planes are, according to the morphology of
the rough crystals, mainly parallel to dominant
crystal faces like the hexagonal dipyramid z (2241),
parallel to the positive rhombohedron r (10T1) and
parallel to the hexagonal dipyramid »n (2233} and
parallel to the hexagonal prism a (1120) may occur
[Figure 54, see also Kiefert & Schmetzer, 1987].

Cambodian sapphires available to the authors
disclosed very rarely well developed crystal faces.
The few crystals with preserved external merpholo-
gy are described as follows: the majority of these
samples reveal tabular habit with the basal pinacoid
¢ {0001} and the hexagenal dipyramid z {2241},
occasionally the positive rhombohedron r {1011} is
observed. This morphology corresponds to the
motphology of part of the Nigerian sapphires [cf.
Figures 3a, d]. Besides these forms part of the
Cambodian sapphires reveal pyramidal habit with
only the hexagonal dipyramid z {2241} as the
crystal form. QOccasionally tabular crystals with the
second-order hexagonal prism a {1120} and the
basal pinacoid ¢ {0001} appear. In accordance with
the examination of sapphires from Australia and
Nigeria, the determinarion of internal growth struc-
tures of Cambodian sapphires in the microscope
reveals that the most frequently appearing growth
planes correspond to the external morphelogy of
the crystals. These are the hexagonal dipyramid =
{2241) as well as the basal pinacoid ¢ (0001). As
subordinate growth planes the positive rhom-
bohedron 7 (1011), the second-order hexagonal
prism a (1120) as well as the hexagonal dipyramids »
(2243}, w (1121}, v (4483} and + (4481) could be
determined [Figure 50].

Among the investigated sapphires from Thai-
land, no rough crystals with well developed crystal
faces were available. However, similar to the sap-
phires from the occurrences mentioned above, the
dominant growth planes in the microscope are the
hexagonal dipyramid 2z (2241} and the basal pina-
coid ¢ (0001). The frequency of other appearing
growth planes is similar to that of Cambodian
sapphires. The crystal faces observed are occa-
sionally the positive rhombohedron r(10T1) and the
hexagonal dipyramid = (1121), and, less frequently,
the hexagonal dipyramids » (2243) and » (4483) as
well as the hexagonal prism « (1120) [Figures 52,
56).

In summary, the morphology of all natural
sapphires originating from alkaline rocks is dornin-
ated by the basal pinacoid ¢ {0001} and the
hexagonal dipyramid z {2241). In addition, the
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positive thombohedron r {1011}, the second-order
hexagonal prism 2 { lliﬁl as well as different
hexagonal dipyramids {2243}, 20 {1121}, 0 {4483}
and r {4481} may occur as more ot less subordinate
forms. Sapphires from alkaline rocks often occur
with a thick tabular habit, but barrel-shaped,
pyramidal or prismatic crystals were also found, and
sapphires with a habit intermediate between these
three basal morphologies were-also examined.

At present, no hexagonal dipyramids with the
exception of # Q.ZZB) and no second-order hexagon-
al prisms a (1120) were observed as crystal faces of
flux-grown synthetic sapphire {cf. section IID.
Thus, the presence of at least one of these growth
structures indicates a sapphire of narural origin.
Among several hundreds of faceted samples ex-
amined, part of them without characteristic mineral
inclusions, each of those narural sapphires originat-
ing from alkaline rocks disclosed characteristic
growth structures and, consequently, were deter-
minable: as natural using the above mentioned
criteria.

II1. Growth structures and twinning in flux-grown
Chatham synthetic blue sapphitres

All different syntheses of corundum produced by
the flux method show a distinct, limited number of
crystal faces, which are easily determinable with the
methods described by the authors. Due to the
composition of the flux as well as other variable
growth conditions, which are applied for the pro-
duction of the individual synthesis, the number of
crystal faces vary for the different commercial
productions of corundum. For example, the com-
mon crystal faces of Chatham synthetic rubies are ¢,
r, d, and n [cf. Table 1]. In rubies made by Kashan ¢,
r, and # appear as crystal faces, and Knischka
synthetic rubies reveal the crystal faces ¢, r, d, 1, and
y. The morphology of synthetic rubies produced by
Ramaura consists of ¢, v, and d (cf. Schmertzer,
1986).

An important feature for the distinction of natu-
ral and synthetic rubies is the absence of prism and
some pyramidal faces in synthetic stones, whereas
the negative rhombohedra 4 and v never appear in
natural samples {cf. Schmetzer, 1986).

Flux-grown Chatham synthetic sapphires are
described here in some detail and will be compared
with natural sapphires from alkaline focks (cf.
section II). For the investigation of structural
properties of Chatham synthetic blue sapphires,
both rough crystals and faceted stones were avail-
able (cf. Kiefert & Schmetzer, 1988). The rough
sampies were found to consist of single ¢rystals and
twinned individuals. Twinning is easily recogniz-
able due to the re-entrant angles of the samples. The
crystal faces which were identified in both untwin-



J. Gemm., 1991, 22, 8 475

Fig. 50. Growth structures in natural sapphire from Pailin,
Cambodia; planes parallel vo ¢ {0001) and r (1011).
View perpendicular to the c¢-axis, the ¢-axis runs
vertically. 25x.

Fig. 51. Growth structures in natural sapphire from Australia;
planes paraltel vo ¢ (0001), » {2243} and =z {2241). View
perpendicular to the ¢-axis, the c-auis runs vertically.
Crossed polarizers. 20x.

Fie. 52. Angled growth structure in natvral star-sapphire from
Thailand; planes paraliel to the hexagonal prism faces
aand 2" {1120} form an angle of 1. View parallel to
the c-axis. Crossed polarizers. 26x.

Fig. 53. Angled growth structure in natural sapphire from Fig. 54. Angled growth structure in natural sapphire from
Australia; planes parallel to the hexagonal dipyramids Nigeria; planes parallel to the hexagonal dipyramids &
zand £’ {2241} form an angle of 121.1°. View 10.4° and g’ {2241} form an angle of 121.1° View 10.4°
inclined to the c-axis. 20 x. inclined 1o the c-axis. 25x.
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ned and winned crystals are identical, the samples
displayed tabular to rhombohedtal habit with the
basal pinacoid ¢ {0001}, the positive rhombohedron
r {1011}, the negative rhombohedron 4 {0112} and
the hexagonal dipyramid » {2243} as predominant
forms, as well as the negative rhombohedron y
{0115} as subordinate form [Figures 3b, ¢, f].
Occasionally, an oscillatory development of both
negative rhombohedra d and vy was observed caus-
ing parallel striations on these crystal faces. No
prism faces were detected. All single and repeatedly
twinned individuals (cyclic twinning) were contact
wwins with the second-order hexagonal prism o
{1120} as composition plane and the first-order
hexagonal prism m {1010} as win plane [Figure
3cl.

In the immersion microscope, families of straight
parallel growth planes were determined which
reflect the external morphology of the crystals.
These growth faces are parallel to the predominant
external forms, i.e. parallel to ¢ (0001), r (1011}, d
{0112}, and » (2243) [Figure 58]. The composition
planes a {1120} of the individuals, which are related
by reflection twinning on {1010} are also observ-
able in the gem microscope without having prob-
lems [Figures 58, 59].

The most significant difference between
Chatham synthetic sapphires and natural sapphires
from alkaline rocks is the absence of the hexagonal
dipyramids, e.g. z {2241}, in Chatham synthetic
sapphire, which is one of the most characteristic
crystal forms in natural sapphires from alkaline
rocks. On the other hand, the negative rhom-
bohedrad {0112} and v {0115} of Chatham synthe-
tic sapphires were never observed in natural sap-
phires.

Another important difference, which can easily
be identified by the method used by the authors, is
one distinet type of twinning, which is found cnly in
flux-grown synthetic sapphires. The only kind of
twinning in natural sapphires from alkaline rocks is
lamellar twinning on the positive rhombohedron »
(1011). This kind of twinning is very common in all
natural sapphires, but was recently also observed in
some Chatham synthetic flux-grown sapphires [Fi-
gure 60]. However, in Chatham synthetic sapphires,
an additional type of twinning occurs, The twinned
individuals are related by reflection twinning across
(1010} with the second-order hexagonal prism a
(1120) as composition plane. These composition
planes occur as single growth lines, which are
diagonally passing through the rough or faceted
crystals, and consequently are determinable by the
methods used by the authors without any difficul-
ties [Figures 38, 39; see also Kiefert & Schmetzer,
1988).

The production of Chatham synthetic sapphire is
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supposed te be similar to the production of flux-
grown Chatham synthetic rubies. According to
their morphology, both syntheses are most probably
produced by using the same or almost identical
compositions of fluxes, which was confirmed by
chemical investigations of residual flux material in
rough and faceted samples. Both syntheses, ruby
and sapphire, reveal twinning across (1070), which
is not known for natral corundum. The only
difference between Chatham synthetic ruby and
Chatham synthetic sapphire is the occurrence of
small faces of the negative rhombohedron y (0115)
in synthetic sapphire, which so far was not found in
synthetic ruby.

IV. Natural ruby from Malawi

Corundum from Malawi was already mentioned
in earlier publications (Rudland, 1969; Grubessi &
Marcon, 1986), but in recent months larger quanti-
ties of high quality rubies from this source have
been found on the market. Rough crystals show
tabular habit, the basal pinacoid ¢ {0001} is observ-
able on both sides of the crystals. There were,
however, no pyramidal, rhombohedral or prismatic
faces exposed because all rough crystals were
irregularly broken on all sides perpendicular to the
basal pinacoid. According to the most recent mic-
roscopic investigations of the present authors,
several types of this kind of ruby exist. Part of these
rubies frequently reveal no characteristic mineral
inclusions, but have definite diagnostic growth
structures.

An example, which was investigated by the
authors using the methods described in part 1 of
this paper, was a cut ruby from Malawi of excellent
quality weighing 2.60 ct. This particular stone was
free of any characteristic mineral inclusions. The
determined growth structures were the basal pina-
coid ¢ (0001}, the hexagonal prism ¢ (1120), the
hexagonal dipyramid n (2243) as well as the positive
rhombohedron r (1011) [Figures 61-63]. In other
words: the determination of internal growth struc-
tures revealed an external morphology similar to the
crystal deawn in Figure 3e. According to the
complete determination of all growth strucrures
with the methods introduced here, this stone can
definitely be classified as natural ruby because of
the absence of growth structures parallel to ¢ (1120)
in all types of commercially available synthetic
rubies, ’

V. Most recent commercial production of Knis-
chka synthetic rubies

Several generations of synthetic rubies with
different habits were produced by Prof. PQ. Knis-
chka of Steyr, Austria. For example, Knischka
synthetic rubies of the last experimental generation
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Fig. 55. Angled growth strucrture in natural sapphive from Fig. 56, Angled growth structure in natural sapphire from
Australia; planes parallel 1o the hexagonal dipyramids Thailand; planes parallel to r {1011}, » and o' {2243}
wand w' {1121} form an angle of 124.0°, View 20.1° form angles of 154.0°. View about 30° inclined to the
inclined to the ¢-axis, c-axis. 30x.

Fig. 58. Growth structures and twinning in ﬂuxlgn‘an Fig. 39. Growth structures and twinning in flux-grown

Chatham synthetic sapphire; growth sectors confined Chatham synthetic sapphire; repeated twinning across
10 the rhembohedron r (1011} [right part] and the {1010} with two compeosition planes 2 and 2’ {1120}
hexagonal dipyramid » (2243) [left part] are divided by observable. View parallel o the c-axis. 24x.

a twin boundary parallel to ¢ (1120). View about 30°
inclined ro the c-axis. 40x,
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Fig. 37. Angled growth structure in natural sapphire from
Australia; planes parallel to r (1011) and # {2243} form
an angle of 154.0°. View about 3{0° inclined to the

c-axis. 30x.

Fig. 61. Angled growth structure in natural ruby from Malawi;
planes parallel to the hexagonal prism faces 2 and o’
{lIIO} form an angle of 120°. View parallel to the

c-axis. Crossed polarizers. 16x.

Fig. 63. Growth structure in natural ruby from Malawi; planes
parallel to ¢ (QO01}, » (2243) and a (1120). View
perpendicular to the c-axis, the c-axis runs almost
vertically. 26x. Figs. 62 and 63 are related by a rotation
of 30° about the ¢-axis.
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Fig. 60. Twinning in flux-grown Chatham synthetic sapphire;
intercalated lamellae of corundum in twin position on r
(1011}, Yiew 32.4° inclined to the c-axis. 40x.

Fig. 62, Growth structure in natural ruby from Malawi; planes
parallel o ¢ (000§) and r {101 ). View perpendicular 1o
the c-axis, the c-axis runs vertically. 20x.

Fig. 65. Growth structures in Knischka synthetic ruby; oscil-
tating planes parallel to a (2243) and # (2243) form
angles of 122.4°, View perpendicular to the c-axis, the
c-axis runs vercically. 35x.
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reveal the crystal faces ¢ {0001}, r {1011}, d {0112},
n {2243} and y {0115} and, consequently, show a
certain similarity to Chatham synthetic¢ sapphires
and rubies [cf. Figures 3b, f; see also Galia, 1987).
There is, however, a diagnostic feature commeonly
observed in all generations of Knischka synthetic
rubies, which is due to the composition of the flux,
part of which always contains a certain percentage
of a tungsten-bearing compound (cf. Schmetzer,
1987b). This diagnostic feature of the synthetic
rubies made by Knischka is the oscillatory growth
of the second-order hexagonal dipyramids n {2243}
and # {2243}, causing parallel striations on the
external crystal faces (cf. Knischka & Zirkl, 1986).
If these oscillatory striations of # and n become very
dense, the external habit of the crystals is similar to
prismatic, ie. a dense repitition of # and  can
sinulate the presence of the second-order hexagon-
al prism a (1120).

A new type of comtnercial production of Knis-
chka synthetic rubies has been grown since autumn
1986 and marketed since about 1987 (Knischka,
1989). An important component of the flux in this
production is still a tungsten-bearing compound. In
this new generation of Knischka synthetic rubies,
crystals with columnar habit and a length of up to 6
cm are grown {Figure 64]. These crystals reach a
weight above 100 ct. The surface of these columnar
appearing crystals is formed by the oscillatory
grown faces n (2243) and n (2293). In faceted
samples, besides feathers of residual flux material,
the oscillatory occurrence of #(2243) and r (2243) is
distinctly recognizable in the immersion micro-
scope [Figures 65-67]. This oscillation of the two
pyramidal faces n and #, forming angles of 122.4%, is
easily observable in the view perpendicular to the
optic axis, with a rotation of the crystal about the
360° vertical axis of the sample holder as described
in the first part of this publication. Consequently, a
significant and diagnostic feature is now available
for synthetic rubies of that particular generation of
Knischka synthetic rubies. Similar or identical
growth structures were never observed in natural
stones up to now.

¥I. Natural amethyst and citrine

Structural properties like growth planes and
wwinning of both natural as well as synthetic
amethyst and citrine have already been discussed in
detail in earlier issues of this journal (Schmetzer,
1986, 1989; Lind & Schmetzer, 1987). In these
earlier articles, however, only part of the pow
available methods used for these investigations
were applied. Therefore, a summary of the most
significant results, obtained by the methods discus-
sed in the first part of this paper, is presented.

In all rough samples of natural amethyst and
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Fig. 64. Rough crystal of Knischka synthetic ruby of the most
recent commercial production revealing columnar
habit. Photo by courtesy of the producer.

heat-treated natural amethyst (citrine) examined,
only the positive rhombohedron r (10T1) or the
major rhombohedron r (1011) in combination with
the minor rhombohedron z (0111) were observed
[Figure 5]. The first-order hexagonal prism m
(1010) is subordinate if present at all, and of small
size only.

Natural amethysts as well as heat-treated ameth-
ysts frequently disclose growth planes in the form of
sharp lamellar structures, often connected with a
distinct colour zoning. The colour zoning parallel to
the positive and negative rhombohedra r and z is
violet in natural amethyst and yellowish-brown in
heat-treated narural amethyst (citrine}. Growth
planes, which are commonly parallel 1o the thom-
bohedral faces, form three characteristic angles of
diagnostic.value. Structures parallel to two positive
rhombohedral faces rand r* {1011} form an angle of
94.2° [Figure 68], growth planes parallel to the
positive rhombohedron r (1011) and the negative
rhombohedron = (0171} form an angle of 133.7° if
both faces are adjacent [Figures 69,70, and an angle
of 76.4° if they are opposite to each other [Figure
711

Besides lamellar colour zoning parallel to the
rhombohedral growth planes, natural amethyst and
heat-treated natural amethyst (citrine) often reveal
another kind of colour zoning in the areas confined
to the positive and negative rhombohedra. The
areas confined to the positive rthombohedron r
{1011} in natural amethyst have a dark violet
colour, i heat-treated natural amethyst (citrine) they
show an intense yellow to brownish colour, whereas
in the areas confined to the negative rhombohedron
z {0111} the colour is a lighter violet or a lighter
yellowish-brown, respectively [cf. Figure 69].
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Fig. 66. Growth structures in Kanischka synthetic ruby; oscil-
lating planes parallel 1o » (2243) and n (2243) form
angles of 122.4°, View perpendicular to the c-axis, the
c-axis runs verucally, 25x.

Fig. 68. Angled growth siructure in natural amethyst from
Brazil; planes parallel to the positive rhombohedra ¢
and ¢* {1011} form an angle of 94.2°. View 38.2°
inclined 1o the ¢-axis. 60x,
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Fig. 67. Growth structures in Knischka synthetic ruby; oscit-
lating planes parallel to s (2243) and r (2243) form
angles of 122.4°. View perpendicular to che c-axis, the
c-axXis runs verrically. 40x,

Fig. 69. Angled growth structure in natural amethyst from

Uruguay; adjacent planes parallel 1o the positive
rhombohedren # (1011) and parallel to the negative
rhombohedron # (0111) form an angle of ]33.7%
growth sectors confined to the positive thombohedron
r{below] are dark violet, growth sectors confined to the
negative rhombohiedron z [above] are light violet in
colour. Yiew 38.2° inclined 10 the é-axis. 35x.



J. Gemm,, 1991, 22, 8-

481

Fizg. 70. Angled growth structure in natural citrine (heat-
treated amethyst) from Brazil; adjacent planes parallel
to the positive rhombobiedron r (1011) and parallel 1o
the negative chombohedron = (0111) form an angle of
133.7°, View 38.2° inclined o the £-axis. 40x.

Polysynthetic twinning of the Brazil law, which is
also a characteristic feature of natural amethyst and
ticat-treated natural amethyst (citrine) will not be
discussed in this paper (cf. Schmetzer, 1986, 1989).
However, it has to be mentioned, that in heat-
treated natural amethyst an alteration of twinning
may occur, which is connected with the develop-
ment of orientated brown striations, which are also
useful] as diagnostic criteria. .

In contrast to natural citrine obtained by heat
treatment of natural amethyst, in natural untreated
citrine the first-order hexagonal prism m (1010) is
clearly developed (cf. Schmetzer, 1989). The crystal
forms determined are the first-order hexagonal
prism m {1010} and the positive rhembohedron r
{1011} or, in other crystals, the forms m {1010},
{1011}, and the negative rhombohedron z {0111}.
The angles formed by different crystal faces are
identical with those of natural amethyst. In addi-
tion, an angle of 141.8°, formed by the two crystal
faces m and r or by m and = may also occur.

In patural untreated citrine, growth structures
occur occasionally in broader distances than in
natural amethyst. In cut samples, few single growth
planes can be observed, which may form character-
istic angles as listed in Table 3. Twinning in naturai
citrine is occasionally present in form of inserted
bodies or plates of quartz in an orientation different
from the host crystal.

VII. Synthetic amethyst and citrine

Synthetic amethyst is commercially grown by
using sced plates cut parallel to the positive rhom-
bohedron r (1011) or parailel to the negative rhom-
bohedron z (0111). The main crystal growth habi-
tually is parallel to the seced plate, which means,
parallel to one rhombohedral face. Parallel to this
single dominant rhombohedral face, i.e. parallel to
the seed plate, in different samples examined all

Fiz. 71. Angled growth structure in natural citrine (heat-
treated amethyst) from Brazil; opposite planes parallel
to the positive thombohedron r (1011) and parallel 1o
the negative rhombohedron z° (0111} form an angle of
76.4°. View perpendicular to the c-axis, the c-3xis runs
horizontally. Crossed pelarizers. 26x.

Fig. 72. Growth siructures in hydrothermally-grown synthetic
civrine from USSR, rvesidue of the seed otientated
parallel 10 the basal pinacoid ¢ (0001) in the centre,
growth planes and colour zoning paraliel to the bound-
ary seed/synthetic citrine. View perpendicular to the
¢-axis, the ¢-axis runs horizonratly. Crossed polarizers.
30x.

Fig. 73. Growth structures in hydeothermally-grown synthetic
citrine from USA; growth lines paraliel 1o the basal
pinacoid ¢ {0001}, View perpendicular ce the c-axis, the
e-axis runs vertically. Crossed polazizers. 32x
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stages of growth structures between no zoning and
an intense famellar zoning as observed in natural
amethyst are observable, However, it has to be
underlined that only in the single dominant growth
direction parallel 1o the seed plate distinct growth
structures as well as colour zoning are observable.
No characteristic angles between this dominant
rhombohedral face and other growth structures, i.e.
other rthombohedra, were observed so far in facered
samples.

In synthetic amethyst, a distinct type of twinning
may occur occasionally (Lind & Schmetzer, 1987).
In samples of this particular type, triangular shaped
twinned areas are incorporated into the normally
untwinned host crystal. These acute-angled zones
are easily recognizable under crossed polarizers.

Different types of commercially produced synth-
etic yellow quartz are grown with seed plates
orientated parallel to the basal pinacoid ¢ (0001). In
some of the samples growth siructures parallel to
the seed plate, paralle] to the basal pinacoid ¢ (0001),
in connection with colour zoning were observable
[Figures 72, 73] (Schmetzer, 1989). This type of
growth structure is neither existent in natural
amethyst or heat-treated natural amethyst (citrine)
nor in natural untreated citrine, because the basal
pinacoid ¢ (0001} does not appear as a growth plane
in natural quartz. An additional characteristic fea-
wure of synthetic citcine is the lack of polysynthetic
twinning as it is commonly observed in natural
amethyst and heat-treated namral amethyst (cf.
secrion VI).

VIIL. Conclusions

As described in detail in this third part of the
paper, the consequent determination of growth
structures using the easily available microscopic
methods introduced in part 1 of the publication
reveals a great number of characteristics which can
be used as diagnostic criteria for the distinction of
natural and synthetic gem minerals. These addi-
tional diagnostic features can be extremely helpful
in cases, in which no unequivocally diagnostic
inclusions are available in the faceted gemstone
under investigation. The methods described can
easily be made available for every gem testing
laboratory and the techniques of examination can
be learned by use of some characteristic samples
within a few days. Hopefully, the application of the
techniques described will lead to an improvement
of the methods by other colleagues as well as to
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some further developments in the recognition of
characteristic criteria which can be applied to
problems of practical gem testing and gem identi-
fication. In general, the microscopic determination
of growth structures and twinning can reveal
criteria, which are of comparable value for the
gemmologist as the investigation of chemical or
SpeCtroscopic properties.
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The growth of rubies in south-east Kenya
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Abstract

Gem quality rubies from south-east Kenya, associ-
ated with small ultramafic irtrusions, formed during a
late Precambrian allochemical metamorphism under
upper amphibolite or granulite facies conditions. PT
estimates for the metamorphism from two-feldspar
thermometry indicate temperatures of berween 630 and
670°C at pressures in excess of 7 kbars. The red colour of
the rubies, as well as the green and blue body colour of
co-existing tourmalines and kyanites respectively, are all
due 10 very high amounts of Cr;0; in these minerals.
Growth colour bands in the rubies reflect variations in
their crystal matrix Cr,0; and Ti0: contents. Exsolved
rutile needles formed during cooling to cut across the
colear bands and may be related 1o decompression.

Introduction

The first discovery of corundum in south-east
Kenya, at Kinyiki, was announced in the Annual
Report for 1936 of the Geological Survey of Kenya.
Small quantities of gem-quality sapphires were
recovered from soils and gravels derived from
corundum-bearing wall-rock to an ultramafic (du-
nite) intrusive (Parkinson, 1947). It was in 1973 that
the first rubies were found in south-east Kenya, in
the Mangari area, by two American geologists, John
Saul and Elliott Miller (Figure 1). The Mangari
ruby deposits are now known to be amongst the
world’s richest and Hughes (1990) notes that East
Africa in general has the potential to become the
future centre of world ruby mining. In order to
facilitate future exploration for new ruby deposits
the present study is an attempt to elucidate the
physical conditions under which the rubies in the
Mangari area were formed. John Saul provided
samples of ruby and its rock matrix for optical and
chemical investigations. The mineral phases of the
ruby deposits were examined in thin sections and
electron microprobe analyses of polished thin sec-
tions provided the chemical compositions of the
main minerals.

Geology
The Mangari ruby deposits occur at the contacts
of small ultramafic intrusions with metasediments

(© Copyright the Gemmological Association

of the Kurase Group (Pohl er al., 1977, after
Saggerson, 1962). Psammitic gneiss is the dominant
metasediment with marble and graphitic schist
intercalations. Gem quality vanadiferous grossular
garnets (‘tsavorite’) occur in the graphitic schists;
these deposits have been described in a previous
paper {Key and Hill, 1989). The area around
Mangari comprises flat, poorly exposed, scrub-
covered couniry. Bedrock is concealed beneath
layered superficial deposits of sand and black cotton
soil above kunkar (secondary limestone). Prior to
the ruby mining operations, the Mangari ulirama-
fics were not exposed and are consequently not
shown on the original regional geological map of
Walsh (1960). Similar ultramafics are best seen in
northern Kenya in the Baragoi area (Figure 2). The
local geology of the Mangari area is described by
Walsh (1960} with Pohl er al., (1977). Bridges (1982)
and Hughes (1990) providing descriptions explicit
to the ruby mines.

On a regional scale the ruby deposits occur within
the late Precambrian Mozambique Orogenic Belt
which underlies much of East Africa between
Ethiopia and Mozambique. The Mozambique
Orogenic Belt developed as a result of Neoprotero-
zoi¢ collision between a western continental plate
{Tanzanian Craton) and an eastern ‘Kibaran® plate.
Shelf sediments and oceanic volcanics were laid
down during an initial extensional phase and subse-
quently disrupted by major folding and associated
ductile shearing and thrusting. This collision-
related deformation resulted in tectonic interfinger-
ing of different lithologies and lithostratigraphic
units. Regional metamorphism at amphibolite to
granulite facies, as well as crustal melt igneous
intrasion, accompanied deformation. The rubies
formed during this event.

At the end of the Precambrian, meridional trans-
pressive shearing and folding was again accompa-
nied by regional metamorphism (greenschist to
amphibolite facies) with crustal melt igneous intru-
sion.

Regional uplift throughout Cambrian times

ISSN: 0022-1252
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accompanied orogenic cooling. Recent reviews of
the Mozambique Orogenic Belt are given by Cahen
et al., (1984), El Gaby and Greiling {1988), Shackle-
ton {1986), and Key et al., (1989).

According to Pohl and Horkel (1980) the corun-
dum deposits {(in bedrock) of south-east Kenya are
of the following four types.

1. Desilicated plumasitic pegmatites in ultramafic
bodies.

2. Desilication zones at the contacts of the ultrama-
fics and metasedimentary country rocks.

Qi P B &

The geological framework of Kenya showing the location of the study area.

3. In aluminous metasediments {not economically
important).

4. In marbles, associated with red spinel (not
economically important).

These authors note that the Mangari rubies
result from complex desilication processes between
small ultramafics (aliered talc - enstatite — tremo-
lite/anthopyllite — chlorite rocks) and intrusive
pegmatites or paragneisses (sce also Hughes, 1990).
The rubies are associated with plagioclase, mica,
tourmaline and kyanite in the pegmatites and with
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Fig. 2. Deuails of the geology of a well exposed area of north-central Kenys, near Baragoi, which illustrates the typical outcrop shape
of ultramafic bodies in the Mozambique Orogenic Bele.



J. Gernm., 1991, 22, 8

Plate 1. Colour zoned ruby with
marginal white corundum
rim. The diameter of the

sample 15 abour Zem.

kyanite/sillimanite, tourmaline and mica aggregates
in the desilicated gneisses. All the mineral phases
formed during the regional metamorphism which
controlled the desilication processes.

Mineralogy

The following ruby-bearing assemblages occur in
the examined samples, ’
Ruby + muscovite + plagioclase (oligoclase —
andesine) + xenotime* (sample 4)
Ruby + phlogopite (sample 5)
Ruby + muscovite + kyanite + plagioclase (sample
5b)
Ruby + phlogopite + plagioclase {andesine) (sam-
ple?)
Ruby + margarite — paragonite + plagioclase
(bytownite-labradorite) + tourmaline + graphite
(sample 8)

*ldentified on the electon microprobe
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Ruby + muscovite + phlogopite + pilagioclase
{andesine) + K-feldspar + tourmaline + kyanite +
zircon (sample 8)
Ruby + muscovite + plagioclase (oligoclase) +
K-feldspar + zircon + xenotime (sample 9)
Ruby + margarite + tourmaline (sample 11)
Ruby + muscovite + pyrite + spinel (sample 12}
Ruby forms idioblastic hexagonal prisms and
clongate hexagonal spindles up to several cen-
timetres in diameter and mostly with a strong colour
Zoning mimicking the prism faces. This zoning is
best seen in sections cut parallel to the basal
pinacoid and comprises white, pink and red sharp
and diffuse bands (see Plate 1). Polysynthetic twins
enhanced by long, white boehmite, A1O{OH),
needles (Hughes, 1990) cut across the colour zoning
(see Plate 2). Rutile needles orientated parallel to
the faces of the hexagonal prism to intersect at 120°
are ubiquitous. The needles also cut the colour
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Plate 2. Twin planes in ruby cutting
across the colour zoning.
White boehmite needles may
be aligned in the twins
{Sample 6). Field of view about
0.8mm by lmm.

 Plate 3. Oriented rutile needles and
equant mica inclusions in
ruby. Note that the ruule
needles cut across the colour
banding (Sample 3}, Field of
view about 3Imm by dmm.

Plate 4. Close up of Plate 3. Field of
view about 0.8mm by lmm.




I. Gemnm., 1991, 22, 8

Plate 8. Mesoperthite with white albice
spindles in K-feldspar.
Sample 9. Field of view about
. 8mm by Imm.

banding (see Plates 3 and 4). Less common inclu-
sions are small, colourless to pale green chreme-
muscovite plates (see Plates 3 and 4). One sample
comprised a red, translucent ruby with massive
rutile grains embedded in its centre (Plate 5 - see
cover picture). The rutile needles formed after the
colour banding and are regarded as exsolution
features produced during cooling of the rubies (see
also Hughes, 1990). Their discribution is influenced
by the distribution of TiQ; in individual grains and
a close examination of Plates 3 and 4 shows that
there is a sirong concentration in the darker bands
of rutile needles aligned parallel to the banding.
The microprobe data confirm that the dark bands
are enriched in crystal matrix TiO; relative to the
lighter bands (see below).

Ruby appears 1o be in equilibrium with the other
phases although marginal margarite plates may be
replacive {see also Harding and Scarratt, 1986).
Plagioclase is more abundant than K-feldspar; both
minerals form an equigranular groundmass with
accessory zircon and xenotime (Plate 8). The pla-
gioclase grains are commonly polysynthetically
twinned but the K-feldspar is untwinned with rare
mesoperthitic textures (Plate 8). Tourmaline and
kyanite form poikilitic grains in the presence of
feldspar, They have strong green (tourmaline) and
blue (kvanite) body colours (Plates 6 and 7).
Graphite forms isolated typically ragged blades
(Plate 9).

The mineral phases are generally unaltered as can
be seen in the various plates. There is local marginal
alteration of ruby to margarite and minor sericite
replacement of the feldspar. The absence of fluids in
the rocks following high grade metamorphism may
have prevented major retrogression during cooling.
Sillimanite has been recorded after kyanite in
south-east Kenya {(Pohl and Niedermayr, 1978)
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which indicates that the cooling history was not
isobaric. Pressure release on cooling may explain
the pronounced orientation of exsolved rutile in the
rubies, caused by slight expansions of the ruby
lattice.

Chemistry

The various mineral phases were chemically
analysed on the Edinburgh University Cameca
Camebax electron probe micro-analyser operating
at an accelerating potential of 20 kv, with a probe
current, as measured in a Faraday Cup, of 20
nancamps (see Key and Hill, 1989), Standards used
in the calibration were as follows: wollastonite for
silicont and calcium, jadeite for sodium, corundum
for aluminiurn, periclase for magnesium, rutile for
titanium, orthoclase for potassium, and the artificial
compound MgF, for fluorine. Other elements
(vanadium, chromium, manganese and iron) were
calibrated against pure metals. Matrix corrections
were carried out using a ZAF process similar to that
described by Sweatman and Long {1969). The
analyses occur at single points within individual
grains and the point fluorescence during analysis
provides Instant confirmation of the nature of
certain analysed minerals. Rubies have a red
fluorescence under the probe beam; chrome-rich
(mean value of 0.424% Cr; 0;) kyanite also has a red
fluorescence which changes to pale blue in the
presence of significant titanium (0,127-0.152 %
TiO;}.

Ruby analyses

Tables 1 and 2 summarize the results of the ruby
analyses. It is apparent from these tables that the
main chromophore is Cr>0;. In the unzoned rubies
the mean Cr;(Q: content varies from 0.3%1 to
0.963% with the highest values in the best quality
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Plate 6. Green courmaline and ruby cluster. Size of
specimen about 3cm.

Plate 7.
Blue kyanite and ruby. Size of specimen about 3cm.
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Fable 1: Mean ruby analyses for unzoned rubies
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Sample Sample Sample Sample
7 8b 11 8 Mangari* Umba* Morogoro®
Al 99.546 99,336 99.803 99.647
Cra0y 0.963 0.920 0.447 0.391 1.10-1.80 0.01-0.10 0.060-0.090
Ti0, 0.029 0030 0.016 0.024 1.006-0.020
V20 039 0.027 0.00% 0027 0.000-0.003 0.002-0.01 0.004
Fe( 0.017 0.008 0.013 0D 0.0600-0.50 0.19-0,.25 0.010-0.020
Toval 100,594 100.321 1HK).288 100.09%
" 3 z 3 4

Valuesin weight %

"~ No. of.analyses

* From Hughes (1990}, Umba and Morogoro are in Tanzania
(reddest) stones. The chrome values are slightly
lower than those reported by Hughes (1990) for
Mangarj rubies but are still higher than rubies from
adjacent parts of Tanzania. The ultramafic intru-
sions are thought 10 be the original source of the
chromium as these rocks have high Cr;0; and
locally, in Kenya, host podiform chromite (Key,
1987). Iron contents are very low which is reflected
by the lack of brown tints to the Mangari rubies —
one of the reasons that they are so prized as
gemstones. Vanadium contents are also very low in
the rubies and all the other mineral phases.

The internal colour banding of dense or partly
translucent ruby grains is reflected by variable
Cr;0; and TiO, contents (Figure 3 and Table 2).
The dacker (redder) bands have higher Cr;0;
values relative to adjacent paler bands and the
overall mean Cr;0; value for the dark bands is
significantly higher than the corresponding figure
for the light bands (0.571% compared with 0.400%).
The same is true for the distribution of TiO;
{0.286% mean value for dark bands and 0.168%
mean value for light bands). The colour banding is
regarded as a primary growth feature; diffusion of
Cr;0; and TiQ; in the ruby crystal marrix. As
shown earlier, the TiQ; at least in part, was exsolved
during cooling as orientated needles.

Other minerals

Table 3 presents the mean chemical analyses of
the main mineral phases associated with ruby. All
the micas have significant Cr;0; values. In particu-
lar the muscovites have mean CryQ; values of
0.447% with the bright green fuchsitic micas having
mean Cr;O; values of 3.130%, and the highest
individual analysis of 5.925% Cr,Q;. For reference,
Deer and others (1970) record maximum values of
about 6% Cr,0; for fuchsite. The fuchsite inclu-
sions in the Mangari rubies have the highest Cr,0;
values.

The green body colour of the tourmaline (Plate 6)
1s due to Cr20; (mean value 0.478%) and not V;0
(mean value 0.061%). Therefore the vanadiferous

tourmalines reported to occur in south-east Kenya
are unlikely to come from Mangari. This is sup-
ported by field evidence (]J. Saul, pers. comm.).
Similarly the blue body colour of the kyanite blades
{Plate 7) is due to Cr;0; (mean value 0.424%). The
chrome content of the kyanites is amongst the
highest ever reported. Altherr and others (1982}
record values of 0.139% Cr,03 for Tanzanian
kyanite which they regard as exceptionally high.
Table 4 shows two ICP {inductively coupled plasma)
spectrometry analyses of rourmalines from Man-
gari. These analyses are similar to the microprobe
analyses and they also provide data on the boron
contents of the tourmaline.

The most common plagioclase phases have com-
positions in the oligoclase-andesine range. Albite
occurs as late overgrowths or as lamellae within
mesoperthites (Plate 8). The most calcic plagioc-
lases are associated with margarite and tourmaline
and the host rock must consequently have been
relatively calcic. Barium was detected in the K-
feldspar grains but was not quantitatively analysed.

Metamorphism

Previous work in south-east Kenya has shown
thar the grade of the regional metamorphism within
the Mozambique Orogenic Belt attained upper
amphibolite or granulite facies conditions (see Pohl
and Niedermayr, 1978; Key and Hill, 1989). The
peak temperature of the progressive metamorphism
in this area has been established as greater than
550°C and possible over 750°C. Thus, Arneth and
others (1985) deduced that the metamorphism wok
place at temperatures of between 350°C and 650°C
based on carbon isotope studies of the graphitic
metasediments. Key and Hill (1989) concluded that
the peak temperature of metamorphism was at least
750°C based on mineral assemblages in the grossu-
lar deposits of Mgama Ridge. Similar temperatures
were established by Sarbas and others (1984} who,
from their studies of the grossular garnet-bearing
assemblages, concluded that peak temperatures
exceeded 650°C, Pressures during metamorphism
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Table 2: Mean analyses (in weight %) of a single zoned ruby from Mangari (see Figure 3)

2A Light toned bands

1 2 3 4 5 6 7 ] 9
ALO, 99.540 90,634 99.735 99.453 99.718 99,985 99.870 99.849 99.741
Cr0, 0.427 0.414 0.372 0.385 0.362 0.343 0.236 0.302 0.400
TiO; 0.04] 0.065 0.064 0.146 0.057 0.047 0.046 0.054 0.168
VL0, 0.002 0.020 0.012 0.000 0.022 0.009 0.022 0.009 0.017
FeO 0.000 0.011 0.611 0.010 0.005 0.019 0.020 0.012 0.011
Total 100.011 100,144 100.194 99.994 100.164 100.403 100.294 100.226 | 100.337

" 3 3 13 2 4 7 3 2 7

® — No. of analyses
9: mean analyses for 7 bands in sample 9

(Table 2 cont’d: Mean ruby analyses for dark toned bands (see Figure 3)

2B Dark toned bands

10 11 12 13 14 15 16 17 1% 9 20
Al O, 99311 | 99.181 | 99.625 | 99.727 | 99336 | 99.683 | 99400 | 99.646 | 99.777 | 99.502 | 99.35)
Cr0; 0.619 | 0523 ] 0.505 0.439 0.475 0.415 0.377 0.367 | 0330 | 0.294 0.571
TiQ; 0126 | 0528 | 10.064 0122 o.140 | 0374 0.318 0.205 0.285 0,478 0.286
V.0, 0.017 0.034 | 0.043] 0.010 0.010 | on4s | 0016 | 0.030 0.011 0.012 0.024
FeO noos | 0008 | 0.011 0.002 0.006 0.012 0.006 | 0.015 0.020 | 0.012 0.018
Total 100.079 | 100.274 | 100,248 | 100,350 | 99.967 | 100,528 | 100,126 | 100.263 | 100,423 | 100.298 | 100.250

" 3 5 3 3 2 3 4 9 z 4 5

19: mean analyses for 7 bands in sample 9

Table 3: Mean mineral analyses (excluding ruby)

1 2. 3 4 3 6 7 8 9 10 1 12 13
Na,0 0487 2.404| 0234 4313 0363 9951 9412] 7.628| 4435 2639 LO059| 1.655] 0.014
Sicy, 45,617 35.067| 40.921| 41.070| 44.863 | 67.429| 63.069| 59.424| 52.332| 48.226| 63.475| 37.462| 36.917
K0 10.518] 0.209| B5.692| 0.460| 9940 0.684) 0181 0159 00531 0.033| 14173 0.042] 0.009
Cr;04 0.4471 0.133] 0371 0.00 3.13¢| 0016 G.016| G020 O.01%) Q.015| 0.0601] 0.473] 0.424
F 0.046] 0.016| 0.556] 0.039] 0.219| 0.040| 0.00 0.093] 0.055] 0.00 0.037] 0.166| 0.038
Al 36.271| 45.754| 22,609 43.971| 32.239| 21.437( 22.836| 25.371| 29.816| 32.216| 18.256| 33.688| 62.672
CaO 0.008] 9.251| 0.036( 2331 0.007| 0395 4168 7.071| 11.219] 14.279] 0.008| 1.771| 0.006
;05 0.262] 0.020] 0.060| 0.00 G487 0.00 0.029] 0.015] 0.0 0.014] 0.001| 0.061] 0.017
MgO 0.5601 0.075) 17.821] 0.t71] Le&62| 0225 0.010) 0.018| 0.002] 0.014] 0.009| 10.339] 0.044
Tidy, 01561 0.023) 0590 0.018) 0.331| 0008 0.0016] 0.012| 0.018] 0.008] 0.005| 0313| 0.078
MnO 0.013] 0.006) 0.037] 0.00 0031 0.00%9 0010 0.018] 0.004| 0012 0.009] 0.016] 0.002
FeQ 0162 0.024| 0.040] 0.019] Q034 0.014| 0.003) 0.014| 0019 0.009] 0.007| 00421 0.037
Total 94.549| 92,982 91.969] 92.397| 94.506|100.206( 99.793| 99.732| 97.969| 97.466| 97.574| 86.032|100.253

" 9 6 9 2 7 2 3 6 1 3 3 11 7

Values in weight %
* = Mo. of analyses

1. Muscovite 8. Andesine
2. Margarite 9. Labradorite
3. Phlogopite 10, Bytownite
4. Paragonite 11. K-feldspar
5. Fuchsite 12. Tourmaline
6. Albite 13. Kyanite

7. Qligoclase
(A complete list of analyses is available from the authors)
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Fig. 3. The analysed cuby with the locations of the analysed pale and dark bands shown in Table 2.
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Table 4: Two ICP analyses of tourmaline grains
from Mangari

Tourmaline 3 Tourmaline 10
Si0; 39.30 38.13
Al;0, 29.86 30.04
TiO, 0.35 0.30
Fe20 3 0.31 0.42
MgO 9.95 10.82
Ca0Q 2.40 1.57
K0 0.35 0.13
Na;O 1.82 1.66
MnO 0.02 0.02
P,0s 0.04 0.04
B,0; 9.17 9.73
Cr 840 ppm 1030 ppn
Zn 280 ppm 75 ppm

are not so well constrained and have been estimated
at greater than 5 kbars with no upper limit yet
established. Gneisses bearing two pyroxenes are
recorded by Walsh (1960) from the area south of the
Taica Hills, to support the conclusion that the
metamorphism attained granulite facies conditions.

In the present study it is possible to estimate the
PT conditions of the metamorphism during which
ruby-formed, by two methods. A direct method
uses the compositions of co-existing plagioclase and
K-feldspar. Thus Haselton and others (1983) pro-
vide the following formula:

TK=

J. Gemm., 1991, 22, 8

assemblages. Altherr and others (1982) concluded
that corundum in the Morogoro area of Tanzania
formed in a metamorphism with temperatures of
about 695°C at 7.7 kbars pressure (assuming an
activity of HO of 1). This was based on the
assemblages, albitic plagioclase + muscovite +
phlogopite + corundum and albitic plagioclase +
kyanite or sillimanite + phlogopite. These assemb-
lages occur at Mangari. However, no account of the
effect of the presence of CaQ in the mineral phases
was taken by Altherr and his co-workers. The very
detailed study by Cartwright and Barnicoat (1936)
on corundum-bearing restites from Scotland does
discuss the effect of CaO. They note that the
assemblage, corundum + K-feldspar + white mica
+ plagioclase + kyanite + liquid, indicates temper-
ature of around 800°C with pressures of about 12
kbars. The PT conditions at Mangari cannot be
exactly specified beause of the non-stoichiometric
compositions of the mineral phases at Mangari and
because. of the unknown composition of the fluid
phases. However, it can be concluded that the
present study has confirmed that the Mangari
tubics formed during a metamorphism which
reached granulite facies conditions, defined as
temperatures in excess of about 650°C irrespective
of pressure, see Miyashiro (1961) and Zwart (1967).

It is relevant to note that Maesschalck and Oen
(1989) show thart Sri Lankan rubies, found in
similar rocks to the Kenyan rubies, formed under
very similar conditions to those specified in the last

(XAFY(18810 + 17030 X4F + 0.364P) — (XKL)z(ZSZSO 39520 X51)

10.3 (XAFY + 8.31431n

Where Ty, = Temperature (°C)
P = Pressure (bars)
X = Various mole fractions in the ternary
systemn, orthoclase (Or)-albite (Ab}-Anor-
thite (An). AF and Pl refer 10 alkali feldspar
and plagioclase respectively.

This equation is preferred to other two-feldspar
thermometers because it takes in to account the
anorthite content of both plagioclase and K-
feldspar which is significant in the Mangari feld-
spars. Using the feldspar analyses summatised in
Table 3 in the above formula provides temperatures
of between 630°C and 670°C irrespective of press-
ure. The presence of kyanite as the Al,SiOs poly-
morph indicates that pressures must have exceeded
7 kbars in this temperature range (Holdaway, 1971).
These PT conditions agree with previous work as
listed carlier.

An indirect approach to ascertaining the PT
conditions of the metamorphism is provided by
experimental data on the stability of the mineral

{ (XKL)Z(Z }

two paragraphs. They record that the rubies formed
during a metamorphism with a temperature of
about 630°C and pressures of about 5.5 kbars.
Rubies in Tanzania are also found in areas of the
Mozambique Orogenic Belt which preserve granu-
lite facies mineral assemblages (Malisa and Muhon-
go, 1990).

Plate 9. Equigranular plagioclase grains with ragged graphite
flakes (centre of plate) and tourmaline intergrowths
(yellow). Sample 8. Field of view about 3mm by 4mm.

Plate 10. Two ruby grains (one strongly twinned) with idiobias-
tic tourmzline and interstitial margarite. Sample 11.
Field of view about 3mm by 4mm.

Plate 11, Several ruby grains with interstitial wourmaline. Sam-
ple 11. Field of view about 3mm by 4mm.,

Plate 12. Intergrowth of muscovite with ruby; plagiociase grains
clustered in lower left hand corner of the plate. Sample
9, Field of view about 3mm by 4mm.
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Plawe9 Plaw 10

Plate 11 Plate 12
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Conclusions

1. The Mangari rubies formed during regional
metamorphism under upper amphibolite to granu-
lite facies conditions: minimum temperatures of
between about 630 and 670°C and pressures in
excess of 7 kbars.

2. The pink and red body colours of the rubies are
due to high values of Cr»O; in the ruby marrix and
low values of FeQ. Titanium is present in signifi-
cant amounts which is partly reflected by the
ubiquitous presence of exsolved rutile needles.
Vanadium is only present in trace amounts.

3. The strong colour banding is due to variations in
the chromium and titanium contents of the rubies.

4. Cheomium is also the chromophore in green
tourmaline and in blue kyanite associated with the
rubies. The ultramafic rocks associated with the
rubies provided the chromium.

Future work

Many ultramafic intrusions in south-east Kenya
do not appear to have marginal ruby deposits. There
is an obvious need to compare the composition of
the barren ultramafics with ruby-related ultrama-
fics in order 10 see if there are chemnical differences
between the two sites. The chemistry of the ultra-
mafics must significantly affect the desilication
process which formed ruby.
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Paper Gems

F. Eadie

North Glasgow College (Barmulloch Campus), 186 Rye Road, Glasgow G2I 3]Y

Figs. 1-3 A selection of postage stamps depicting gem crystals and cut stones, mining activities and corals.

Stamp collecting is one of the worlds most
popular hobbies but because of the prodigious
issues of world stamps, most philatelists now resort
either to collecting a single country or the classics,
or in more recent times collecting stamps based
upon a theme or topic. For a gemmologist the topic
“‘Gem Crystals’ seems to be an obvious choice.
These are to be found on stamps displaying the
crystal form, the faceted gem or both.

There are some two hundred stamps featuring
gemn crystals and as expected the most common gem
crystal, quartz and its varieties are to be found on no

less than 32 stamps. For a cellection unmounted -

mint stamps are preferable although in some cases
cost might preclude cthis, and v.f.u. (very fine used)

may be substituted. Sometimes the requisite stamp
cannot be bought singly from the dealer but can
only be purchased as part of a set of stamps.

Other tepics which may be of interest to the
geminologist are:

1. varieties of coral (approximately 150 stamps);

2. diamonds and associated material such as mining,
treatment plant, grading, etc (approximately 3¢
SLAMPS).

Any reader who would like a list of stamps on any
of the above mentioned topics may obtain a free
copy from the author at the above address.

Happy collecting.

[Manuscript received 14 Fune 1991.]
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Emeralds from Colombia (Part 3)*

(reorge Bosshart

Giibelin Gemmological Laboratory, Maihofsirasse 102, CH-6000 Lucerne 9, Switzerland

Abstract

Introduction (Part 1)

Al. The history of the Colombian emerald mines
A2. The geographical location of the emerald
occurrences

Bl. The emerald deposits and their geological
environment

B2. Hypotheses of emerald genesis

B3. The mine workings

Gemmological properties (Part 2)

Cl. Morphology, quality and size of the emerald
crystals

C2. Chemical composition, chromophore and trace
element contents

C3. Light absorption, colour and fluorescence

C4. Optical values and density

C3. Inclusions and growth characteristics

Treatments (Part 3)
D. Oil, ultrasonic and hear treatments

Discussion

E. Differentiation of the Colombian emeralds from
natural emeralds of other origins, synthetic emer-
alds and emerald imitations
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Abstract

A condensed historical and mining survey is followed
by a compilation of the most notable crystals of Col-
ombian emeralds ever found and of the details of their
chemical composition. A summary of the elemental
substitutions and their effects on the outlined range of
gemmological data is given.

Special emphasis is placed on the cause of the famous,
vividly green coloration, i.e. on the selective absorption
of orange-red and violet light, dictated by minor con-
tents of the chromophoric elements Cr and V substitut-
ing for AI** in octahedrally coordinated sites of the

*This s a paper has been published in The Fowrnal in three paris. The
complete bibliography was presented wich Part |,

beryl lattice (Cr = V, with the Cr/V ratio found to be
ranging from 4.5 to 0.5, in extreme cases from about 10
to 0.1). Iron, however, has barely been detecied in the
UV/VIS absorption spectra of Colombian emeralds.
Though generally present in slightly larger amounts
than Cr** iron does not recognizably influence the
colour (little Fe?* and possibly some Fe** positioned in
the,axial channels of the ring-silicate structure).

A detailed presentation of the currently known tnter-
nal characteristics (inclusions and growth structures) is
supplemented by a discussion of identification prob-
lems with treated emeralds and the disclosure of the
treatment during transactions in the wholesale and retail
trade.

Allocation of the emeralds to individual Colombian
mines on the basis of inclusion patterns does not appear
possible in most instances. However, the differentiation
of Colombian emeralds from other natural emeralds
{such as those from the Panjsher Valley exhibiting very
simnilar (s5,1,g) three-phase inclustons) or from difficult,
modern hydrothermal and flux synthetics is shown to be
feasible by a combination of microscopy, refractometry,
and absorption spectrometry (UV/VIS and NIR/MIR),
assisted by chemical analysis only in the most difficult
cases. Safe identification of authenticity, treatment, and
origin of emeralds, however, is increasingly becoming
the task of the experts in the specialized laboratory.

The mineralogical definition of emerald as a yellowish
to bluish-green variety of natural bery! is shown 1o be
valid for any Cr and V-containing variety except poss-
ibly the rare, absolutely chromium-free (V,Fel)-beryls
{modification of the former definition of type II emer-
ald): in many of the preferred Colombian emeralds,
chromium is clearly dominated by vanadium (Cr/V ratio
< 1). However, chromium has a higher efficiency of
coloration than vanadivm and » much higher one than
iron ions in the various substicutional and interstitial
[attice sites of beryl. Cr influences colour even at very
low trace levels.

An extensive and up-dated selection of literature,
covering all aspects cited, completes the synopsis.

The introduction to Lhis review is based on the study of a itacton of the
extraordinarily extensive literature on Colombian emeralds.
The main part of the paper (Far1 21 contains data collected and findings
achieved over many years in the SS5EF Laboratory in Zurich,
Part 3 deals with the difficultes encountersd in idenvifying treated
emeralds and with the disclosure necessary when selling them and will
discuss the pussibilitics of differcotiation between Colombian and other
naturzl emeralds and the synthetic emeralds,
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Treatments

D. O, ultrasonic and heat treatment

A few inevitable words to the subject of ‘eil
reatment’. Regrettably itis not true that only a small
number of Colombian emeralds are improved in
appearance. In principle all fractures and fissures
are subjected to filling with colourless oils, Canada
balsam etc. Success is largely dependent on the
quality of the emeralds. Qualiratively good emer-
alds cannot show an improved appearance simply
because they do not possess oilable (surface-
reaching) tension cracks. For objective quality
assessment, emeralds should be de-oiled before any
transaction is finalized (Figure 22). Oil removal is
easily achieved with warm acetone. These fracture
fillings are not permanent. They readily evaporate
or alter in other ways, either chemically or optically
(oxidation in air, reaction with alcohol, soapy water,
cosmetics etc., Figures 23 and 24). Ulimately there
is a general need for subsequent retreatment.

According to laboratory experience, the private
owner may be puzzled by the deteriorated appear-
ance of the oiled emerald sold to him as wntreated.
He may even become annoyed by the slow or
sudden ‘generation’ of shockingly flashing cracks,
as he can prove that he did not damage the emerald.
The experience with his ‘sensitive’ emerald can
make him so sceptical that he is deterred from
buying other gemstones. Any explanation by the
jewellery staff after the sale to the effect that oil
treatments have long become customary will de-
finitely provide little solace. North-American sales
personnel seem to be better trained with respect to
disclosure of gemstone treatments than the Euro-
pean trade.

New weatment methods have recently made
progress. Open cracks are permanenuly filled and do
not trn turbid {(but may appear blue in transmitted
light and show orange flashes in reflected light).
These techniques make use of artificial resins and
hardeners and similar stabilizing substances.

It must be stated that emeralds are not necessarily
endangered by the use of ultrasonics. Beryls are not
more brittle or friable than many other gemstones.
They even lack a proper cleavage. The reaction of
emeralds to any mechanical stress is dependent—as
in the case of oil treatment — primarily on their
quality. Every kind of gemstone with definite
tension and cleavage cracks presents a higher risk
than a fine stone without flaws. But even these can
be damaged under extreme circumstances, for
instance when a sharp girdle of a diamond baguette
exerts pressure on a set emerald (Figure 25).

Emeralds are also no exception when required to
tolerate high temperatures (=700°C), irregular in-
Sfluence of heat and thermal shock during jewellery
work. The weak basal cleavage in beryl then causes
the stone to disintegrate into turbid slices. In these
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extreme conditions the internal pressure of the fluid
inclusions or the intrinsic strain caused by in-
homogeneous chemical composition or geotectonic
stress can lead to a rupture of the stone. The
coloration of emerald by chromium and vanadium,
on the other hand, is largely resistant to heat and is
not affected by irradiation.

Discussion

E. Differentiation of Colombian emeralds from other
emeralds and emerald substitutes is easily managed as
nearly every Colombian stone shows the character-
istic jagged three- and multi-phase inclusions and
definite growth structures, has low o (at most)
medium refractive index and density values and
exhibits no iron spectrum, with the exception of an
occasional weak Fe?* line at 374 nm or a trace of the
Fe?* band centred at about 800 nm. In addition, the
absorption edge at the transition to the general
absorption and the absorption minimum in the UV
are at extraordinarily low wavelength positions.

However, three- and multi-phase inclusions are
by no means found exclusively in Colombian emer-
alds. Resembling them the most are the healing
fissures observed in Afghani and Pakistani ¢mer-
alds. The expert can usually distinguish the pat-
terns by various details. More effective identifica-
tion properties of Pakistani emeralds are the high
refractive index and density values (due to their
elevated contents of Fe, Crand alkalis) as well as the
dissimilar mineral and walirock inclusions {albite
and carbonaceous shale in Colombian emeralds and
talc, molybdenite, hematite, chromite, magnetite
and recently also gersdorffite (NiAsS, cubic) in the
Pakistani stones). Pyrite and carbonates are comn-
mon to emeralds of both mining districts.

A greater problem of identification appear to be
the Afghani emeralds from the Panjsher Valley, little
known up to now. Their inclusions are similar to
and their refractive index and density values hardly
higher than the Colombian ones. However, the
absorption spectrum is clearly different (Figure 4:
UV absorption edge and minimum a1 higher
wavelengths, distinct Fe*t band at 374.5 nm plus
Fe?* bands at about 840 nm (0) and 800 nm (&); iron
content of the Panjsher emerald of 0.789 ct con-
firmed by microprobe partial analysis).

The gemmological data of certain Brazilian and
Australian emeralds are often congruent with those
of the Colombian stones. But, because of their
different rypes of inclusions, identification presents
no more difficulty than that of emerald imitations
{made of Cr-doped YAG, zirconia, glass) or of
composite stones (e.g. soudé ‘emeralds’ made of
quartz/green glass/quartz: emerald-green rough
made of assembled and dve-filled crystals). On the
other hand, modern flux and especially hydrother-
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Fig. 23 Covering of oil, fat or Canada balsam en an extended
tension crack in a Colombian emerald, transformed
into a semi-selid, ugly-looking white crust. Width of
photomicrograph about .40 mm.

Fig. 24 Iridescent and greenish reflective oil film on a tension
crack, in an advanced state of dendritic dessication.
The owner of the emerald noticed the puzzling rainbow
phenomenon one day with the bare eye. Length of oil
film 2.2 mm.

Fig. 25 Extensive irregular breakage caused by the strong
upilateral pressure of a diamond baguette on this
emerald, formerly a centre stone in a ring. Develop-
ment of breakage from the point of contact (the
asymmetric indentation below the girdie) over the
entire feft crown side of this Colombian emerald, free
from cracks and poor in inclustons. Length of the
notch approximately 2.65 min.

J. Gemm., 1991, 22, 8

mal synthetics may pose problems which can no
longer be solved except with the help of UV/VIS
and near- and mid-infrared absorption spectra,
chemical analyses and possibly ESR spectra.

While the determination of origin, based on the
colour and microscopic, chemical and physical
properties mentioned above, is comparatively sim-
ple for emeralds from Colombia, substantiation of
the specific mine is nearly impossible.

Article 5 of the CIBJO Rules (1988) demands an
unequivocal declaration as to emerald treatment
with coloured oils or the permanent filling of cracks
with artificial substances of the new generation.

Evidence of each and every kind of treatnient with

‘the microscope and UV lamp is often ambiguous.

Iridescent reflection colours, for instance, are not
specific: the crange flash on the fissure shown in
Figure 13 looks very similar to those from ‘Opticon’
sealed cracks yet it 15 not due to this treatment.
Systematic application of the CIBJO nomenclature
regulations therefore is virtually impossible. Mic-
raspectrophotometric cathode-luminescence tests
{Ponahlo 1989) could help here if they would
facilitate differentiation of the various chemical
compounds used.

Metal foils formerly applied to the pavilion of
mounted emeralds are rarely encountered nowa-
days. They have not been durable, just like the
modern green lacquers or iridescent coatings on
emeralds, and are also recognizable at moderate
magnification.

Many gemmologists and gemstone dealers do not
appear in a ‘moral’ position to accept without
contradiction the unintentionally broad mineralo-
gical definttion of emerald plainly as green beryl
variety (i.e. without any restriction as to the hues
and sarurations of green). The author, nevertheless,
insists on the fact that small quantities of Cr®t
(AI**oct.), being the cause of the green colour of ali
type 1 emeralds, appreciably participate in the
coloration of type Il emeralds also, due to the
greater colouring effect of Cr than V or Fe. If there
was a type of green beryl which might not be
designated as an emerald, it should only be the W,
Fe-beryls, absolutely free of Cr. Because of their
chromium traces, most natural vanadivm beryls,
such as the ones from Eidsvoll (Mjosa Lake,
Norway), Emmaviile (New South Wales}, Salininha
(Bahia) or Gandao (Mohmand Agency, Pakistan),
must be allocated to the emeraid type I1 and should
thus be called emeralds as well,
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Corrigenda

On p.416 above, first column, 4th line, for ‘thar of
chromium Fe*** read “that of chromium and Fe’**
On p.418 above, second column, line 13, for

‘(Figure 10) read ‘(Figure 16).

[Manuscript received 19 March 1990.)
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Proceedings of
The Gemmological Association and
Gem Testing Laboratory of Great Britain
and Notices

OBITUARY

Mr Johannes S. Hermans, FGA (D.1931),
Delft, The Netherlands, died recently.

Mr Bjarne Jensen, FGA (D.1963), Bergen,
Norway, died in October 1990.

Mr Gerald Leybourn-Needham, FGA (D.1980
with Dist.), Aston by Budworth, died in May 1991.

Mr Henry McNeilly, FGA (D.1929), Belfast,
N. Ireland, died in February 1990.

Mr Akseli Valta, FGA (D.1973), Helsinki,
Finland, died recendy.

NEWS OF FELLOWS

On 12 June 1991 Mr Michael O’'Donoghue gave
a talk entitled ‘Gemstones’ to the Meopham Histor-
ical Society.

On 11 to 13 June 1991 Mr Michael O’Donoghue
and Mr Peter Reed lectured at two courses held by
the Precious Stone Training Services.

On 13 to 15 September 1991 Alan Hodgkinson,
David Larcher, Sharon Longden and Ken Stirton
participated in the National Exhibition of Time
held at the British Horological ITnstitute, Upton
Hall, Nr Newark, Notts, with an exhibition of gem
testing. The event proved to be very successful with
arecord attendance.

THE GIA INTERNATIONAL
GEMOLOGICAL SYMPOSIUM

This very successful event was held in Los
Angeies from 20-24 June 1991 in conjunction with
the Conclave of the American Gem Society. There
were over 1800 representatives (from 45 countries)
from the international gemmological fraternity and
the jewelery industry. The programme comprised
four concurrent feature presentations all day Friday
and Samrday with four concurrent panel discus-
sions on the Sunday morning. As with most all-
embracing conferences, the problem was to choose
which ene of the simultaneous lectures to attend -
all four were always of considerable interest. British
input was by K. Scarratt and E.A. Jobbins in the
Gem ldentification sessions, D.J. Callaghan and
R_R. Harding in the Period Jewellery sessions, with

K. Scarratt and PG. Read participating in various
Panel Discussions. E. Emms was involved in discus-
sions on Diamond Grading.

For the enthusiastic gemmologist the Poster
session provided excellent opportunities to view
and to discuss with exhibitors the results of recent
research and new discoveries. There were some 90
displays from a wide spread of countries.

To mark the Diamond Jubilee of the GIA, David
Callaghan (our Chairman) presented to Bill Boya-
jian (GIA President) a Herbert Smith refractometer
for their collection of historical instruments.

The evening functions were produced in the
grand manner and included a fashion show hosted
by cultured pearl interests from Japan and America
and also a gala “Maestro and Masterpieces: ltalian
Jewels of the Operal a dinner party and display
hosted by Italian jewellery orgenizations and the
Platinum Guild International. Beautiful jewels,
dresses and models! The overall theme was ‘Facing
the Future’ and every aspect of gemstones and
jewellery from the mine to the retail mall was
featured. There was something for everyone in this
superbly organized extravaganza — congratulations
and thanks to the GIA.

MEMBERS’ MEETINGS

London

On 2 July 1991 at the City Conference Centre, 76
Mark Lane, London EC3R 7]N, a Pear! Evening
was held. Mr Alan Jobbins gave an illustrated
lecture on pearls, followed by reports from Nicholas
Sturman on pearl testing by X-rays and Alan Clark
on the newly devised Pearl Quality Report.

Midlands Branch

On 20 Sepiember 1991 at Dr Johnson House,
Bull Street, Birmingham, z talk was given by Mr
E Deitch of Mikimoto entitled ‘Pearis’

North West Branch

On 18 September 1991 at Church House,
Hanover Street, Liverpool 1, Dr J. Franks gave an
illustrated lecture on the Smithsonian Museum.
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FORTHCOMING MEETINGS

London
3-4 November 1991 Conference and Presentation of Awards

Meetings will be held at the City Conference Centre, 76 Mark Lane,
London EC3R 7]JN, on the dates set out below. Full details and topics of
lectures will be circulated prior to each meeting.

Tuesday 28 January 1992
Tuesday 10 March 1992
Wednesday 13 May 1992
Tuesday 9 June 1992
Tuesday 24 November 1992

Midlands Branch
Meetings to be held at Dr Johnson House, Bull Street, Birmingham.
Further details from David Larcher on 021 554 3871.

15 November 1991 Mr J. Gosling. ‘The Guyana Lapidary Project’

17 January 1992 Members’ practical evening

21 February 1992 Mr Clive Burch. (Subject to be announced)

20 March 1992 Mr David Callaghan. {Subject to be announced)
10 April* 1992 Annual General Meeting followed by lecture

* NB. This meeting has been arranged for the second Friday of the month
because of the Easter holiday.

North West Branch
Meetings to be held at Church House, Hanover Street, Liverpool 1. Full
details from William Franks on 061-928 1520.

20 November 1991 Annual General Meeting

15 January 1992 David Pelham. ‘On small gold mines’

19 February 1992 Helen Fraquet. ‘Amber’

18 March 1992 Dr Jeff Harris. ‘An aspect on diamonds’

17 June 1992 ‘Exchange and Mart’ Buying and selling of
books, crystals and instruments, plus social
evening

16 September 1992 Adnan Klein, ‘Emerald’

21 October 1992 Dr Jamie Nelson. ‘Optical attributes of a
diamond’

18 November 1992 Annual General Meeting
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GEM DIAMOND EXAMINATION 1991
In the 1991 Gem Diamond Examination 28
candidates qualified. The names of the successful
candidates are as follows:
Ann M. Allnutt, Chislehurst.
Jose Miguel Bernad Soria, Zaragoza, Spain.
Gloria Blanch Papaceit, Barcelona, Spain.
Liza Bovadjian, London.
Anna Brooks, Watford.
Jose Antonio Casa Royo, Alfaro (La Rioja), Spain.
Ivan L. Charatan, Hackney.
Bruce J. Copestick, Harpenden.
Caroline E. Findlay, Edinburgh.
John Mainwaring Henry, Bolton.
David . Hollanders, Maidenhead.
Yvonne Holton, Edinburgh.
Ana Ma Lopez Gracia, Barcelona, Spain.
Blancanieves Luzondo Olea, Tolosa (Guipozcoa),
Spain.
Eduardo Mereno Rastrero, Logrono, Spain.
Brigitte C.E. Pfeiffer, London.
Trevor Rackley, Northampton.
Anna Ma Ruiz Domenech, Torredembarra, Spain.
Ahad Sayed, Breniford.
Louise Shafar, Glasgow.
Fatehchand Jivanlal Shah, London.
Evelyn Sim, Singapore.
Lesley Skinner, Stenhousemuir.
Stephen Spencer, Nottingham.
Kevin. G. Willtams, Edinburgh.
Nean E. Wilson, Longniddry.
Michael Wright, Warford.
Mei Wan Wu, Harlow.

EXAMINATIONS IN GEMMOLOGY 1991

The 1991 Gemmology examinations were held at
62 centres in 26 countries throughout the world.
552 candidates sat the Preliminary Examination of
whom 341 {61%) qualified and 429 candidates sat
the Diploma Examination and 211 (48%) qualified,
17 with Distinction.

In the opinion of the Examiners, no candidate
achieved the high standard required to warrant the
award of the Tully Medal.

The Anderson/Bank Prize for the best non-irade
candidate of the vear in the Diploma Examination
has been awarded to Peter J. Wates of Coulsdon,
Surrey.

The Diploma Trade Prize for the best Diploma
candidate of the year who derives his main income
from activities essentially connected with the Jewel-
lery trade has been awarded to Anura S. Edirisuriya
of Dickwella, Sei Lanka.

The Anderson Medal for the best candidate of
the vear in the Preliminary Examination has been
awarded 10 Wun Mo Seong of Daejon, Korea,

The Preliminary Trade Prize for the best Pre-
liminary candidate of the year under the age of 21 a1
Ist June 1991, who derives her main income from
activities essentially connected with the trade has
been awarded to Anne Margaret Bailey of Rugby.

DIPLOMA

Qualified with Distinction

Ma Ester Alvarez-Palacios, Salinas (Asturias),
Spain.

Rene Gerard de Winter, Amsterdam,
The Nethertands.

Anura §. Edirisuriya, Dickwella, Sri Lanka.

Linda Lee Galloway, Hong Kong.

Rafel Ginebra i Molins, Vic, Spain.

Virginia Hogguer, Alphen aan den Rijn,
The Nethertands.

Sandra J. Keating, Willowdale, Ont., Canada.

Alec J. Mason, Retford, Nottingham.

Rajendra A. Pattni, Nairobi, Kenya.

Simon Schmidi, London.

Carolyn L. Stewart, Hong Kong.

Stig E. Sundin, Bergen, Norway.

Peter ]. Wates, Coulsdon.

Alison D. Williams, Abinger Common.

Hong Chung Wong, Hong Kong.

Qinfang Xue, Wuhan, China.

Mingxing Yang, Wuhan, China.

CGualified

Arlan R. Abel, Minneapolis, Minn., USA.
Suzanne Adams, Sutton.

Christopher Amo, Williamsville, N. Y., USA.
Evangelia Anastassiou, Maroussi, Greece.
Ekaterim Andersson, Athens, Greece.
Alexander Arbisman, Selsdon.

Henry N. Atkinson, L.ondon.

Sang-Duk Bae, Seoul, Korea.

Lisa J. Bailey, Birmingham.

Aristea Bakayianni-Sabou, Athens, Greece.
Chantal Ball Edwards, Cheltenham Spa.
Claire A. Barrart, Gillingharmn.

Frieda McNaughton-Bascombe, Hong Kong.
Vassilis Bassioudis, Thessaloniki, Greece.
Spencer Benham, Isle of Man.

Colette A Bensimon, London.

Benoit Bouvier, Cornwall, Ont., Canada.
Heather K. Boyd, Manchester.

Michelie A. Bradley, Norwich.

Anna Brooks, Watford.

Corrall E. Cage, London.

Daniel Waite Campbell, Bedminster.

Amalia Campomanes Eguiguren, Alicante, Spain.
Begona Campos Novergues, Valencia, Spain.
Andres Candela Alcover, Valencia, Spain.
Bonnie $. K. Chan, Hong Kong.
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Chi Keung Raymond Chan, Hong Kong.
Nga Yee Chan, Hong Kong.
Mahaveer Singh B. Chauhan, Jaipug, India.
Kit Ling Connie Cheng, Hong Kong.
Sinz Hing Cheng, Hong Kong.
Roy Shuk-Hung Chiu, Hong Kong.
Kam King Chow, Hong Kong.
Ourania Christaki, Volos, Greece.
Terence Y. W, Chu, Hong Kong.
Suchera M., Chudawala, Bombay, India.
Tsz Kin Chung, Hong Kong.
Tony Cipriani, St Laurent, Quebec, Canada.
Sarah E. Clifton, Birmingharn.
Janette M. Colborne, Brisbane, Qld., Australia.
Mark A. Colingwood, Bradford.
Stephanie Collins, New Malden.
Ian Combe, Haddington.
Martha ¥ Alessandro, Rio de Janeiro, Brazil.
Gamini De Silva, London.
PV.D.PR.E Neelamanee De Silva, Moratuwa,
Sri Lanka.
Swart G. Dennis, London.
Ahsha Devnani, Kuala Lumpur, Malaysia.
Pabloe Dhir, Nairobi, Kenya.
Setu Hasmukh Doshi, Bombay, India.
Valerie 8. Egner, London.
Dora Pang English, Hong Kong.
George G. Evangelou, London.
Deborah Everest, Aldershot.
Carita L. Falck, Helsinki, Finland.
Lucia Ferrer Mas, Alicante, Spain.
Robert H. Fixter, Lincoln, Nebr., USA.
Sara E. Flint, Leeds.
Pui Man Foo, Hong Kong.
Brenda C. Foster, St. Albans.
Neil Franklin, Newcastle-upon-Tyne.
David E. Fromming, Aylesbury.
Hideali Fukunshima, Tokyo, Japan.
Chung Min Newson Fung, Hong Kong.
Bauke G. Gaastra, Leiden, The Netherlands.
Lal Gajadeera, Boralesgamuwa, Sri Lanka.
Robert Ben-rong Gau, Taipei, Taiwan, China.
Elizabeth Georgiadow, Volos, Greece.
Maria K. Ghisi, Athens, Greece.
Sophia Gofa, Athens, Greece,
Enrique Gomez Lopez, Zaragoza, Spain.
Miranda ]. Grant, Edinburgh.
Alan A Green, Kidlingten.
Christopher M. Green, Slough.
Rajasinghe S. Gunasekara, Colombo, Sri Lanka.
Whai Ming Ha, Kowloon, Heng Kong.
Rebecca Mary Anne Hare, Fleet.
Adrian L. Hendry, Stansted.
Peter G.A. Hobbs, Lavenham.
Elisabeth G. Hoogendoorn, Houten,
The Netherlands. :
Charlotte T. Hunter, Northampton.
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Jacqueline Ichniowski, Ellicott City, Md., USA.

Yuko Ito, Kanagawa-ken, Japan.

Neerja Jain, Birmingham.

Thomas Ake Jakobsson, Huddinge, Sweden.

Cynthis C.V. Jameson, Bethesda, Md., USA.

Bindu Kejriwal, L.ondon.

Abdul Jabbar Khan, Bombay, India.

Priti Khimji, London.

Andree Killias, Hong Kong.

Hiroyuki Kimura, Tokyo, Japan.

Margaret A, King, Isle of Lewis.

Pik Sim Kwan, Hong Kong.

Mui Lak Margaret Lai, Hong Kong.

Jose Lajara Lopez, Valencia, Spain.

Radka Lalovska-Koundourou, Athens, Greece.

Kwong KiLam, Hong Kong.

Christina Keturah Lam-Pakstun, Brisbane, Qld.,
Australia.

Yan Wah Glady Lau, Hong Kong.

Mee Sim Lucia Maisie Lau, Hong Kong.

Carl Laurie-Lynch, Birmingham.

Padraic Lavin, Ballaghaderreen, Eire.

Isabelle Leblans, Outignies, Belgium.

King To Lee, Hong Kong.

Mary EA, Lee, Addlestone.

Annette I Lehnert, Tiefenbach, Germany.

Janine Lentz, Veenendaal, The Netherlands.

Wing Sum Leung, Hong Kong.

Kam Yui Dick Li, Hong Kong-

Shangl. Liu, Hong Kong-

Mo Yu Lo, Kowloon, Hong Kong.

Ann Denise Long, Colchester,

Kok On Loong, Butterworth, Malaysia.

David C. McConnachie, Glasgow.

Katsuya Maeda, Kakogawa-shi, Japan.

Wing Han Windy Mak, Hong Kong.

Carina Manjavacas Canego, Barcelona, Spain.

Jamies Gerard Mansfield, London.

.Susana Marti Muntane, Barcelona, Spain.

Jacqueline N. Machieson, Edinburgh.

Hiroshi Matoba, Nara-City, Japan.

Lisa Matthews, London.

Shilpa Mehra, London.

Reshma Mehta, Hong Kong.

Azmet E Merchant, Bommbay, India.

Mark Michailat, Shipley.

Beverly Mitchell, London.

Silvia Molera Reig, Barcelona, Spain.

Junko Mort, Hyogo Pref, Japan.

Stephanos Mourogiannis, Athens, Greece.
Hilda May-Mei Mueller, Karlsruhe, Germany.
Chee Keong Ng, Hong Kong.

Tahmineh Nikookar, West Vancouver, Canada.
Theresa A. Nolet, Sault Ste Marie, Ont., Canada.
Felipe Ortega Pino, Valencia, Spain.

" Mamike Qura, Tokyo, Japan,

Shing Chung Dominic Pang, Hong Kong.
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Roy John Pasini, N. Olmsted, Ohio, USA.
Pankaj Patel, London.
Sharon M. Peers, London.
Keith Penton, London.
Ma Angeles Pi Gregorio, Barcelona, Spain.
Richard J. Pool, York.
Cecilia Pople, Guildford.
Claire A. Redgrove, Selsey.
Janine Reimers, Johannesburg, S. Africa.
(Lesley)Clare Rigby, Bolton Abbey.
Ma Paz Roca Tudela, Valencia, Spain.
John W.8. Rogers, Stroud.
Neva Devi Rohmer, Hong Kong.
Alan F Rowlands, Calgary, Alta., Canada.
Samuel J. Sabbagh, London.
Steven E. Sabbagh, London.
Tarja Aulikki Salmi, Helsinki, Finland.
Ramon SanabwjaiRibo, Barcelona, Spain.
Jeannine Sanchez Comerma, Alicante, Spain.
Elisenda Santacreu Rull, Lleida, Spain.
Judy Shalvi, Hong Kong.
Yasushi Shinjo, Osaka, Japan.
Charlotte R. Simmons, Huntingden, Md., USA.
Riita M. Spencer, Helsinki, Finland.
Hirofumi Takane, Toshimo-ku, Tokyo, Japan.
Mari Takeda, Tokye, Japan.
Carol 8. Tamblin, Liskeard
Ay Lin Tan, Penang, Malaysia.
Takako Tanigaki, Osaka City, Japan.
Andrey Tees, Glasgow.
Lucilla Thomas-Everard, London.
Sui Ching Tsang, Hong Kong.
Miwako Tsuda, Takarazuka City, Japan.
Kazug Tsurita, Osaka, Japan.
Ma Vicroria Uriarte Terol, Alicante, Spain.
Ma Victoria Uribe Molto, Alicante, Spain.
Hester van den Haak, Krimpen A/D Yssel,

The Netherlands.
Michael J. Vaughan, Budleigh Salterton.
Vivianne M. M. Veenemans, Arnhem,

The Netherlands.

Marco Vesters, s"Hertogenbosch, The Netherlands.

Mark Waller, Bradford.

Keith Walter, Peebles.

Simon J. Washbrook, Manchester.

Caron J. Wasserman, London.

Karthleen Webster, London.

Lizanne Welch, Taunton.

Andrew Wells, Banstead.

Eddy Wenting, Wehl, The Netherlands.
Siu Por Wong, Hong Kong.

Kit Yee Kitty Yeung, Hong Kong.
Machiko Yonehara, Hyogo Pref, Japan.
Marie-Claire M. Zander, Sao Paulo, Brazil.
Rafal Zebrowski, Toronto, Ont., Canada.
Linxia Zhang, Wuhan, China.

Fan Zhang, Wuhan, China.
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Xinmin Zhao, Wuhan, China.
Johannes C. Zwaan, London.

PRELIMINARY

Qualified
Veli Sakari Aalto, Nairobi, Kenya.
Erling Skaar Aasen, Molde, Norway.
Sheik Rashid Ahmed Al-Kalifa, Bahrain.
Pedro A. Alcolea Rubio, Cartagena, Spain.
Nick Aldridge, Gravesend.
Julie A. Alford, Taunton.
Debra Arden, Ashton under Lyne.
Michael ]J. Armstrong, Whitley Bay.
In-Ryul Bae, Seoul, Korea.
Jin Yee Back, Dacjon, Korea,
Vinod K. Baid, London.
Anne M. Bailey, Rugby.
Maj-Britt Baker, Hove.
Frederik C.S. Bakker, Zwaagdijk,
The Netherlands.
Pamela J. Ball, Hong Kong.
Michelle Banks, Exeter.
Frieda McNaughton-Bascombe, Hong Kong.
David A. Beavan, Bournemouth.
Victoria L. Bedwell, London.
Michelle L. Bellamy, Swansea.
Ma Dolores Belmonte Monino, Murcia, Spain.
Maria Benissi, Athens, Greece.
Deli A. Boerema, Beek en Donk, The Netherlands.
Cristian Bou Dominguez, Castellon, Spain.
Christine L. Bradford, Hassocks.
Nikki Bradford, Hassocks.
Antonio Brenes Lanza, Valenciz, Spain.
Jordi Bruguera De La Pena, Barcelona, Spain.
Susan M. Buncher, Tai Po, NT, Hong Kong.
Denis Burrow, Gravesend.
Jae Kyoung Byun, Seoul, Korea.
Beverley A. Capper, Paignton.
Swart M. Carter, Bristol.
Rafael Casal Bordes, Valencia, Spain.
Seung Yuen Samuel Chan, Hong Kong.
Wai Pin Chan, Hong Kong.
Kwai Hing Chan, Hong Kong.
Kwei Wing Fion Chan, Hong Kong.
Nga Yee Chan, Hong Kong.
Chan Siu Lily Chan, Hong Kong.
Hang Chau, Hong Kong.
Shun Chung Chau, Hong Kong.
Susannah Chenevix-Treach, Hong Kong.
Pin Hoo Clreng, Hong Kong.
Chi Ho Cheung, Hong Kong.
Kam Kwan Cheung, Hong Kong.
MeiPing Liann Cheung, Hong Kong.
Laura Chiampesan, London.
Oi Han Esther Chin, Hong Kong.
Hang Sun Cho, Daejon, Korea.
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Kyu Hyeon Cho, Dacjon, Korea.

Yong-Sang Cho, Seoul, Korea,

Dong-Geun Choi, Seoul, Korea.

Kyung Sug Chej, Kwangju, Korea.

Meyeoung Yeoung Choi, Daejon, Korea,

Seog Hoon Choi, Kyungju, Korea.

Sook Kyong Choi, Pusan, Korea.

Pui Wing Choi, Hong Kong.

Chun Hung Chow, Hong Kong.

Shui Wah Chow, Causeway Bay, Hong Kong.

Lai Ying Chow, Hong Kong.

Wai Mui Chow, Hong Kong.

Philip [. Chown, Sevenoaks.

Helen E. Christian, Bolton.

Josephine A. Clayten, London.

Joseph Connelly, Edinburgh.

Carolyn Cooper, Hong Kong.

Ann Cordery, London.

Chusri Cox, Hove.

Jeremy P Crabbe, Hong Kong.

Marta Crespo Vilaro, Barcelona, Spain.

Virginia Gai Cullen, Nairobi, Kenya.

DeeDee Cecilia Cunningham, Toronto, Ont.,
Canada.

Nita Darvanani, Hong Kong.

Frederic P2 Daubechies, London.

Bryn Day, Oldham.

Kees de Boer, Beek (Ubbergen), The Netherlands.

Laurenria Melissa de Jongh, The Hague,
The Netherlands.
Luisa De La Torre Lopez, Tarragona, Spain.
Asha Devnani, Kuala Lumpur, Malaysia.
Rosemary O. Dharmaratne, Colombo, Sri Lanka.
Birgit W. M. Doesborg, Schoonhoven,
The Netherlands.
Setu Hasmmukh Doshi, Bombay, India.
Lucy N. Downing, Fulham, London.
Alison Earnshaw, Tanbiidge.
Siripala Edirimannege, Colombo, Sri Lanka.
Michelte L. Embtleton, Basildon.
Gail Emslie, Hong Kong.
Nora Engel, Geneva, Switzerland.
John W Faithfull, Leicester.
Joaquim Falco Rovira, Llanca, Spain.
Charoulla Fantis, Bethnal Green, London.
Abigail A. Farley-Howson, Aylesbury.
Juan J. Fernandez Jativa, Alicante, Spain.
Marisa Fernandez Perez, Barcelona, Spain.
James Clark Fecnbach, Schenectady, New York,
USA.
H.¥/]. Fleuren, Polsbroek, The Netherlands.
Melissa Friedland, Omaha, Nebr., USA.
Suzy Fry, London.
Mary Mei Ling Fu, Hong Kong.
Ho Cheuk Fung, Hong Kong.
Arlen Der Garabedian, Hackney, London.
Pilar Garrigosa Laspenas, Barcelona, Spain.
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Noel R. Geoghegan, Wellesbourne,

Anastasis L. Georgiou, Famagusta, Tricomo,
Cyprus.

Stavros Georgiou, Lefkara, Cyprus.

Rafel Ginebra i Molins, Vic, Spain.

Valerie J. Goddard, Alford.

Francis G. Gray, Edinburgh.

Janette E Green, Binley, Coventry.

Pauline Groeneveld, Giessenburg,
The Netherlands.

Ilse C. Grondahl, Helsinki, Finland.

Yu Guimei, Wuhan, China.

Winfried Gurmannsbauer, Allschwil, Switzerland.

Wai Ming Ha, Kowloon, Hong Kong.

Sabine Haberli, Bottmingen, Swiizerland.

Andrew D. Haigh, Nettleham.

Ingvald Harkestad, Bergen, Norway.

Richard ]. Harris, Carlisle.

Orit N. Hayes, Manchester.

Jennifer V. Henricus, Hong Kong.

Suzanne C. Hicks, Yardley, Birmingham.

Po Mi Avis Ho, Hong Kong.

Jeung Hee Hong, Taegu, Korea.

Xie Hongzhi, Wuhan, China.

Sadayuki Hoso, Osaka City, Osaka, Japan.

Mark Hudson, Ickenham.

Helen 8. Hughes, London.

Chak Lun Hui, Hong Kong.

Stephen J. Humphreys, Biggin Hill, Westerharn.

Kyu-Young Hwang, Seoul, Korea.

Mi Hee Hwang, Daejon, Korea.

Soon Sun Hwang, Pusan, Korea.

Hiroyoshi Ishida, Takatsuki, Osaka, Japan.

Takeshi Iwata, Hyogo Pref, Japan.

CynthisC.V. Jameson, Bethesda, Md., USA.

Myung Won Jang, Seoul, Korea.

D.A. Jayvananda, Colombo, Sri Lanka.

Steven L. Jordan, Boston,

Julia Kalinin, Ealing, London.

Che Mei Kam, Hong Kong.

Hyun Sook Kang, Daejon, Korea.

Joo-Yeun Kang, Seoul, Korea.

Kyung Sil Kang, Pusan, Korea.

Kiron Kapila, Nairobi, Kenya.

Niilo Karkkainen, Espoo, Finland.

Sandra J. Keating, Willowdale, Ont., Canada.

Chen Kesheng, Wuhan, China.

Hee Souk Kim, Chonan, Korea.

Hei Jong Kim, Seoul, Korea.

Jee Sue Kim, Daejon, Korea.

Jong Pil Kim, Daejon, Korea,

Myoung Sub Kim, Taegu, Korea,

Aposiolia Kiroudi, Athens, Greece.

Jacoba E. Klaassen-de Ruiver, Waddinxveen,
The Netherlands.

Garfield D, Kneebone, Penzance.

Anya K. Koetsier, London.
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Peter A. Kohn, Oxford.

Sarah Joy Ku, Hong Kong.

Leena Kuumola, Steckholm, Sweden.

Chi Ming Kwan, Hong Kong.

Ho Taeg Kwon, Pusan, Korea.

Anna-Maiji Lahtela, Hamina, Finland.

Tim Mui Lai, Hong Kong.

Sai Mui Lai, Hong Kong.

Y1Qi Lai, Hong Kong.

Tuowvi Tellervo Laiu, Lahu, Finland.

Pun Ho Lam, Kowloon, Hong Kong.

Ka Loi Celine Lam, Hong Kong.

Suet Lai Lam, Hong Kong.

Yik Him Lam, Hong Kong.

Bernard Lang, Basel, Switzerland.

Barry Larkins, London.

Jorgen Larsen, Lannavaara, Sweden.

Hok Keung Lau, Hong Kong.

Ying Chi Law, Hong Kong.

So Sum Angelina Jessica Law, Hong Kong.

Isabelle Leblans, Ottignies, Belgium,

Hyeon Jin Lee, Dacjon, Korea,

Hyung Jeong Lee, Daejon, Korea.

Siu-Kuen Lee, Kowloon, Hong Kong.

Sook Jin Lee, Daejon, Korea.

Sun Sook Lee, Daejon, Korea.

Yong Woo Lee, Dacjon, Korea.

Young Mee Lee, Daejon, Korea.

Ossi A. Leinonen, Viantie, Finland.

Michael TY. Leung, Hong Kong.

Man Tai Raymond Leung, Hong Kong.

Lai Ping Leung, Hong Kong.

Aggeliki Leventopoulou, Kalamaki, Athens,
Greece.

Shek Kee Li, Hong Kong.

Soung Taek Lim, Seoul, Korea.

Ravindranath Livanage, Colombo, $ri Lanka.

Mo Yu Lo, Kowloon, Hong Kong.

Sara Anne-Marie Lodge, Birmingham.

Kok On Loong, Butterworth, Malaysia.

Roberto Lopez De Alda-Saez, Tarragona, Spain.

Angel Manel Lopez i Calvo, Reus (Tarragona)
Spain.

Cho Lin Arlene Luke Ting, Hong Kong.

Jane E Luxton, Bath.

Edward ]J. McCarthy, Cambridge.

Malini P McDonald, Tampa, Fla., USA.

Suzanne M. McDonald, Edinburgh.

Neil Reid McFarlane, Alloa.

Jane Mcllleron, Bedfordview, S. Africa.

Jonathon N. McLelland, Bradford.

Janet E. McQueen, Lurgan, Co Armagh.

Chris M. Makoundoul, Stockholm, Sweden.

James G. Mansfield, London.

Luis Fernande Martinez Caravaca, Barcelona,
Spain.

Juan Carlos Martinez Vela, Jumilla, Spain.

511

Stephen R. Mason, Birmingham.

Shilpa Mehra, London.

Reshma Mehta, Hong Kong.

Aiden Melarkey, Northampton.

John J. Melinn, London.

Samuel P Meza, Glasgow.

John O. Mitchell, Istanbul.

Shuji Morikawa, Osaka City, Osaka, Japan.

Ma Dolores Morille-Verlarde Taberne, Barcelona,
Spain,

Brian A. Morris, Oswestry.

Kyung Ju Na, Dagjon, Korea.

Liisa Nevalainen, Espoo, Finland.

Frances Newman, London.

Soon Hoh Ng, London.

Kwok Yin Ng, Hong Kong.

Tahmineh Nikookar, West Vancouver, BC, Canada,

Theresa A. Nolet, Sault Ste Marie, Ont., Canada.

Anthony L. O°Shea, Ruislip.

Graham A. Oakley, Wrangbrook, Pontefract.

Gemma Oldfield, London.

Ma Isabel Olias Pertusa, Barcelona, Spain.

Maung Thein Lwin Oo, Singapore.

Michele J. Orsi, London.

Antonio J. Ortega Marin, Cieza, Spain.

Bing Pang, Hong Kong.

Kyung Ok Park, Seoul, Korea,

Mi Kyeong Park, Pusan, Korea.

Jagdish Ishverbhai Patel, Wimbledon, Londoen.

Rekha Mahesh Patel, Nairobi, Kenya.

Rajesh Jamnadass Partni, Eldoret, Kenya.

Andrea Pawlyna, Hong Kong.

Elise E. Peios, Kingswood.

Monica Pereda Soler-Cabot, Barcelona, Spain.

Rosa Maria Perez Merchante, Valencia, Spain.

Maria Perpina Bomboi, Valencia, Spain.

Cecilia Pople, Guildford.

Jagdish Prajapati, London.

Susanne L. Preece, Trowbridge.

Louise C. Prior, London.

Graham S. Proffitt, Liverpool

Julian Read, Goole.

Keith C. Reffell, Barnhurst.

Paul R. Rietveld, Bergen Op Zoom,
The Netherlands.

Claudia J. Rijkeljkhuizen, Bosch en Duin,
The Netherlands.

Chantal Rochat-Huguenin, Lausanne, Switzerland.

Franklin Rodriguez Ortiz, London.

Aarto Roppanen Tohmajarvi, Finland.

Ma Teresa Ros Gonzalez, Barcelena, Spain.

Ramon Rossell Ma Andorra La Vella, Spain.

John T. Rossiter, Weston-Super-Mare.

Ignasi Rubio Barris, Girona, Spain.

Kyveong Won Ryu, Dacjon, Korea.

Ali Mohammed Safar, Bahrain.

Francesc Sancho Montserrat, Saut Bol de
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Llobregat, Spain.
Jose Luis Santolaya, Barcelona, Spain.
KatjaC. Schneider, East Twickenham.
Tay Sun See, Hong Kong.
Joung Hee Seo, Daejon, Korea.
Wun Mo Seong, Daejon, Korea.
Clara Ma Serra Molla, Valencia, Spain.
Nuria Serret-Pinacho, Barcelona, Spain.
FKul Bhushan Sharma, Lusaka, Zambia.
Hyun Kwon Shin, Daejon, Korea.
Wai Chung Siu, Hong Kong.
Cornelis Slui, Krimpen A/D Ijssel,
The Netherlands.
Brendon James Smith, Swindon.
Chak Tong Anthony So, Hong Kong.
Jeong Sun Sohn, Seoul, Korea,
Gary Spanbok, London.
Riita M. Spencer, Helsinki, Finland.
Robert J. Stainton, Edinburgh.
Nick Stamatiadis, Athens, Greece.
Jonathon P, Stoner, Bradford.
Elizabeth Strachan, London.
Josephine Stuifzangd, Tivello, The Netherlands,
Hideko Sugihara, ©saka, Japan.
Ay Lin Tan, Penang, Malaysia.
Kati Tarma, Helsinki, Finland.
MaijaClarissa Te Velde, Langerak,
The Netherlands.
Elizabeth Thompson, Leeds.
Bjorn T. Thorbjornsen, Bergen, Norway.
Johanna H. Thuis, Schoonhoven,
The Netherlands.
Maria M. Tiitikainen, Ireland.
Sebastia Timoner Espuga, Terrassa, Spain.
Darren M. Topham, Brighton.
Peter ].B.C. Travis, London.
KiLun Allan Tsang, Hong Kong.
Wai Mo Tse, Hong Kong.
On Na Anna Tse, Hong Kong.
Kwok Wing Tse, Hong Kong.
Maria Tsipoura-Vlachou, Athens, Greece.
Keith A. Tucker, Ilkiey.
William ]J. Tucker, Douglas, Isle of Man.
Lonneke van der Hulst, Krommenie,
The Netherlands.
Geertruida J. Van Hillo, Almere-Buiten,
The Netherlands,
Simone J.C. Van Keulen, Amsterdam,
The Netherlands.
Hans T. Van Lamoen, Hertogenbosch,
The Netherlands.
Lorraine Van Papen, Guildford.
Vasso Vassilakou, Athens, Greece.
John Vaughan, London.
Michael Vaughan, Whitby, Ellesmere Port.
Alida J. Velthoven, Uven, The Netherlands.
Miguel Angel Vila Llopis, Alzira (Valencia), Spain.
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Errol J. Walker, Oldham.
Simon J. Washbrook, Manchester.
Caron J. Wasserman, London.
Maria ]. Weisenborn, Den Bosch,
" The Netherlands.
Isabel H. White, Tunbridge Weils.
Cas Jelle Wiebinga, Amsterdam, The Netherlands.
Angelique C. Wijne, Schoonhoven,
The Netherlands.
Catharina A.H. Winkelmolen, Schoonhoven,
The Netherlands.
Man Yee Bess Wong, Kowloon, Hong Kong.
Ming Kin Wong, Hong Kong.
Miu Wan Mueller Wong, Hong Kong.
Jei-Sung Woo, Seoul, Korea.
Bik Yee Liza Woo, Hong Kong.
Yin Yung Wu, Hong Kong.
Zhang Yabin, Wuhan, China.
Young Mee Yi, Daejon, Korea.
SoYing Yin, Hong Kong.
Yoichi Yoshikawa, Kobe-shi, Hyogo Pref, Japan.
Byeong Mi Youn, Seoul, Korea.
Kwai Lan Catherine Yu, Hong Kong.
Chai Hung Teresa Yuen, Hong Kong:
Sun Ki Yun, Seoul, Korea.
Tak Yi Yung, Hong Kong.
Fabrizia Zanetun Barbin, Geneva, Switzerland.
Rafal Zebrowski, Toronto, Ont., Canada.
Liu Zhao, Wuhan, China.
Johannes C. Zwaan, London.

MEETING OF THE COUNCIL OF
MANAGEMENT
At a meering of the Council of Management held
on 12 June 1991 at E.A. Thomson (Gems) Ltd,
Chapel House, Hatton Place, London ECIN 8RX,
the business transacted included the election to
membership of the following:

Fellowship
Fan, Siu-Kam, Kowloon, Hong Kong. D.1989
Kangas, Anne K., Helsinki, Finland. D.1990.

Ordinary Membership

Cautell, Nicla M.L.V., Kettering.

Corbett, John A., Edgbaston.

Daryanani, Nita, Hong Kong.

Emmeit, John L., Pleasanton, Calif., USA.
Pakzad, Mohammad A., London.
Parkinson, Frederick, Leighton Buzzard.

At a meeting of the Council of Management held
ont 17 July 1991 at 1 Burlington Gardens, London
W1X 2HE the business transacted included the
election to reembership of the following:



]. Gemm,, 1991, 22, 8

Fellowship
Revelietis, Christos, Athens, Greece. D.1990.

Ordinary Membership

Ben-Zui, Eitan, London.

Cartet, Stmart M., Bristol.

Cerins, Andris, Cambridge.
Comersford, Jessie, Alexandria, Egypt.
Grossman, Julie E, Hounslow.
Gunasekara, S., Boulder, Colo., USA.
Halai, Amy, Solihull.

Kassam, Sultan M., London.
Koundourou, Ratka, Athens, Greece,
Prajapati, Jagdish, London.

At a meeting of the Council of Management held
on 21 August 1991 at 27 Greville Street, London
ECIN 88U, the business transacted included the
election to membership of the following:

Ordinary Membership

Berreux, Cedric, La Chaux-de-Fonds, Switzerland.

De Granville, Francesca, Oklahoma City, Okla.,
USA.

Denson, Keith, Oldham.

Fox, Rosemary T., Brighton.

Gautama, Surinder, Iiford.

Milne-Buckley, Deborah J., Chertsey.

Salama, Susan E, Beckenham.

Schlussel, Joseph L., New York, NY, USA.

Thorbjornsen, Bjorn T., Bergen, Norway.

Tillakaratne, Adikari M.N.K., Kano, Nigeria.

Transfers - FGA to FGA, DGA

Allnuet, Ann M., Chislehurst. D. 1962,
Bovadjian, Liza A., Heston, D.1989.
Charatan, Ivan L., London, D.1990,
Copestick, Bruce J., Harpenden. D.1990.
Findlay, Caroline E., Edinburgh. D.1988.
Henry, John M., Bolton D.1990.
Hollanders, David ]., Nelson. [).1990.
Holton, Yvonne, Edinburgh. I».1986.
Pfeiffer, Brigitte C.E., Isleworth. D.1989.
Rackley, Trevor, Brackley. D.1990.
Shafar, Louise, Eaglesham. [3.1990.

Sim, Evelyn, London. [.1990.

Skinner, Lesley, Stenhousemuir. D.1990.
Spencer, Stephen R., Woodborough. D.19%0.
Williams, Kevin G., Edinburgh. D.1983.
Wilson, Nean E., Longniddry. D.1990.
Wright, Michael J., Watford. D.1990.

Transfers — Ordinary Membership to Diamond
Membership

Blanch, Gloria, London.

Brooks, Anna T., Watford.

Sayed, Ahad, Brentford.

Shah, Fatechand §., London.

Wu, Mei W, Harlow.
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MEETING OF THE TRADE LIAISON
COMMITTEE
At a meeting of the Trade Liaison Committee
held on 4 July 1991 ac 87 Hatton Garden, London
EC1, the business transacted included the election
1o membership of the following:
Gold Laboratory Membership
Roselaar & Co., c/o LDB, 100 Hatton Garden,
London ECIN 8NX.
Bernard Schipper BV, Kalverstraat 36-38, 1012 PD
Amsterdam, The Netherlands,
Richard Shepherd & Co., Suite 123, 100 Hatton
Garden, London ECIN 8NX.

Ordinary Laboratory Membership
Charles Mathews (Lapidaries) Ltd., 7 Hatton
Garden, London ECIN 8AT.

QKENT-INSTITUTE
NOFART-&DESIGN

GEMMOLOGY

AT KIAD ROCHESTER

We run a two-year part-time theoretical
and practical course in preparation for
the Diploma Examination of the
Gemmological Association of Great
Britain.

At the end of the first year of study,
the student will sit the preliminary
examination. The successful candidate
can then prepare for the Diploma
Certificate and on obtaining this wili
then be eligible to become a Fellow of the
Gemmological Association (FGA).

For further information please contact
Christopher Chalk or Brinn Hill on 0634
830022 Ext 210, or Christopher Chalk at
home on 0227 70244.
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We look after all your insurance

PROBLEMS

For nearly a century T. H. March has buili an whether it be home, car, boat or pension plan.
outsianding reputation by helping peopie in business. We would be pleased 1o give advice and
As Lloyds brokers we can offer specially tailored quotations lor all your needs and delighted to visit
policies lor the retait, wholesale, manufacturing and your prernises if required tor this purpose, without
allied jewellery trades. Not only can we help you with obligation.
all aspects of your business insurance but we can For airee quotation ring Mike Ward or Jim Pitman
also take care of all your olher insurance problems, on 07 1-606 1282

L1 Merch anc o, Lo Yo il L e

London EC2Y 8AD, Telephone 071-606 1282 )(V

tloyd's Insurance Brokers
———




]. Gemm., 1991, 22, &

/\Pearls Coral Amber BeadNecklaces Carvings  Cameos - Mineral Specimens

~

Opal Prectous Tilpéz Ruby Star Ruby Sapphive Stor Sapphive Tourmaline

>

_\

The World of Gemstones g
‘_' -
L ] [ ]
Ruppenthal (U.K.) Limited

: »

Gemstone of every kind, cultured pearls, coral, amber, ivory, bead necklaces,
hardstone carvings, objets d’art, silver gemset jewellery, antique jewellery, | &
mineral specimens, mineral and gemstone study collections. N

We offer a first-class lapidary service.

We are also interested in purchasing any unusual gemstones, gemstone | m
necklaces, objets d’art, figurines, cameos, intaglios, antique jewellery from any £
period, antiquarian books of the gemstone industry etc. -
&
6 Warstone Mezws New London Showroom, | £
Wearstone Lane 3rd Floor, 20-24 Karby Street, '?.
Birmingham B18 6B Hatton Garden, London ECIN 8TS =
Tet: 021-236 4306 Tl 071-405 80686563 | &
Fax:§21-212 1995 Fax:071-8315724 =
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N /
</ Antigue Fewellery  Modern 18¢r and 9¢t Jewellery and All Gemstones \>

PRIMA STONES
KAYVAN PEARL COMPANY
Exporters, Importers & Manufaciurers of
Pearls,Diamonds and Precious Stones. SUPPLIERS OF PRECIOUS AND SEMI-
Specialist supplier in PRECIOUS STONES TO THE TRADE.
Genuine Natural, Oriental IMPORTERS OF FINE EMERALD,
Gulf Pearls, Necklaces, BOTH CUT AND UNCUT.
Dropshape, Button Shape. SPECIALISTS TO THE JOBBING
JEWELLER, SERVICES INCLUDE
Ask for our free cataloga
“Pearls-The Queen of Jewels” LAPIDIARY AND SETTING.
79 Dhmﬁﬁom;lth Floor, g::ntaria Bhaven, Prima House, 48 Roxburgh Terrace
Telephono: 32347981 35525.6110724 E{,‘;ﬂi’; B:fé'z??;s& Wear:

Telegram: ‘SMITESH®
Telefax; (9122) 8123914 Telephone and Fax: (091) 2514240
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GEMDATA - UPDATE 4

A computer program for gem identification and study
Now contains additonal diagnostic data on inclusions, spectra, pleochroism,

Now available in its fourth updated version, GEMDATA is compiled
in BASIC 7.1 and will run directly from MS-DOS on any IBM
PC-compatible computer. It is designed to help with both appraisal
identifications and gemmological studies.

An optional update of GEMDATA is available each year.

GEMDATA is supplied on either a 5V4-inch double-sided, double-
density disk, or a 3V2-inch disk, and contains the following sections:—

Gem and Crystal Identification from a databank of over 220 gems (now
with additional data on inclusions, spectra, pleochroism and
luminescence and treatments)

Gem Comparisons (side-by-side display of the constants and crystal
systems of selected gems, with additional data on inclusions, etc.).
Tables of RI and SG values. Gem Calculations (SG, reflectivity, critical
angle, Brewster angle and gem weight/diameter estimation)

The GEMDATA package, complete with disk, eperating notes and
gem index, costs £96.00 + VAT, postage and packing.

To order your package please use the coupon provided on p.518.

GEMMOLOGICAL INSTRUMENTS LTD
A division of The Gemmological Association and Gem Testing Laboratory of Great Brilain
27 Greville Street, London EC1N 8SU.,

Telephone: 071-404 3334 Fax: 071-404 8843
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s @linieerer

Precious stone merchants
- . also representing:
Morris Goldman Gems Lid.

Hatton Garden,

- Tel: 071-242 3181
Telex: 27726 THOMCO-G
Fax: 076-831 1776

O
Z
NN

E. A. Thomson (Gems) Ltd.

Chapel House, Hatton Place,
London ECIN 8RX, England.
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o
AL

O W

S OF TY\Q/

Museums,l Educational
Establishments
& Collectors

I have what is probably the largest range
of genuinely rare gemstones in the UK -
from Apophyllite to Zincite. Also rare
synthetics, i.e. Apatite, Scheelite,
Bismuth Germanate, Knischka rubies
and a range of Inamori.

Lists available
NEW LIST of inexpensive stones
suitable for STUDENTS

(Please send three first class stamps)

A.J. FRENCH EG.A.

Gem Dealer & Consultant
82 Brookley Road
Brockenhurst, Hants $O42 7RA
Telephone: 0590 23214

enesis

+ Leaders in gemmalogical education, specializing
in intensive tuition, from scraichto F.G.A.
Diploma in nine months. We can claim a very
high level of passes including Distinctions
amongst our students.

« We organize a comprehensive programme of
Study Tours for the student and practising
gemmologist, 1 areas of gemmelogical interest,
inclsding Antwerp, ldar-Obersiein, Sri Lanka
and Bangkok.

* Dealers in gemsiones and rare specimens for
both the studentand the collecior.

« Suppliers of gemmuological insiruments,
especially the world lamous QPL difiraction
grating speciroscope., logether with a range of
books and study aids.

For further details of these and other activities, please
comtuct—

Colin Winter, F.G.A., or Hilary Taylor, B.A.,
F.G.A., 21 GENESIS, 21 Wesi Sireet, Epsom,
Surrey KT18 7RL., England.

Tel: Epsom (03727142974,

Telex: 923492 TRFRT Gaun GENS.
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GEMSTONES TO STUDY, SET, REPLACE

SPECIMENS UNUSUAL, ODD, CURIOUS
AND INTERESTING

i

AND COLLECT R | E '
CUTS  OLD, ANTIQUE, FANCY SE v C ¢
AND STANDARD Gemstones and diamonds cut to your

su‘li?g:atl;!f:\flaeilcat[iﬂﬂty rare items and ;\:;nciral specimens in
INDWID':’AL SMALL SETS OF Valuations and gem testing carried out.
Comparison ;‘:‘lgu" simulants Mail order service available.
reference stones
R. HOLT & CO.LTD.
ENQUIRIES BUSINESS HOURS
TEL 071 839 7635/081 946 2495 98 Hatton Garden, London ECIN 8NX
Telephone 071-405 0197/5286
PERSONAL CALLERS .
ONLY BY APPOINTMENT Telex 21879 Minholt

PROMPT
LAPIDARY

specifications and repaired on our
premises.
Large selection of gemstones including

*1 use a colour/monochrome monitor

GEMDATA

A computer program for gem identification

The GEMDATA package by Peter Read is available through Gemmological
Instruments Limited at £96.00 plus VAT, postage and packing. Postal rates are as
follows: £3.50 UK and Eire; £4.00 Europe; £6.00 rest of the world.

Please supply ____ copies of the GEMDATA Package, with 5.25/3.5 inch disk*

*I enclose remittance £ /debit my credit/charge card (tick appropriate box)

aEy NnEE mjD
*Defere s apphicable
Card No. Expiry date
Name:
Address:
Post Code:

To: Gemmological Instruments Limited,
27 Greville Street, London ECIN 85U Tel: 071 404 3334 Fax: 071 404 §843
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Way Do 92 Counrnics Rean
Liapinagy JournavL?

Because whether you live in
England or Thailand, gemstones and minerals are

just as fascinating. And no other magazine covers the
gem and jewelry arts like Lapidary Journal.

Every month, you'll hear from the field’s top experts as they
report to you the latest discoveries in mineralogy and gemology.
Lapidary Journal takes you on gemstone expeditions, invites you into
studios of noted artisans, and then sets up shop in your own home
to teach you the most basic to the most revolutionary cutting and
jewelry making techniques. What's more, only Lapidary Journal intro-
duces you to over 450 suppliers and services that you can buy and order
through the mail.

If you collect, cut, or design jewelry with gems and minerals, you won't
want to miss another issue. Subscribe today by sending us your name and
address with payment to: Lapidary Journal, P.O. Box 124-JG, Devon, PA
19333. Your subscription is payable in U.S. dollars only.

$33 a year for surface mail
$65 a year for air mail

Includes our Internationally Acclaimed Annual Buyers’ Guide.

APIDARY

The World's Favorite Gemstone Magazine
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 ANNOUNCEMENT
Christopher R Cavey & Associates

Gemmologists, mineralogists and jewellery consultants

Have moved their premises from Bond Street to

Unit 177
Grays Antique Market

58 Davies Street
London W1Y 1AR

Telephone: 071-495 1743

' &

."\ o

gl

Dealers in
B;Uf?"ﬁﬁw the gem stones of
a a Best Ouality the world

Diamonds, Rubies,
Sapphires, Emeralds, and
most coloured gem stones

(4] .
o Pearls & Synthetics.
@%@ Calibrated Cut Stone & Mine Run Rough R M W
e L/ . L] ear
H.lp Sang Tradlng co & Company Linited
o 67 The Mount York, England, Y032 2AX
Champagne Arcade, Kimberley Road, Kowloon, Hong Kong Telephone DME-H2 1964, Telex: 57697 Yorvea.

Tel: 367 9747 Cable: “HIPSANGIEWL" Fax: 739 7654
Mailing Address: K.P.O. Box 96532, T.S.T. Hong Kong




Notes for Contributors

The Editors are 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
toany previous publication (whether in
English or another language) has been given,

(2)itis not under consideration for publication

elsewhere and (3) it will not be published
elsewhere without the consent of the Edirors.
Papers should be submitted in duplicate on
A4 paper. They should be typed with double
line spacing with ample margins of at least
25mm all round. 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. A short abstract of 30-100
words should be provided. 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 400-300 words may achieve early
publication.

Twenty five copies of individual papers are
provided on request free of charge; additional
copies may be supplied, but they must be

ordered at first proof stage or earlier.

ADVERTISING IN
THE JOURNAL OF
GEMMOLOGY

The Editors of the Fournal invite
advertisements from gemstone
and mineral dealers, scientific
instrument makers, publishers
and others with interests in the
gemmological, mineralogical,
lapidary and jewellery fields.

Rates per insertion, excluding
VAT, are as follows:

Whole page £180
£100

Quarter page £60

Half page

Enquiries to Mrs M. Burland,
Advertising Manager,
Gemmological Association,
27 Greville Street,
London ECIN 8SU.
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Abemethy pearl, 6

Absorption spectra (see Spectra, abzorption)

Actinolite: chatoyancy in, 395

—as an inclusion in emerald, 156, 158, 268, 271, 272

ADAMSOHN, G.F.5,, At the end of the rainbow: gold in
Scotland, 243

Afghanisean:

—emerald from: in Panjsher Valley, absorption spectrum, 417;
ypomorphic feawres of, 238

Africa: (see alse Angola, Botswana, Burundi, Kenya,
Madagascar, Malawi, Morocco, Namibia, Nigeria, South
Africa, Tanzania, Zaire, Zambia, Zimbabwe)

—emerald crystals, imitadon, from, 239

—emeralds from: quantitative geochemical analysis of, 270

—grossular, parti-coloured, from, 444

—TP'recambrian geotectonic units of southern and central, 265

—quartz from: Blue due 1o lazulite inclusions, 237

Agate: {se¢ also Chalcedony)

—colour in Scottish, 237

—dendnitic, in a doublet, 708, 461

—from Germany: inn the Harz region, {11; in Idar -Oberstein,
106; in Saxony, 2490

—from (Great Briwain, 115, 237

—from (Guyana, 7§: cutting and polishing of, 79; geological
occurrences, 77, 7% prospecting for, 77; unusual structure
of, 78, 79

—from Scotland: colour in, 237

Agra diamond, 103

Ahrend, Mr E., Obitoary, 184

Ajoite as an inclusion in quarz, 441

AKAISHI, M., (1¢¢ Mivamoto, M., ef ad.)

AKIZUKI, A., Growth structure and crystal symmetry of
grosssular gamets from the Jeffrey mine, Asbestos, Quebec,
103

Albite: associated with emerald, 357

—assaciated with ruby: electron microprobe analysis, 492; in
mesoperthite, 489, 491

—in estimating temperare during metamorphism, 494

—as an inclusion i emerald, 421, 423, 501

—from Kenya: associated with ruby, 492; gemmological
properties of, [78

Alexandrite: (see alio Chrysoberyl)

—from Brazil: pegmatitic origin suggested, 105

—colour filter test on, 213

Allanice as an inclusion: in emerald, 157, 158; in sapphire, 74,
372

ALIEN, R. M., The Yogo sapphire deposit, 439

Almandine garnet: (sez also Gatnet)

—colour filter tests on, 213

—pyrope a3 an inclusion in diamond, 179

Alpha-test thermal conductance meter, 233

Alpine quartz, 237

Alp 5i0x polymorphs, 448

ALVES, |, { see Cassedanne, ).P.)

AMARASINGHE, A.G.B., (se¢ Bank, H., ez i)

Amber:

—from Dominican Republic: fossil mushroom in, 368; snail
shells in, 443

—imitation {sz¢ Synthetic and simulated gemstones)

Ambiygonite: associaed with rose quartz, 282, 283, 284

—montebrasite series, 372

America: (see also: Argentina, Brazil, Canada, Chile,
Colombia, Domincan Republic, Guatemala, Guyana,
Honduras, Mexico, Nicaragua, Pera, USA)

—origin of jade artifacts found in, 375

Amethyst: associated with rose quartz, 278

—from Canada; in Thunder Bay, Ontario, 114

—<citrine, 110

—converted to citrine by heat, 42, 11/

—orystal motpholegy, 479

—growth structures: aid in distinction between narural and
synthetic, 471, 482; planes, colour zoning in, 479, 480;
twinning in, 481

—hematite inclusions in, 204, 205, 206

—inclusions in, 204, 205, 206

—from Korea: annual output, 204; distinction from Brazilian,
204; found in geodes in granite; 204, hematite inclusions in,
204, 205; X-ray powder diffracion data, 205, 206

—sceptre crystals: from Malawi, f70; from Salem,
Connecticut, USA, 239

—saynthetic (see Synthetic and simulated gemstones)

—itrom USA: in Arizona, at Fat Jack mine, 377; in eastern
states, geological occurrences af, 242, in Maine, 104, 1105
in New Hampshire, 104

Amphibole: (see also Kaersutite)

—as an inclusion: in emerald, 241; in iolite, 305

—rock, black: appearance in thin section, 133; chemistry of,
133; geological occurrence of, in association with jadeite,
134; sitmlarity of 1o black jadeite, §31, 134

Andalusite:

—from Brazl: a new location at Maricota, F0%5; occumrence in
quartz, {(d; in Paramirim, Balia, 241; plecchroism in, f08

—at's-eye, 237

—from South Africa: cecovery of industrial grade in the
Northem Transvaal, !4

ANDERSON, B.W., Gem Testing, 243

Andesine:

—associated with ruby, 487, 491; eleciron mictoprobe
analysis, 492

—moeonstone from India, 4/

AMDREYENEOQ, EI., (se¢ Gromov, AV, et al)

Angola: new diamond field at Lucapa, 108

ANNELS, A.E., BURNHAM, B.C .M., (Eds).,, The
Dolaucothi gold mines, 379

Annual General Meetungs:

—of the Gemmoelogical Associadon: 1990, 246

—of the Gemmolegica) Association and Gem Testing
Laboratory: 1994, 311
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Annuat Reunion of Members and Presentavion of Awards:
1989, 46; 1990, 312

Anorthite: as an inclusion in corundum, 86

ANTHONY, ].W., BIDEAUX, R.A., BLADH, K.W,,
NICHOLS, M.C., Handbook of mineralogy, Vol 1, 37¢

Apatite:

—associated with: emerald, 357; rose quanz, 277, 282

—bluish-green, sold as cmerald, 308

—car's-cye, 308

—colour filter test on yellow, 213

—dark green, from Brazil, 242

—as an inclusion : in corundum, !4 in emerald, 157, 161; in
sapphire, {10, 201; in sapphirine, 138; in zircon cat's-eye,
108

—from Pakistan: in Nagar, pink, 447; new discovery in
pegmatites, 377

Aquamarine: {see alse Beryl)

—associated with rose quartz, 274, 277

—irom Brazil: Jaqueto mine, Bahia, 447

—colour filter tests on, 212, 213

—hest-reatment of, 403

—tvotn India: 1 10; serained, 308

—from Migeria: 196; geological occurrences of, 197, 198

—synthetic (sez Syntheric and simulated gemstones)

—from USA: Bighorn Mountains, 42

—from Zambia, 411

AFANYAKENENI, F., Amphoe Bo Phloi. A new Thai
sapphire deposit, 103

Argentina: rhodochwesite from, 305, 378

ARJALAGUER, 1., VILARDELL, D., Abaco para
determinacion de los precios aproximados de los diamantes
con talla brilliante de River a Top Cape ¥ de para las
purezas de Internally flawless a Pique en ¢l intervals de
pesos de 0.25 a 3.00 quilates, 369

—VILLARDEL, I}., Abacos del peso aproximado y de
proporciones correctas de los diamantes con talla brillante
tipo Tolkowsky, 235

ARPS, C.E.S., (se¢ Kanis, J., er al.)

Arsenopyrite: associated with rose quartz, 283

Asterism: in ekanite, 239

—in quartz: 239; in rose, as diasterism, 286

—in sapphire: development and improvement of, 80; from
Queensland, 445; from Zaire, 372

—in star thodolite, 16, 17

ATHINEOS, D., The orchid of the mineral kingdotn, 439

ATTANASIO, D.,, FLAMINI, A., GRAZIANI, G.,
MARTINI, M., SCANDALE, E., Further observaticns on
the Lennix synthetic emerald, 41

AUNG, Z., (se¢ Huang, U.T., et al)

AURISICCHIO, C., (see Grubessi, ., er af.}

Anustralia: Argyle diamonds, 446

—breryl, green, from Harry’s Mine, NSW, 440

—<chalcedany, dendritic, from Mrt. Isa, 305

—chrysoprase from Marlborough, Queensland, 444

—Cowell jade update, 235

—diamonds from: from Argyle, champagne and cognac
colours, 440; characterustics and mining of, 446; Auseralia’s
great weasure hunt, 255; computerized clatity aralysis of,
239; expleration for [16, 308, 370; history and ocourrence
of, 236, from Kimberley, colours of, 372; nitrogen-defect
aggregation characteristics of, 496

—enerald from deposits in Poona, Western Australia, 782

—emnerald, synthetic: miade from Pool emeralds, 47

—gemdields, 380

—gems around, 305, 439

—gem names, misuse of, 305

—geology of Coober Pedy precious stones field, 382

—iolite, aventurescent, from Mt. Philip, 305

—journey with colour, Lightning Ridge opal field, 379

-—malachite from, 242

] Gemm., 1991, 22

—nephrite: from Cowell, 235; geological occurrence of, 375

—opal from: from Coober Pedy, geology of, 332, world's
largest from, 242; from Lighming Ridge, 379 | eccurrence
of gem quality, 237; opal ficlds, flooding in, 42; from
Yowah, Queensland, nobbies, 238; from Yundamindera,
fire wpal, 105;

—pearls, cultured: from Kuti Bay, NW coast, 235; from
Western Australia, 187

—prasiolite from, 345

—ptehnite from Kalkarig, 04

—Pool Mine, Western Australia, 41

—Poona WA and the seekers of its emeralds, 382

—rhodonite at Broken Hill, NSW, 117

—ruby in metamorphic rock, from the Harts Range, Northern
Territory, 109

—sapphire from: in alkali basalt, crystal morphology of, 472;
bi-colour waterworn, 110; exploration for in New South
Wales, 3765 growth sructures in, 472, 473, 475;
origin of, 234; scanter of light by inclusions in, 397; star, 12-
rayed, 443; yellow multi-zoned crystal from Anakie, 42;
zircon inclusions, age of, 236
sphene from the Harts Range, Northern Territory, 374

—stichtite from Tasmania, 444

—Titanite (see Sphene above)

—mrquoise from, 440

—variscite: from Dayboro, Queensland, 104; from Keppel
Bay, 305

—zircon from the Harts Range, Northern Territory, 178

Auseria:

—emerald from: from Habachtal, chemical analysis of, 171,
lattice parameters, 172, 173, 177; mineralization during
regional metamorphisim, 218; in Untersalzbachual,
discovery of, 372

—>Salzburg, minerals of, 115

Austrian Gemunological Research Instuture, change of address,
185

Avenrurescence: in iolite, 305, 372, 395

—in quartz, 444

—in sunstone from Idaho, 239

Axinite: rediscovery of at Thornberry Mountain, California,
USA

Azunte: from Bou Beker mine, Morocco, 242

—fine quality specimens from Chessy, France and Bisbee,
USA, 441

—FMS-IGMS-MSA symposium on azurite and related copper
carbonates, 378

Balirain {see afse The Gulf):

—peatls from, 4, 5

BALFOQUR, 1., Famous diamonds of the world, X111, The
Agra, 103, The Taylor-Burton diamond, 235

BANERJEE, A., (ser aiso Rodrigues, P.)

—Erkennungsmbglichkeiten von kdnstliche gefirbten
Lapislazuli, 235

Bangladesh: pearls from, 5

BANEK, D., (s Henn, U, et al.)

BANEK, F.H., (see Bank, H., er af and Henn, U, et al.)

BANE, H., {se¢ also Henn, U., et al)

—Huochlichtbrechender Smaragd aus Sta. Terezinha de Goids,
Brasilien, 47

—HENN, U., {a) Andesin-Mondstein aus Indien, {b)
Schleifwiirdige Korunde von Mgoronghero, Tansania, Id.,
41

—HENN, 1., Changierender Taaffeit aus S¢i Lanka, 103

—HENN, U., Ein Beitrag zur Unterscheidung nattrelich
blauer und durch kiinstliche Bestrahlung blaugefirbter
Topase anhand von Thermolumi wersuchung, {78

—HENN, U., Ein ungewihnlicher Granat aus Ostafrika, 103

—HENN, U., Farbloser, klar durchsichuiger, geschliffener
Sellait aus Brasilien, 103




J Gemnm,, 1991, 22

—HENN, U., Geschliffener, tosafarbener Hodgkinsonit aus
Franklin Furnace, New Jersey, USA, 369

—HENN, 1., Kinstliche gefirbte Quarze als Imitationen fiir
Semaragd, Fubin und Saphir, 369

—HENN, U., Schileifwiirdiger, wransparentsr blauer Saphir
aus Kenia, 103

—HENN, U., Untersuchung eines im Flussminelverfahren
hergestellten synthedschen roten Spinells aus der UdSSR,
178

—HENN, U., BANK, F.H., PLATEN H.v.,, HOFMEISTER,
W., Leuchtendblaue Cufiihrende Turmaline aus Paraiba,
Brasilien, 178

—HENN, U., LIND, T., Synthetische Smaragde aus
Augtralien (synthetische ‘Pool emeralds’), 41

—HENN, U., PETSCH, E., Spinelle aus dem Umba-Tal,
Tansania, 104

—HENN, U., PLATEN, H.v., Geschliffener, durchsichtiger,
gelbbrauner Parisit aus Muzo, Kolumbien, 369

—HEHNH, U., SCHMIDT, 5.T., Hochlichtbrechender Rubin
aus Malawi, 104

—PLATEN, H.v.,, AMARASINGHE, A.G.B., Saphirblauer,
durchsichtiger Sapphirin aus 5 Lanka, 104

BANK-SCHERNER, M., {ser Henn, 11, er al)

BARBOSA, J.E., (se¢ Cozar, ].5., et al.)

BARKER, MN.]., {see. Foster, G.V.)

BARNES, L.C., BECK, R]., LEAMING S§.F.,, TAN, L.-P,,
World review of nephrite jade - geolegy, production and
teserves, 439

BARTOLI, F., BITTENCOURT, ROSA D., DOIRISSE,
M., MEYER, R., PHILIPPY, R., SAMAMA, ].-C., Role of
aluminiunt in the structure of Brazilian opals, 369

Basalt: as a gem material, 180

—in Wigeria: alkali, decomposed, mineralogy of, 198

—peridot grains in Hawaiian, 242

—sapphire crystals in: morphology of, 472, 474; in Nigerian,
198, 201

—zircon crystals in Wigerian, 200, 201

Bead buyers and parcel pickers filter set, 212

Beads: colour filter sex for buyers of, evaluation of, 212

—silica, trom Cambay: drilling equipraent , 91, 92; drillheles
of, origin of grooves in, 93, 05

—pearl, cultured, dyed pink, 107

—prearl, drill holes chipped, 167

Bead Seciety of Grear Britain, 249

BEATTIE, R., (se¢ afse Brown, G., et al)

—Personalitics behind the gem world: Kokichi Mikimoto
1858-1956 [19547], 104

BECK, R.]., (sec also Barmes, L.C,, et af)

—A new development in understanding: the prehistoric usage
of nephrite in New Zealand, 369

—Jade of the Pacific, 439

Beetles, iridescent green, set in a diamond brooch, 107

BENAVIDES-MUNOZ, M.E., (sez Corona-Esquivel, R.)

BENJAMIN, M., Imitation opalized shells, 305

BENNET, D., MASCETTI, D., Understanding jewellery,
182

BENTE, K., THUM, R., WANNAMACHER, ]., Colored
pectolites, so-called ‘Larimar’ from Sierra de Baoruco,
Barahona Province, southern Dominican Republic, 369

BERK, M., New from New England, 14

BERTONI, 8., (se¢ Rustioni, M.)

Beryl: {see afte Aquamarine, Emerald, Morganite)

—associated with rose quartz, 274, 277, 278, 280, 282, 283,
284

—fram Brazil: from Minas Gerais, tourtmaline inclusions in,
377; from Salininha,Bahia, Cr/V ratio in, 411; vanadium-
bearing, infrared spectrum of, 218;

—chatoyancy in, 395

—colour filter test on yellow, 213

—crystals: characteristic habit of, 349; cross-sections of, seen
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by rotadon, 353; faces
346

—electron irradiated: absorption spectra, 34, 36; dichroism in,
36; mechanisms involved in creating colour centres in, 35;
thermal weatment of, 33, 36

—green, from Australia, 440

—group, gemstones of, 372

—egrowth structures in, 430, 431, 432

—imitation (s¢e Synthetic and simulated gemstones)

—as an inclusion in emerald, 5%

—from Nigeria, 196: crystal morphology of, 431; geological
occurrences of, 197, 198; growth swructures in, 430, 431,
432

—from Pakistan, in Dusso, 378

—pink, differences from morganite due to differing crysual
field symmeuy of Mn3* ions, 112

—red: from Wah Wah mountains, Utah, 378; fine crystals, 445

—specira, infrared, of vanadium-bearing from Brazil, 218

—synthetic (see Synthetic and simulated gemstones)

—tourtmaline inclusions in, 377

—from USA: in Utah, red beryl from Wah Wah mountains,
178, 445

—water in: 216; absorption bands in the infrared, 215;
significance of in separating natural and synthetic, 215

BEVINS, R.E., SHARPE, T., Welsh minerals, 379

BIANCHI POTENZA, B.,, DE MICHELE, V., LIBORIO,
G., NANA, G.P., L'olivina della Val Malenco (Sondrio)
come materiale di interesse gemmologico, 370

BIDEAUX, R.A., (see Anthony, J.W ., eral)

BILLE, C., CHAPQULE, R., DORBES, ]., SCHVOERER,
M., Reconnaissance d'un diamant de synthése De Beers
parmi d’autres gemmes grice a la cathodeluminescence,
104

Biotite: associated with rose quartz, 277, 278, 280

BIRMINGHAM, J.C., Mourning jewellery, 104

Biren synthetics (se2 Synthetic and simulated gemstones)

Bismuih associated with rose quartz, 274

Bismuth germanium oxide (see Synthetic and simulated
gemstones}

Bismuire associared with rose quarz, 274

BITTENCOURT, ROSA D., (see afso Bartoli, F., ez al.)

—Les opales nobles du District de Pedre IT dans Etat de
Piaui - Région Nord-Est du Brésil, 370

BLADH, K. W., (se¢ Anthony, [ W, et al)

BLANKENSHIP, D.T., Orange peel, 439

-~—The sawing of jade, 439

—The woughness of nephrite, 370

BLEIKEF, R., Die berithmre chilenische Lapis-Lazuli-
Lagerstinte bei Ovalle, Region Coquimbo, 370

BOEHM, E., {se¢ Koivula, .1, er al}

Boehmire:

—as an inclusion: in corundum, f{4; in ruby, 88, 487, 488; in
sapphire, 110, 179

BOGDANOVIC, K.I., Nephrite deposits in the Kuen-Tun
mountaing, 439

Bone: carved, from India, 440

—structural differences from elephant and vegetable ivories,
105

BORELLI, A., A brief note on problematical yellow-brown
diamond, 104

BOSSHART, G., Emeralds from Colombia (Part 1), 355,
(Part 2), 409, (Part 3), 500

—II verde di Dresda, 439

—Les émeraudes de Colombie [1], 370, [2), 439

Botswana: diamond production and prespecting in, 308

Bow drill used in the Cambay bead industry: construction of,
91,92; diamond bits, single and double, 92, 93, 93; drilling
patterns produced by, 93, 94, 95; drilling speeds of, 96;
marking and perforation with, 91, 92, 93; silica powder
produced by, collection and uses of, 92, 95

and angles, selected, of,



Bowenite: (see alro Serpentine}

—itermed “jade’ in China, 11¢

—neolithic carving of in China, 242

BOXER, J.L., {s2¢ Grice, ].D.)

BRACEWELL, H., (see also Brown, G., et al)

—Gems around Australia, 305, 439

—Wave Hill prennite, 104

Brazil: alexandrite from Hematita, 105

—amethyst from: growth swructures in unireared, 480, in heac-
treated, 481; in Maraba, f06; in Pau D’Arco, 106; in Rio
Grande do Sul, 108

—angdalusite from new location ar Maricota, f05

—apatite, dark green, from Governador Valadares, Minas
Gerais, 242

—aquamarine from Jaqueto ming, Bahia, 447

—axinite from Bahia, 24/

—beryl: in Bahia, Cr/¥ ratios in, 411; in Minas Gerais,
tourmaline inclusions in coloutless, 377

—Brazilian Trio, 106

—chrysoberyl crystals from Pancas, Espirito Santo, 242

—chrysoprase: from Goids, bunsenite in, #43; fluorescent in
UV, 308, 443

—diamonds from: crystal forms of, history of working, 165; in
Minas Gerais, diamond-bearing placers, 377

—emerald from: chemistry, 376, occurrences in, 147, as raw
material for Pool synthetics, 41, thermal conduciance, 234,
from Belmont, 376; from Capoeirana, gemmological
preperues, inclusions, 106; from Camaiba, Bahia, chemical
analysis, 172, lawice parameters, 172, 173, 177,
occurrences in,148; from Conquista {?), absorption
spectrum, 415; from Itabira, infrared specira of, 218; from
Wova Era, 10%; in Riacho do Mamao, new discovery, 105
from Santa Teresifa de Goias, 41, 376, chemical analysis,
171, high Cr content, 416, inclusions, 241, infrared spectra,
173, 174, 175, 176, 218, lawice parameters, 172, 173, 177,
occurrence, 24J, optical properties, 247, treated with
Opricon, {10, from Socotd, inclusions i, 154, infrared
spectra, 218, ocourrences in, 148, physical properties, 154;
from Taua, infrared spectrum, 219

—lazulite, gem quality, from Bahia, 370

—microcline, hyaline, from Minas Gerais, 370

—Minas Gerais: in Jequitinhonha Valley, crystallized rose
quartz occurrences, 280, 370, liddicoatite from, 23%;
massive rose quartz locations in, 276

—apal: from Bahia, chatoyant, 276; from Piaut, 3782, role of
aluminium in the structure of, 369

—rose quartz from: gemmological properties, 285, 286;
geological occurrence of, 273, 274; locations of,
crystallized, 280, 370, 376; massive, 275

—sellaite from Brumado mine, Bahia, 103

—Serra de Jacobina, Bahia: geclogy of, 150, 151, 152; Campo
Formoso batholith in, 152, 153

—spodurnene, lettuce-green, from Minas Gerais, 376

—topaz frem Padre Paradise, Minas Gerais, spessartine
inclusions in, 366

—tourmaline from: from Paraiba, blue and green, 119, 178,
180, 238, 306, 308, 447, heat treatment of, 239, 106,
intenisely coloured, from Salgadinho, 371, violet-blue from
new mine at San Jose Baltalha, I79; from Minas Geras,
multi-coloured crystals, 447, scepire elbaite, 242

—itriphylite from Minas Gerais, 37/

Brewster angle: of polarisation, 102, refractometer, 100, 142
BRIDGES, C.R., GRAZIANI, G., GUBELIN, E., A Kenyan
gemstone of the feldspar family; further observavions, 178

BEIGHTMAN, R, (se¢ Brown, G., er al)

Brilliance, dependence of on ¢ut and critical angle, 101

BROWI, G, (see afiz Kelly, $. M B., Linton, T., Phillips, G.,
and Snow, J.)

—A rare baler shell pearl, 439

—Biron gynthetic pink beryl, 305

JGemm., 1991, 22

—Cowell jade update, 235

— Dayboro variscite, 104

—Detecting dyed jadeite, 370

—Gemmological Study Club Lab Report, 305

— Kaurni gumn revisited, 104

—Kuti Bay cultured pearis, 235

—Some Australian rquoise deposits, 448

—-Some rare ivories, 305

—Synthetic quarz update, 235

—The appropriateness of GAA's gemmological nomenclature,
Presidential address, 305

—Wulcanite or gutta-percha? That is the question, 292

—BEATTIE, R., SNOW, ]., Verneuil synthetc red spinel, 440

—BRACEWELL, H., Mt Philip aventurescent iolite, 305

—BRACEWELL, H., Yundamindera ‘fire’opal, 105

—CHAPMAM, I, Argyle champagne and cognac diamonds,
440

—EKELLY, §.M.B., Knischka-created rubies, 178

—KELLY, S.M.B., BEATTIE, R., BEACEWELL, H.,
Gemmological Study Chub reports, 303, 440

—KELLY, S.M.B., BEATTIE, R., Geramological Study Club
Lab reports, 440

—KELLY, 5.M.B., SHNEYD, R., Russian flux-grown synthetic
spinel, 440

—KELLY, 5.M.B., SNOW, J., Russian hydrothermally-grown
emerald, 105

—KELLY, $.M.B., SUTHERLAND, C., CALLAWAY, P,
Imitation chicken-blood stone, 440

—LINTON, T., An inexpensive conversion unit, 440

—LINTOMN, T., Treasure Chest gem tester, 306

—SNOW, 1., BRIGHTMAN, R., YAGG: a gernmological
study club report (not indexed) 306

—SNOW, ]., Some ohservations on helenite, 105

—TOMBS, G., An introductory note on the manmade
products of Dominique Robert, 441

Bruennente as an inclusion in emerald, 157

Bruton, Mr E.M., address by, 312

BULGAK, L.V, (see Godovikov, A.A.)

Bunsenite in chrysoprase, 443

Burma: (see alse Myanmar)

—aleng Burma's jade trail, 444

—ijade from: along the orail of, 444; aucdon in, 375; wouble at
the mines, 445; ureyite in jade-like material, 226

—Mogok: radioactivity in some minerals from, 422; spinel
from, 108

—ruby from: damaged by repair (o setting, f79; inclusions, 42;
interference figures in, 350; proton-induced X-ray emission
analysis of, 446

—scapolite from: colour as a guide 1w compositon of, 259,
260, 262

—aspinel from Mogok, 108

—-trouble at the mines, difficulties in worldng the jade, 445

—ureyite, in jade-like material from, 226

—zircon from, 307

BURNHAM, B.C., (se¢ Annels, AE.}

Burslem, Mr WA, Obimary, 246

BURT, D .M., Vector representation of tourmaline
composition, 05

Burundi: sapphires found in, 130

BUSHNELL, N., Diamonds - Australia’s great treasure bunt,
235

BUZAS, Z., Interessante Einschliisse in mexicanischem Opal,
105

Byrownite: associated with ruby, 487; electron microprobe
analysis, 492

Cailliaud, Frédéric, biography of, f15

CAIRNCROSS, B., The Messina mining district, South
Africa, 441

Caimeross necklace, &



} Getnm., 1991, 22

Calcite: associated with emerald, 228, 357

—cobaltizn, from Mashamba West mine, Zaire, 374

—as an inclusion: in emerald, 157, 421, 423; in ruby, 42

—stained to imitate thodochrosite, 308

CAITAWAY, P., {(se¢ Brown,G., et al)

CALVERT, J., The gold rocks of Great Britain, 244

Cambodia:

—sapphire from: in alkali basalt, crystal morphology of, 472,
474; growth structures in, 474, 475; from Pailin, angled
growth stracture in, 35¢

CAMPBELL, 1.C.C., A report on one of a number of
emeralds from Madagascar, 441

—Doublets which simulate emerald, 235

—Fine quality large cur opal, 44!

—Visual strucrural differences between elephant ivory, bone
and vegetable ivory, 105

—KLEYENSTURER, A.5.E., An alexandrite of apparent
Hematita origin, 105

CAMPBELL, T.]., (se¢ Roberts, W.L., ez ol )

Canada: amethyst from Thunder Bay, Ontario, [14

—farnous mineral localities of, 380

—pemns and ornamental stones of, 378

—gormanite in quartz from the Yukon, 374

—sgrossular garnet from the Jeffrey Mine, Quebec, 103

—kimberlite pipes in: exploration for, {19, 239;
microdiamonds in, 239

Canary Islands: peridot firom Lanzarote, 43

CARISSON, G., Radiamanter fran Australien, 236

CASSEDANHNE, ].F., Decouverte d’un nouveau gite
d'émeraude, 105

—Diamonds in Brazil, 105

—Maricota, un nouveay gisement d’andalousite (Minas
Gerais, Brésil), 105

—Un nouveau matériau gemme: le quarzite 4 lazulite {Bahia -
Brésil), 370

—Un nouvel indice de microcline gemme & Minas Gerais, 370

—ALVES, ]., Crysuallized rose quariz from Alto da Pitora,
Minas Gerais, Brazil,

—LEDOUX, LA, Une cutieuse opale chatovante, 236

—RODITI, M., Crystallized and massive rose quartz deposits
in Brazl, 273

Cassiterite: associated with Ceniral Nigerian granites, 196

—associated with rose quartz, 282, 283, 284

CASTIGLIONI, A., (3¢ Grubessi, O., g1 al.}

Caralonia: (se¢ also Spain) gemmeological teaching in, 337

Cathodoluminescence: in alpha-quartz, factors affecting short-
lived blue, 375

—microspecirophotomerry of, to distinguish between narural
and synthetic stones, f12

—a new technology of the 19803, 237

—in rubies, 43

—in sapphires, vellow, 375

—in synthetic diamond: De Beers, 104; Maltese Cross type,
237

Cavenago Bignami Moneta, Senora $,, Obinary, 184

Central America: (see also Guatemala, Honduras, Mexico and
Nicaragua} jade from, a7

Ceres Diamond Probe, 375

Cevlon (see Sri Lanka)

Chalcedony: (see also Agate, Chrysoprase and Mtorolite)

—adularescent violet-blue from Mojave desert, 180

—artificially induced dendrites in, 460

—dendntic, from Australia, 305

—fossil pine cone presetved in, from Patagonia, 308

Chalcecite: associated with rose quart, 274

Chalcopyrite: associated with rose guartz, 274

—4s an inclusion in emerald, 241

CHANCEREL, C., Bloody opals...! 447

CHAPMAN, ]., (see Brown, G., &t al.)

CHAPOULE, R., (sce Bille, C., e al)

527

Chatham synthetics (se¢ Synthetic and simulated gemstones)

Charoyancy: apatite cat’s-eye, greenish blue, 308

—andalusite cat’s-eye, 237

—in chryseberyl, 395, 306

—diopside cat’s-eye, 309

—iolite cat's-eye: 239, 509, 395, paraltel fibres in, pleochroism
in, 396

—in opal: 309, 443; from Brazl, 236; in Idaho opal mounted
as composites, 443; from Mexico, black, 444; triplets, 444

—scapuolite cat's-eye from Burma, 261

—in strongly pleochroic gems, 393

—tanzanite cat’s-eye: 309, 397; parallel channels in,
pleochroistn in, 397

—tourmaline cat’s-eye, red-blue, 444

—in zircon, heat-treated, 107

CHAUVET, M., Frédéric Cailliaud, 715

Chelsea filter: idenrtification with, 240; similarity 1o the
Hanneman Aqua Filter, 212; wansmission spectrum, 240,
375

Chicken-blood stone from China, 114, 307

~—imitation (see Synthetic and simulated gemstones)

CHIENG, TE-K'UN, Chinese jade exhibition, 370

CHIHARA, K., Jadeite in Guatemala), 370

Chile: lapis lazuli from, 37¢

China: bowenite termed ‘jade’ in, 110

—chicken-blood stone: 307; from Zhejiang Province and Inner
Mongolia, 114

—diamond from: cutting, §i% octahedron from Changma,
231; prospectng for, 308; silicon carbide inchusion in, 374

—gemmelogical teaching in, 224, 229, 230, 231

—gems from: 42; deposits in Inner Mongolia, 309

—Geological Museum, Beijing, diamond octahedron in, 231

—jade: carvers and their custemers in Ming China, 441
exhibition of, 770; flowers in, 376; in Khotan, 378; jade
mining in, 446 (2); neolithic carving in, 242; nephrite
deposits in the Kuen-Lun mounaing, 242

—ephrite deposits in the Kuen-Lun mountains, 439

—peat] farming at Yangxin, Hubei Province, 11

—realgar, gem quality, from Shimen, Hunan Province, 242

—sand-buried mins of Khotan, 446

—snuff botdes from, 717

~—University of Geosciences, Wuhan: gemmelegical eeaching
at, 228, 229, 230

—isits to High Tartary, Tarkand and Kashgar, 446

Chlorite: associated with rose quartz, 284

—as an itchasion in emerald, 156

—electron microprobe analysis of, 170

Chromite: as an inclusion in emerald, 156, 159, 501

Chrysoberyl: chatoyancy in, 395; in carved horse head, 306

—crystals from Espirito Santo, Brazl, 242

—star, from St Lanka, 180

Chrysoprase: from Marlborough, Auseralia, 444

—fromy Brazil: nickel in the form of bunsenite in, 433; zoned
and fluerescent in UV, 308, 443

—mineralogy and properties of, 112

—from Poland: cause of colour in, 42; in Silesia, Szklary,
classic locaton of, 377

—from Tanzania: micrescopic structure of, geological origin
of, 373

CIBJO regulations on nomenclature of Pool synthetic
emeralds, 47

Cinnabar inclusions in chicken-blood stone, 207

Citrine: associated with rose quartz, 274

—colour fitter test on, 213

—caonversion from amethyst by heat, 42

—crystal morphelogy, 481

—growth structures in, 481

-—gynthetic (se¢ Synthetic and simulated getnstones)

Claringbull, Sit Frank, Obituary, 311, 330

CLIFFORD, P., Gem fire, 236
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CLUNAS, C., Jade carvers and their custemers in Ming
China, 44!

Codazzite associated with emerald, 238

COENFRAADS, R.R., Key areas for alluvial diamond and
sapphire exploration in the New England gem fields, New
Sourh Wales, Australia, 370

—SUTHERLAND, F.L., KINNEY, P.D., The otigin of
sapphires: U-Pb dating of zircon inclusions sheds new light,
236

Colclough, Mr A C., Obisary, 311

Cole, Mt K.C., Obituary, 45

Collinsite: associated with rose quartz, 282

Colombia:

—Colombian emerald belt, geographical and geological setting
of, 238, 356

—emerakd from: absorption spectra, 411, 412, 413, 414, 414,
418, 439; chemistry, 410, 411; ctystal morphology, 410,
gemunotogical review of, 239, 43% genesis, hypotheses of,
238, 357, 370; geographical locadions of, 356; geological
occurrence, 238, 357; growth structures, 423, 424, 425,
43%; inclusions, 418, 419, 420, 421, 422, 423, 439; infrared
spectra , 218, 219; mining, 113, 181, 356, 359, 378, as raw
material for Pool synthetic emerald, 41; thermal
conductance, 234; wypomorphic features of, 238 ; from
Chiver, infrared spectrum, 218; from Ganchald,
distinguishing features, 416, 423, from Muzo, chemical
analysis, 171, infrared specwra, 173, 174, 175, 176, thermal
conductance, 234

—inining problems in Muzo, 42

—new aspects of emerald workings in, 187

—parisite: from Muzo(?), absorption spectrum, 422; from
Muzo, wansparent, faceted, 369

—sapphire from, 239

Colorimeter, spinning disc tristimulus, 338

Colour: in agates, Scomish, 237

—in beryl, produced by electron itradiagon, 33

—centres, creation of, in electron irradiated beryl, 35

—change: in fluorite, 376; in taaffeite, 103

—in chrysoprase, cause of, 43

—CIE Tristimulus Syseem for measurement of, 339

—in diamonds, 439

~—-in emerald: from Colombia, causes of, 411, saturation of,
411, zoning in, 423, 425

—filter se1 for bead buyers and parcel pickers, evaluadon of,
212

—in hackmannite, changed by UV, 42

—measurement oft with CIE Tristmulus System, 339; with
microscope, 376; spinning disc wistimulus colorimeter for,
338

—pleochroic: in andalusite, 1086; in iolite cat’s-eye, 396; in
Lechleitner synthetic emerald, 27; in sapphire, 397; in
tanzanite cat's-eye, 398

—in ruby, intensity related o wace element concenuation, 84,
29

—in sapphire from Kashmir, 68

—in scapolite from Burma, a guide 1o the composition of, 259,
260, 263

—in sodalite group, 372

—in tourmaling: blue and green from Paraiba, due to copper
and manganese, 238; role of natural radiation in, 240

—zoning: in emerald from Socowd, 161, 162; in Lechleimer
synthetic emerald, 22, 23, related to trace element
distniburtion, 22, 28; in weated diamonds, 42, 306, 447

Columbite associated with rose quartz, 277, 278

Computer software {s¢¢ Gem identification)

Computerized informarion services, 11!

CONEKLIN, 1.H., The Harvard diamond crystal, 371

CONNER, L., (se¢ Fritsch, E, ez al) -

Conoscope (ser Instruments)

COOK, R.B., (s¢¢ White, ].5..)

] Gemm., 1991, 22

Coral: 241

—black, in the Mexican Caribbean, 444

—species depicted on postage stamps, 498, 499

Cordierite (see afso Iolice)

—from south Norway, 372

CORONA-ESQUIVEL, R., BENAVIDES-MUNOZ, M.E.,
Excursién de la Sociedad Mexicana de Minerologia a las
minas de opalo del Estado de Queréraro, 371

Corundum (s2¢ alto Ruby and Sapphire): 310

—in alkali basalts, 236

—apatite inclusions in, 114

—hboehmite inclusions in, /14

—crystals: characreristic habit of, 349, 467; cross-sections of,
seen by rotation, 353; faces and angles, selected, of, 343;
growth of linked with alkali basalt magma generation
processes, 236

—crystal inclusions, flat, rounded, doubly refractive, in, 87

—from East Aftica: in the Umba regicn, inclusions in, !4

—elements in, detection of by microspectrofluorescence, 106

—geuda : anomalous behaviour during heat weaunent, 405;
colout, cause of, influence of minor trace impurities on,
179, 406; electron microprobe analysis, 4415, 4{6; as raw
material for heat treatment, {79

—graphite iticlusions in, f14

—inclusions in, 86, 87, 88, J 14

—from Malawi: orange and red, 108; absorpdon spectra, 33,
84; chemical analysis of trace elernents, 84, 85; inclusions,
86, B7, 88, variptions in colour and physical propertiss
related to wace element concentrations, 84, 89

—orange, from Malawi, 83, 108

—padparadscha {see also Orange corundum above and
Sapphire): what is meant by this term?, 442

—red: from Malawi; 83, 108; from Tanzania, 4/

——rutile inclusions in, 87, 114

—spectra, fluorescence, 104

—from Sr Lanka: clear and opague as raw material for heat
treatment, [79 geuda, dnomolous behaviour of during heat
treatment, 405

—from Tanzania, 47

—in Gulf of Thailand, undersea propspecting for, 110

—treated: clear and opague as raw material for heating, 179
diffusion-treated, 442; geuda, heated, 405

Council Meedng, 117

Council of Management Meenngs: 247, 320, 384, 449, 512

COUPEFR, A. G, Colour as a guide to the composition of
scapolite from Burma, 259

COUSENS, D.R., (se¢ Griffin, W.L.,er al.)

COUTO, P.A., (see Schwartz, D., et al.)

Covellite: associated with rose quanz, 274

COZAR, 1.8., Determinacion de rasgos de (ratamiento, en
topagios azules irradiados, por especiroscopis gamma de
alta resolucion, 106, 371

—SARMIENTOC, L., BARBOSA, I.E., Trifilita gems, 371

CRAM, L., Journey with colour, 379

Critical angle: determining cut and brilliance, 101; Lecters to
the Editor, 321, 322

—aof diamond, 59

—of quartz, 99

—total internal reflection, relationship 1o, 101

CROWNINGSHIELD, R., (se¢ also Fryer, C.W., et al))

—address by, 46

—Grading the Hope diamoend, 41, 106

Crowm jewels of France, 15

Crysuals: 183

—betyl: characieristic habit, 349; faces and angles in, 345;
crogs-sections of, seen by rotaton, 353

—corundum: characteristic habit, 348, 467; faces and angles
in, 345; cross-secions of, seen by rotadon, 353

—<rystallography, introduction to, 380

—emerald, Colombian, famous specimens of, 410
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—faces and characteristic angles in optical uniaxial, means for
determination of, 347, 349, 350, 351, 352, 354

—gem, depicted on postage stamps, 498, 400

—gems and crystals, how they can transform your life, 381

—habit of Alpine quartz, 237

—hexagonal or rigonal, cross-section showing determinadon
of intermnal structural features in, 347

—morphological differences berween natural and synchetic: of
amethyst, 479, 481, 4832; of citrine, 482; of emerald, 431; of
ruby, 476, 47%; of sapphire, 474, 476

—precious crystals, 382

—quantz; characteristic habit, 349; ¢ross-sections of, seen by
rotation, 353; faces and angles in, 346; habit of Alpine, 237,
phantom in, {06 :

—phanton, in quartz, 166

—sapphire, multi-zoned yellow, 42

—seapolite, forms and surface sculpture of, F13

—scepure amethyst, 110, 239

—spinel; surface etch features on, 303

—spinel, synthetic: surface growth features of, 302, 303

—sructural properties in uniaxdal, microscopic determinaton
of, 344

—structure of, influence of inclusions on, 106

—symmetry, non-cubic, of grossular garnet from the Jeffrey
Mine, 103

—tgavorite, eubedral crystals of, 307

—zircon, 468

Cuprite from Mashamba West mine, Zaire, 374

CURRAN, R.T., A Hamlin Mount Mica tourmaline, 371

Cuts; brilliance in, origin of, 101; Lemers to the Editer, 321,
322

—brilliant, Tolkowsky-type, calculations of approximate
weight and correct proportions, 235

—facet angles, nomographs for evaluavion of, 373

—incidence-radiation relations berween incident rays through
the pavilion in, 373

—rnew, mainly for diamonds, 241

—OId Mine, with concave table facet, 107

—scintillation by the incident rays through the pavilion of, 373

Cyrilovite, associated with rose quartz, 283

DABDOUB, T., Opal report from Honduras “The fire still
bums’, 379

Danburite: distinction of from topaz by single-crystal X-ray
diffractometer, 12

DAWIDOWICZ, T., L’influence des inclusions sur la
stoucture cristalline, 106

De Beers synthetics (se¢ Synthetic and simmlated gemstones)

DE MICHELE, V., {ser also Bianchi Potenza, B., ez &l.)

—Kamienie szachetne i ozdobne wloch, 371

DERJAGUIN, B.V., FEDOSEEV, D.V., Low pressure
diamond growth, 236

Diamond:

—absorption spectra (52 spectra, absorpion below)

—almandine-pyrope inclusion in, 179

—Ffrem Australia: from Argyle, champagne and cognac
colours, 440, characteristics and mining, 446; exploration
for, 180; 235, 239, history and occurrence of, 235; from
Kimberley, 372; nitrogen-defect aggregadon in, 446

—bi-colour yellow and white, fluorescence and
phosphorescence of, 179

—black: determination of “Type’ in, Letter to the Editor, 120;
graphiwe inclusions causing c¢olour and electro-
conductivity in, 306; an investigation of, 442

—in bow-drill bits, fragments of, 92, 93, 94

—from Brazil: history of worlkdng, occurrences, typical crystal
forms, 105; in Minas Gerais, diamond-bearing placers, 377

—computerized clarity analysis machine, 239

—from Canada: microdiamond in kimberlite, 239

—Ceres Diamond Probe, 375

320

—from China: from Changma, octahedron frem, 231;
exploration for, 308; silicon carbide inclusions in, 274

—clarity analysis machine, computerized, 23%

—<cleavage: in laser-drilled diamends, 306; internal, covered
with trigons, 237

—coloured: Australian, 372, champagne and cognac from
Argyle, 440; in bluish-green, 306; in naturally itradiated, 42;
orchid of the mineral kingdom, 439; rare purple, 306;
yellow, probably natural, resembling Sumitomo synthevics,
441; zoning in artificially irradiated and annealed stones, 42,
441

—eolourless: M3 centres, as a characeeristic of natural origin,
evidence of in optical absorption specira, 142, 145;

—critical angle: 97; increased by grease on pavilion, 99;
importance of in polishing, 191

—crystals, gems and associated activities depiceed on postage
stamps, 498, 499

—<cutting: in China, methods, [ 10; in Mauritius, expansion of,
180

—cuts: brilliant, Tolkowsky-type, calculations of approximare
weight and cotrect proportions of, 235; lozenge, engraved
and painted, 107, new, 24); ‘Old Mine’, with concave table
facet, 107

—diamond ring, the: business, politics and precicus stones in
South Africa, 387

—'diamond sofiening’, misunderstanding of, 399

—drill used in Cambay bead industry, 91

—etched by heat, 305

—exploration and prospecting: in Angola, 308; in Australia,
11, 239 (2), 308, 370; in Botswana, 308; in Canada, 119,
239, in China, 308; in Guyana, 444, in Tanzania, 308

—famous: Agra, 103; Dresden Green, 439, 443 ; Harvard, 371
Hope, 41, 106; Taylor-Burton, 235

—formation of, new environment for, 377

—garnet, colour-change, inclusion in, 179

—Gem Diamond Pen, 375

—grading the Hope Diamond, 41, 106

—eraphite inclusions in, 308

—green, irradiated, 179

—from Guinea: geology and evaluation of diamond deposits
in, {13; production, 378

—as an inclusion: in garnet and zircon, 377

—inclusions in, 179, 374

—from Indonesia: in Kalimantan, nirogen-defect ageregation
charactenstics of, 446

—irradiated {see Treared diamonds delow)

—low pressure growth of, {s2¢ also Synthetic and simulated
gemstones) 236

—from Myanmar, 307

—mnitrogen in: nitrogen-defect aggregation characteristics in,
446; W3 centres, as a characteristic of namral origin, 142,
evidence of in optical absorption spectra, 142, 145

—from MNamibia: mining in, 237

—octahedron with etched channels, 306

—uapucal properties, significant phenomena concerning, 237

—paper-worn’, 107

—passage of light through pavilion, nomographs showing, 373

—Presidium DiaMeter - System Berger, 443, 444

—price of brilliant-cut, abacus for detertnining, 36%

—from primitive meteorites, 42

—problematical yellow-brown, 194

—reflectivity of, identification by, 97

—scintillation ¢lucidated by nomograph, 373

—shattered during minor repair-cutting, 237

—silicon carbide inclusion in, 374

—sorting made easy, |14

—ftom South Africa: mining on the west coast, 180; the
diamond ring, history and production of diamonds, 381

—spectra, absorption: of ¢olourless natural, at room
temperature, 143, 144; of Dresden Green 443
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—Sumitomo (see Synthetic and simulaved gemstones)

~—gynthetic (see Synthetic and simulated g }

—itreated: colour zoning in artificially irradiated and annealed
stones; 42; filled, identification of, 43, 240, effect on grading
of, 239, new flash colours seen in, 239; fillers, new, 237;
glags filler, removal of, 180; irradiated blue octahedron, 7%
irradiated green stone, radioactive, I179; laser-drilled,
showing cleavage and branched drili-holes, 306

—trigons on an internal cleavage, 237

—total internal reflection in a polished gem, 101

—from USA: in Murfreesboro, south-west Arkansas, 374;
recent discoveries in Trinity County, California, 309

—from USSR new find near Archangel’sk, 363

DIEHL., R, MENG, K H., Ein gravierter Kashmir-saphir,
371

DIELLA, V., {52¢ Sosso, K., aral)

DIETRICH, R.V., SKINNER, B.]., Gems, granites and
gravels: knowing and using rocks and minerals, 380

Di-iodomethane and all that, Lenter to the Editor, 387

Diopside: chatoyancy in, 309, 395

—gem-grade chromian, from Japan, 375

—green from Pakistan, 447

—~-green ransparent from USA, 376

—as an inclusion in olivine, 370

Dripyre {see Scapolite}

DIRLAM, D.M., (s¢¢ Goebel, M. and Shigley, L.A., et al)

DOIRISSE, M., (se¢ Bartoli, F., er al)

Dolomite: associated with emerald, 357

—as an inclusion in emerald, 157, 423

DOMENECH, M.V, (s¢¢ alse Solans, J.)

—SOLANS, 1., Estructura cristalina, composicion quimica y
propriedades fisicas de las gemas. 1 Densidad, 236

Damincan Republic:

~—amber from: containing fossil mushroom, 308; snail shells
in, 443

—pectolite from: blue, 242; characteristics and mining history,
372; geological occurrence, 369

DORBES, 1., (se¢ Bille, C., et al}

DORDIA, J., (see Karwowskd, 1)

DOWNING, P.B., Opal adventures, 244

Dresden Green diamond, 439, 443

DUBOQIS-FOURNIER, J., LENAIN, B., LE MAGUER, D.,
La microspectrofluorescence et ses applications en
germunologie, 106

DUBOWSKI, E.A., (see Flint, D.J., et al.)

DUNHAM, K.C., Geology of the northern Pennine orefield.
Vol 1. Tyne te Swinmore, 386

DUTROW, B.L., (sec Dyar, M.D., er al.)

DYAR, M.D., PERRY,C.L., REBBERT, C.R., DUTRCW,
B.L., HOLDAWAY, M.].,, LANG, H.M., Mossbauer
spectroscopy of synthetic and namrally ocourring
staurclite, 447

EADIE, J., Gemmological visual aids, 207

—Paper gems, 498

East Africa (see also Kenya, Malawi and Tanzania):
—corundum from the Umba region, inclusions in, 114
—garner, uruseal orange-brown, from, 103

—ruby production potential of, 484

Eaton, Mrs A., Obimary, 116

EDIRTWEERA, R.N., (see Perera, 8.2, ez al.)

Egypt:

—emeralds from: from Dijebel Zabarah, 164, 372;
gemmological properties, 170

—Pharaoh’s forgotten emerald mines in: 164, 372; Castiglioni
expedition to, 166; Djebel Zabarah, mines of, 168, 169,
170; emeralds from, 170; previous expeditions to, 164,165;
Sikeit, ancient city of mines at, 166, 167, 169

EIDT, T., (see Schwartz, I}, et al.)

Fickhoerst Thermolyzer, 374

J Gemum., 1941, 22

Ekanite: star, 239

Elbaite (s2¢ Tounnaline)

Elecrron ittadiation of beryl, 33

Electron microprobe analysis, impact of on gemmology, 237

Eleciron microprobe data:

—of amphibole rock, black, resembling jadeite, 133

—of chlorite, 170

—of corundum, geuda, 405, 406

—of emerald: from Austria, Habachtal, 171; from Brazil,
Santa Teresifia, 175, Socotd, 154, of inclusions in, 156,
157; from Colembis, Ganchala, 416, Muzo, 171; from
Egypt, in Djebel Zabarah, 171; from USSR, 171; from
Zimbabwe, 270

—of Lechleitner synthetic emerald, 23, 24

—uof phlogopite, 170

—of plagioclase, 17¢

—of sapphirine, 138

—aof ruby: 491, 492; of minerals associated with, 492

Electron-spin resonance, impact of on gemmology, 237

Emerald: 242

—absarprion specra (see Spectra, absorption belesy)

—agctinolite/tremolite inclusions in, 156, 158, 268, 271, 272;
microprobe analysis of, 156

—from Afghanistan: from Panjsher Valley, absorption in UV,
418, absorption spectrum in visible light, 417, 301;
typemorphic features of, 238

—albite inclusicons in, 421, 423, 501

—allanite inclusions in, 157, 158; microprobe analysis of, 1536

—apatite inclusions in, 157, 161; microprobe analysis of, 156

—from Australia; in Poona, WA, 382

—from Austria: from Habachtal, chemistry of, 171, 172,
lattice parameters of, 172, 173, 174; mineralization during
regional metamorphism, 228; in Untersulzbachtat,
discovery of, 372

—ftom Brazil: chemistry, 376, thermal conductance, 234;
from Belmont mine, 376; from Capoeirana, gemmological
properties, inclusions, 106; from Carnaiba, 148, annual
output, 149, chemistry of, 172, lattice parameters of, 172,
173, 177, occurrences in, 147; in Conquista, absorption
spectrum, 415; in Ieabirz, infrared spectrum, 218; from
Mova Era, 109 from Riacho do Mamae, gemmological
properties, inclusions, new discovery of, 105; from Santa
Teresifa, 41, 376, chemistry of, 175,172, high Cr content,
416, lattice parameters of, 172, 173, 177, inclusions, 241,
infrared spectra, 174, 175, 176, 218, occurrence, 24/,
optical dats, 241, treated with Opticen, 110; from Socotd,
annual output, 149, geology of region, 150, 151, 152, 153,
154, growth phenomena in, 159, 160, 162, inclusions, 154,
155, 156, 157, 158, 159, 161, 162, infrared spectrum, 218,
microprobe analysis, 154, mining methods, 149, 150,
optical properies, 154; from Taud, infrared spectrum, 219

—bruennerite inclusions in, microprobe analysis of, 157

—ualcite inclusions in, 157, 421, 423; microprobe analysis of,
157

—carbonaceous shale inclusions in, 421, 423

—carbonate inclusions in (se¢ afse Breunnerite inclusions,
Calcite inclusions above and Dolomite inclusions below),
241, 421

—cat’s-eye, 410

—<chalcopyrite inclusions in, 241

—chlonite inclusions if, 156

—rchromite inclusions in, 159, 501; microprobe analysis of,
156

—ftom Colombia; absorption spectra, 411, 412, 413, 414,
416, 418, 439, chemical composition, chromophores and
trace elements, 410, 411, colour, stability of, 501, crystal
morphology, 410, damage to a set stone, 501, 502, densiry,
418, 419, distincdon from natural and simulated emeratds,
501, distinction from synthetics, 502, fluorescence, in UV
and visible light, 418, 421, gemmological review of, 239,
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genesis, hypotheses of, 357, 370, geographical locations,
356, geological occurrence, 238, 357, growth structures,
423, 424, 425, 428, 429, 430, 439, inclusions, 418, 419,
420, 421, 423, 439, 501, infrared spectra, 218, 216,
mictoprobe data, 416, minerals associated with, 238, 357,
mining, [&f, 356, 359 170, notable specimens, 356, 410,
optical daea, 418, 419, 439, thermal conductance, 234,
treatments, 501, 502, typomorphic features of, 238, from
Chivor, infrared spectrum, 218; from Ganchala,
distinguishing features, 416, 423; from Muzo, chemistry,
§71, 172, infraved spectroscopy of, 173, 174, 175, 176,
lattice parameters, 172, 173, 177, mining problems, 42,
thernmal conductance, 234

—calour filter tests on, 212, 213

—colour zoning in Colombian, 423, 425

—damage to: by heating, 501; in a serting 501, 502;

—definition of, based on Cr content, 502

—dolomite inclusions in, 157, 423; microprobe analysis of,
157

—doublets of, 235

—from Egypt: from Djebel Zabarah, 164, 372; electron
microprobe analysis of, 171;gemmological characteristics
of, 170; infrared spectroscopy of, 173, 174, 175, 176;
lantice parameters, 172, 173, 177

—electron microprobe analyses, 154,171, 270, 416

—emerald/beryl inclusions in, 159

—famous crystals, 450

—feldspar inclusions in, microprobe analysis of, 157

—filled fractures in, 237

—fluid inclusions in, 418, 419, 420

—genesis oft Austrian, 238, Colombian, 238, 357

—geological occurrence: in Austria, 238; in Brazil, Socotd,
150, 151; in Colombia, 238, 357; in Zimbabwe, 264

—pgersdorffite inclusions in, 501

—goethite inclusions in, 159, 161, 423, 441

—growth structures: as an aid to distinguish between natural
and synthetic stotes, 427, 431, 434, 438; in Colombian,
423, 424, 423, 428, 429, 431; in Socotd, 159, 160, 161,
162; measurement of angle formed by two sets of growth
planes, 351; in Nigerian, 430, 431, 432

—hematte inchusions in: 501; alteration te goethite, limonite
ot lepidecrocite, 139, 161, 241, 441

—ilmenite inclusions in, 247

--imitation (see Synthetic and simulated gemstones)

—inclusions in, 106, 154, 155, 156, 157, 158, 159, 161, 162,
418, 419, 420, 421, 423, 441

—from India: thermal conductance, 234

—from ltaly: from Val Vigezzo, chemistry of, 172, lattice
parameters, 172, 173, 177

—lepidocrocite inchusions in, 159, 161

—limonite inclusicens in, 159, 161, 447

—from Madagascar: absorption spectrum, gemmological
properties, inclusions, 447

—magnetite inclusions in, 501

—mica inclusions in: 155, 156, k58, 161, 241, 271, 272;
microprobe analysis of, 156

—microprobe analysis: of Ganchald, 416; of Machingwe, 270,
of Socotd, 154

—mineralization during regional metamorphism, 238

—mining: in Colombia, 181, 356, 359, 370

—muolybdenite inchusions in, 159, 161, 501

—natural and synthetic, distnguished by growth structures,
427, 431, 434, 438

—from Migeria: crystal morphology, 431; growth strucmures,
430, 431, 432; in Jos, absorption in the UV, 418, infrared
spectrum, 218, low Mg, Na content, 411; measurement of
angle between two sets of parallel growth planes in, 351

—oiling of {se¢ Treated stones)

—opucal dara: for Colombian, 41%; for Zimbabwean, 271

—orthite inclusions i {see Allanite inclusions above)

—from Pakistan, 244: high refractive index and densiry values,
501, inclusions, 501, typomorphic features of, 218; in
Mingora, chemistry of, 172, lattice paramerers of, 172, 173,
177; in Swat Valley, high Cr content, 416, thermal
conductance, 234

—parisite inclusions m, 421, 423

—rpentlandite inclusions in, 244

—phlogopite inclusions in, 441

—pyrite inclusions in, 159, 241, 421, 423, 501

—quarnz inclusions in, 157, 161, 421, 423

—rutile inclusions in, 241

—from South Africa: in Leysdorp, mineralization during
regional metatnorphism, 238

—from South America; in Cobra Mine, thermal conductance,
234

—from Spanish galleon Nuestra Senora de Atocha, reasure
of, 180

—spectra, absorption: of Afghan, 417; of Brazilian, 415; of
Colombian, 411, 412, 413, 414, 416; of Madagascan, 441;
in the UV, use in disinguishing natural from low-iron
synthetics, 418; in Zimbabwean, 270

—spectrometry, atomic absorption, of, 270

—spectrometry, inductively coupled flame plasma, of, 270

—spectroscopy, infrared: classification of natural and
synthetic, 220; distinction berween natural and synthetic,
215, 217, 219, 221, specira, 174, 175, 176, 218, 219, 221

—irom Sri Lanka, poor quality, 180

—synithenc emerald {see Synthetc and simulated gemstones)

—tale inclusions in, 156, 241, 501

—from Tanzania: from Lake Manyara, infrared spectra, 221

—ithermat conductance of natural and synthenic, 233, 234

—three-phase inclusions in, 418, 419, 420

—tourmaline inclusions in: 157, 159; mictoprobe analysis of,
157

—trapiche, 410, 423

—treatments of (see Treated stones)

—two-phase inclusions in, 423

—typomorphic featres of, from various deposits, 238

—from USSR: typomorphic features of, 238; from the Urals,
chernistry of, 171, 172, lattice parameters, 172, 173, 177,
thermal conductance, 234

—from Zambia: infrared spectrum, 218; mines in, 309; in
Morrua, chemisury of, 172, lattice parameters, 172, 173,
177

—from Zimbabwe: geclogy of, 264, 265, 266, occurrences,
266, 267, optical data, 271; from Machingwe, chemical
analysis, 270, gemmological properties, 270, geology, 267,
268, inclusions, 268, 271, 272, infrared specaum, 218, new
discovery in, 264, optical data, 271, photomicrographs of in
host rocks, 268, production potential , 268; from
Sandawana, chemical analysis, 270, high Cr content, 416,

imilarity to Machingwe emeralds, 271

Emeraldolite (see Synthetic and simulated gemstones}

Endoscope, use in pearl identification, 10, 331

Bosphotite: associated with rose quartz, 282

Epidote: gem crystals from Val Punteglias, Switzerland, /13

EPSTEIN, D.5., Brazlien trio, 106

—The Capoeirana emerald deposit near Nova Era, Minas
Gerais, Brazil, 106

ERCIT, T.S., (se¢ Groat, L.A., et af)

Buclase: associated with emerald, 357

—from Zimbabwe, 108

EVANS, D.J.F., {se¢ Frank, F.C., et al)

EVEN-ZOHAR, C., Namibia: walking on diamonds, 237

Examinations:

—Gem Diamond Examination: 1989, 46; 1990, 314; 1991,
306

—Examinations in Gemmology: 1989, 48; corrigendum, 119;
1990, 315; 1991, 506

Executive Meetings, 53, 185
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Exhibitiens:

—Cheapside Hoard, new display av the Museum of London,
249

—Gemstones, Geological Muzeum, London: proposed new
exhibition and re-location of, 130

—Mineral Gallery, The Natural History Museum, London:
proposed new exhibition and re-location of, 130

—Treasures and Trinkets, Museutn of London, 249

Exploration for gemstones, isotopes used in, 114

Export of nawral heritiage specimens: Letter w the Editor,
186

Extraordinary General Meeting, 247

FARN, A. E., Pocahontas, 331

—Letter 1o the Editor, 451

FAULEKENER, M., SHIGLEY, ].E., Zircon from the Harrs
Range, Northern Territory, Australia, 178

FEDERMAN, D., Modern jeweler’s consumer guide 1o
gemstones, 244

FEDOSEEV, D.V., (see Derjaguin, B.V.)

Feldspar {see afso K-feldspar and Plagioclase):

—gem and ornamental varisties, 107, 1}

—ag an inclusion in emerald, 157

—from Kenya, 178

FERREIRA, J.A.M., KARFUNKEL, J., SILVA, L. T,
Turmaline mit ungewdhnlich intensiven Farben von
$algadinho, Paraiba, Brasilien, 371

FIELD, R.., Colour in Scowtish agates, 237

Figure-O-Scope, 113

Finland: beryl from, 239

—ruby from Kirilae, Lapland, 10%

FLAMINI, A., {se¢ Attanasio. D., et al)

FLEISCHER, M., MANDARING, J.A., Glossary of mingral
apecies, #48

FLINT, D.]., DUBOWSKI, E.A., OLLIVER, ].G., Latest
report on Cowell jade, 371

Fluorescence in variscite, 104

Fluorite: 447

—associated with emerald, 238, 357

—colour-change from Schwarzwald, Gerroany, 376

—colour filter test on yellow, 213

—green, imitating emerald, 369

—world occurrences, 378

FOSTER, G.V., BARKER, N.I,
photographing jewellery, 287

Forgterite (322 afso Olivine and Peridot):

—as an inclusion in pyrope, 374

France: azurite from Chessy, 441

—crown jewels of, 115

—iuby from Chantel, f09

FRANE, F.C., LANG, A R, EVANS, D.JF, ROONEY, M-
L. T., SPEAR, P.M., WELBOURN, C.M., Orientation-
dependent nitrogen incorporation on vicinals on
synthetic diamond cube growth surfaces, 237

FRAZIER, 5., FRAZIER, A., Inter-Agate, 06

~-Phantoms, 106

Fresnel equation, simplified, 97

FREY, R., Jade in Kotea, 371

—SateHite scans: technical notes and gazetieer, 441

FRIESE, B., Morphologic und Entstehung der Sternsaphire

Suggestions for
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pavilions, 42

—SHIGLEY, ].E., ROSSMAN, G.R., MERCER, M.E.,
MUHLMEISTER, $.M., MOON, M., Gem quality
cuprian-efbaite tourmalines from S¥o José da Batalha,
Paraiba, Brazl, 306

Frondelite asseciated with tose quartz, 283

FRYER, C.W., {se¢ Koivula, L.1L, et al)

—CROWNINGSHIELD, R, HURWTT, K.N., KANE, RE.,
HARGETT, D., Gem Trade Lab notes, 42, 166, 179, 237,
308, 441

Fuchsite: electron microprobe analysis, 492

—as an inclusion in ruby, 491

FUERTES MARCUELLOQ, J., GARCIA GUINEA, ].,
Caracterizacion mineraldgica ¢ historica dgl larimar de
Barahona, 372

FUIINUKI, T., (see Wade, K.}

FUKUNAGA, 0., (see Mivamoto, M., et ol.)

GAA’s gemmological nomenclature, appropriateness of, 1990
Presidential address, 305

GABRIEL, W., (see Weibel, M., et al)

Gahnite (see alse Spinel): from Central Nigena, 202

GAMINI ZOYSA, E., (see Harding, R.R.)

GANGEWERE, R.]., (s¢¢ Souza, R.A., eral.)

GARCIA GUINEA, ]., (se¢ Fuertes Marcuello, ).)

GARCIA GIMENEZ, R., LEGUEY, 5., Saphirs et rubis de
Tanzanie, 237

Garnet: (see alse Almandine garnet, Grossular garnet, Pyrope-
almanding, Pyrope gamet, Rhodolite, Tsavorite)

—associated with rose quartz, 274

—diamond inclusions in, 377

—unusual orange-brown, from East Aftrica, 103

GAUTHIER, G.J., {se¢ Lhoest, .., et al.)

GAUTHIER, ].-I'., LASNIER, B., La perle noire obtenue par
traiternent 4 "argent, 237

GAUTRON, L., Alpine quartz, 237

Gemdata gem identification programme: evaluation of, f11;
modified version available, 119

Gem deposits, world map of, 119

Gem Diamond Pen, 375

Gemeter, 97, 98

Gemexpert, 98, 99

Gemfields, 780

Cremn identification:

—best light for ?, 241

—computer software for. Gemdata gem identification
programme, evaluation of, 111; gem identfication sofiware,
GIS, preliminary assessment of, 180, Lexter, 309

—gem 1esting, 243

—Seellenbosch gem index, 245

Gem localities of the 1980s. 247

Gemmological Associauon of Great Britain: correspondence
coutses, wranslation of into Chinese, 231, 232; merger with
the Gem Testing Laboratory of GB, 194

Gemmological Conference, XX International, Italy, 38, 187

Gemmological teaching aids, visual:

—colorimeter, spinning dise wistimulus: colour measurement
with, 338, 339

—1to demonstrate formation of conoscopic figures, 338

aus Zaire, 372

FRITSCH, E., (32 alsc Kammerling, R.C., er al., Kane, R.E.,
et al., Koivula, L, et al, Robert, D)., e af., and Woodruff,
R.E)

—CONNEER, L., FOIVULA, ]I, A preliminary gemological
srudy of synthetic diamond chin films, 41, 106

—ROSSMAN, G.E., Hew technologies of the 1980s: their
impact in gemology, 237 -

—SHIGLEY, ]., Centnbutions to the identification of treated
colored diamonds: diamonds with peculiar color-zoned

goniometer, single circle: demonstration of optics with, 337,
338

—microscope, horizontal axiz immersion: projection of gem
mucrastructures with, 338

—models, demenstration: of axes of symmetry, 207, 209; of
ordinary light, 208, 209, of plane polarized light rays, 208,
209; of spinel twin, 209

Gemmological weaching: in Catalonia, 337; in China, 224,
226, 229; in Hong Kong, 224

Gemmological tool, sodium pelymungstate as a, 364

Gemmeological visual aids (see Gemmelogical teaching aids,
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visual)

Gemmology; 448

—conitributions to by 1.]. Snow, 109

—histoty of, contributicens to: Carl Peter Thunberg and
Ceylon gemstones, 463

—new technologies of the 1980s: their impact on, 237

—the current decade, a review of treatments, 240

Gems and orystals, how they can transform your life, 281

Gems, granites and gravels, 380

Gemstones: crystal structure, chemical composition and
physical properties of. Part 1, Density, 236, Parc 2,
Hardness, 377

—~depicted on postage stamps, 111, 498, 499

—and easly Arabic writers, 446

—ephancement and its detection , 239

—exhibition at the Geological Museum, London: proposed
new display and re-location of, 130

—modern jeweller’s consumer guide o, 244

—in The Watural History Museum, London: proposed new
exhibition and re-location of, 130

—prospects in Central Nigeria, 195

—relationship between chemical composition and density of,
236

-—and their origing, 182

Gem Testing Kir, 55

Gem Testing Laboratory of Great Britain: merger with the
Gemmological Association of GB, 194

GENDRON, F., Le jade ¢n Meso-Amérique, symbole de
pureté et de vie, 167 .

Geology:

—in Brazil: in Bahia, of Serra de Jacobina, 150, 151, 152, 153

-—of Coober Pedy precious stones field, 382

—and evaluation of the Guinean diamond deposits, 113

—in Great Britain: of the northern Pennine orefield, 380

—uof Kenya: 484, 485; of Baragoi area, 486; of Mangari muby
deposits, 484, 485

—in Zimbabwe: of greenstone beles, 264, 265; of Rhodesian
craton, 266, 267

Germany:

—apgare from: deposits in the Idar-Oberstein area, 107, from
the Harz region, I11; in Savony, 246

—museums in West Germany, 445

—Saxony: agate from, 240; gemstones of, 375; mmerals of the
Erzegebirge, 375

Gersdorffite as an inclusion in emerald, 501

GlA: Gem Trade Lab notes, 42; 106, 179, 237, 306, 44!

—internatonal gernmological symposium, 504

GIELISSE, P.J., {see Rink, W.]., er al.}

Gifts to the Association: 45

GILLBERG, L., Opaler i Australia, 237

Gilson synthetics {see Synthetic and simulated gemstones}

GIS gem identification system, 180, 309

Glass: (see also Synthetic and simulated gemstones)

—foiled, imitating cubic zirconia, 179

—helenite, made from Mount Saint Helens ash, 105

—imitating black onyx seal stones, 106

—imitatng opal, 108

—irnidescent, Letter to the Editor, 56

—natural iridescent, from Mexico, 107

—radioactivity of some greenish yellow, 781

—uranium: used as imitations and in triplets, radioactivity of,
181; probable, in the fonm of an egg, 306

GLENISTER, D .A., {se¢ Pienaar, H.5.)

GODOVIKOV, A.A., BULGAK, L.V., (Fersmany, 197

GOEBEL, M., DIRLAM, D.M_, Polynesian black pearls, 107

Goethite: as an inclusion in emerald, 159, 161, 423, 441

Gormanite: as an inclusion in quartz, 374

GOSLING, ].G., An unisual agate from Guyana, 76

GOUPIL, V., Les évangéliaires précieux, 147

GRAESER, S., (sec Weibel, M., er al.)
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GRAMACCIOLI, C.M,, (see Pilau, T., et al., and Sosso, F., et
al)

GRANADCHIKOV, B.G., (see Gromov, A.V., et al)

Granites: amethyst from geodes in Korean, 204

—of Migeria, Ceneral: 196; aquamarine, smoky quartz and
topaz in, and near contacts of, 197; tin production from,
196; tourmaline-bearing pegmatites associated with, 198

—of Zimbabwe: 264, 266; pegmatites derived from, 267

Graphite: associated with ruby, 487, 489, 495

—as an inclusion: in corundum, 1i4; in diamond, 30¢

GRAZIANI, G., (ser Awtanasio, D, & af., and Bridges, C.R., et
al}

Great Britain: (see alio Scotland and Wales)

—agate from, 115, 237

—eem and ornamental enineraks of, 240

—geology of the northern Pennine orefield, 380

—gold rocks of, 244

Greece: ruby-bearing marbles in, 373

Greenland: ruby from Fiskenaesser, 109

GRICE, ].D., Famous mineral localities of Canada, 380

—BOXER, G.L., Diamonds from Kimberley, Western
Ausiralia, 372

GRIFFIN, W.L., COUSENS, D.R., RYAN, C.G., SIE, S.H,,
SUTER, G.F,Niin chrome pyrope garnets: a
new geothermometer, 107

GRILLARD, G., Gemfields, 780

GROAT, L.A., RAUDSEPP, M., HAWTHORNE, F.C,,
ERCIT, T.S., SHERRIFF, B.L., HARTMAN, ].S., The
amblygonite-montebrasite series: characterization by single-
crystal strueture refinement, infrared speciroscopy and
multinuclear MAS-NMR specuroscopy, 372

GROMOV, AV, GRANADCHIKOV, B.G.,
ANDREYENKO, E.ID., {Typomorphic features of
emetalds frorn various deposits), 238

Grossular gamet: (see also Garnet)

—from Canada: growth strucoare, non-cubic symmetry of, [03

—unusual parti-coloured from Africa, 444

Growth sructures:

—as an aid to distinguishing berween natural and syntheric
gemstones: 344; of amethyst, 479, 481, 482; of citrine, 482,
of emerald, 427, 431, 434, 438; of ruby, 476, 479; of
sapphire, 472, 474, 476

—of grossular gamnet, 103

—in optical uniaxial grmostones, microscopic determination of,
344

—in sapphire, 350, 372 :

GRUBESSI, 0., AURISICCHIO, C., CASTIGLIONI, A,
Lo smeraldo delle miniere dei faroni, 372

—The Pharaohs’ forgotten emerald mines, 164

GRUNDMANN, G., MORTEANI, ., Emerald
mineralization during regional metamorphism: the
Habachral {Austria) and Leysdorp (Transvaal, Souih
Africa) deposits, 238

—SCHAFER, W., HOFER, H., Smaragde aus der
Kesselklamm, eine interessante Neuentdeckung im
Untersulzbachtal, 372

Guatemnala; jadeite from, 131, 307, 370

GUBELIN, E., (se¢ Bridges, C.R., eral}

Guinea:

—diamond from: geology and evaluation of depasits in, 113;
production, 378

GULIANI, G., RODRIGUEZ, C.T., RUDEA, F., Les
gisernents d’emeraude de la Cordillere Orientale de 1a
Colombie: nouvelles données metallogéniques, 237

GUNASEKERA, H.P.N ], (sec Perera, $.Z., er al.)

GUO, 1., (see also Wang, F.)

—WANG, F.Q}., Chicken-blood stone, 367

Guyana: agate, unusual, from, 76

—diamond development and exploragon in, 444
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Hackmannite, 42

HAITLL, R.GG., Opals of the Never-Never, 350

HAMMOND, C., Introduction ta crystallography, 380

HANANO, J., WILDMAN, M., YURKIEWICZ, P.G.,
Majorica imitation pearls, 307

HANCOCK, D.A., (sec Malone, F.]., et al.)

HANNEMAN, W.W., Sodium polytungstate as a
gemmological tool, 364

HANNI, H.A., A contribution to the distinguishing
characteristics of sapphire from Kashmir, 67

—Ein Beitrag zu den Erkennungsmerkmalen der Kashmir-
Saphire, 372

—TItisierendes navirliches Glas aus Mexiko, 107

—IL&s feldspaths, 107

—Les gemmes du groupe des beryls, 372

—Leatter to the Editor, 250

—WEIBEL, M., Urzache des Katzenaugen-Effekis bei
erhitzen Zirkonen aus Sri Lanka, 107

HARDEER, H., Klare und triibe Korunde als Rohsteine fiir
warmbehindelte Saphire aus So Lanka, 17%

—Spinell - artrakeive, aber wenig bekannte Edelstein 103

HARDING, R.R., (s2¢ afse Kanis, J.)

—ZOYSA, E. GAMINI, Sapphirine from the Kolonne ares,
Sri Lanka, 136

Hardness: use in gem testing, 377

HARGETT, D., (se¢ akso Fryer, C.W., e al., and Keivula, J.L,
et al.)

—Jadeite of Guatermnala: a contemporary view, 307

HARTMAN, 1.8, (s¢e Groat, L A, er al)

Hauyne: cause of colour in, 372

Harvard diamond, 377

HAWTHORNE, F.C., (se¢ Groat, LA, er al.)

Heavy liquids: di-iodomethane and all that, Letter to the
Editor, 387; methylene iodide, uses of, 365; sodium
polytungstate, advantages of, density determination with,
physical propetties of, preparation of, 364, refractive index
refated to density, 365

HEFLIK, W., (see Natkaniec-Nowak, L., er al)

Helenite (see Glass)

Hematite: associated with rose quartz, 277, 278

—imitation (see Synthetic and simulated getnstones)

—as an inclusion: in amethyst, 204, Vickers micro-indentation
hardness test on, 205, X-ray analysis, energy dispersive, of,
203, 206, X-ray powder diffraction data far, 205; in
cordierite (see [olite below); in emerald, 159, 161, 24), 441,
541;in iolite, 305, 372 ; in zircon, 42

HEMRICH, G.1.., The jade work of India, 372

HENN, U., (see Bank, H., e al.}

—Cordierit aus Sivd-Norwegen, 372

—BANEK, D., BANK, F.H., Red and orange corundum (ruby
and padparadscha)} from Malawi, 83

—BANE, H., Blaue Saphire aus Malawi, 179

—BANK, H., On the colour and pleochroism of Cu-bearing
green and blue tourmaline from Paraiba, Brazil, 238

—BANK, H., Uber di¢ Farbe der Sodalith-Minerale: Sodalith,
Lasurit (Lapis fazuli} und Hauyn, 372

—BANK, H., BANK, F.H., Orangefarbene Korunde aus
Malawi, J08

—BANE,, H., BANK-SCHEERNER, M., Rubine aus dem
Pamir-Gebirge, UdSSR, 373

—REDMANN, M., BANK, H., Gem thaumasite from the
Black Rock Mine, South Africa, 334

Hennessy, Mrs L., Obituary, 116

Hermans, Mr 1.5., Obiary, 504

Hessonite garnet; colour Alesr test on, 213

—from Sr Lanka, 18¢

Heterosite: associated with rose quartz, 274, 283

HICKES, W.H., Editorial appreciation, 108

HISS, D.A., Geuda wansforms Sri Lanka’s *City of gems®, 108

HLAING, T., The characteristics of Burmese spinel, 108

J Gemm,, 1991, 22

HLAING, U.T., Myanmar diamonds from north to soudh,
367

HOBELT, K.H., Opale von Yowah, Queensland, Australien,
238

HOCHLEITNER, R., Die Sonderausstellung des Fersman-
Muzeums in Mdnchen, 108

—Blaver Euklas aus Zimbabwe, 108

—WEISS, 5., Neue mineralfunde aus Pakistan und
Afghanistan, 442

HODGEINSON, A., Padparadscha - what is meant by this
erm? 442

—-Visual optics, 108

Hodgkinsonite: pink, from Franklin Furnace, New Jersey,
USA, 369

HOFER, H., {se¢ Grundmann, G., e al)

HOFMEISTER, W., (se¢ Bank, H., et al.)

HOLBECHE, S., The power of gems and crystals: how they
can wransform your life, 381

HOLDAWAY, M.)., (see Dyar, M.D., et al.}

Holt, R., Gifts ro the Association, 45

HOLZHEY, G., Untersuchung einer Opal-Tmitation, 108

Honduras, opal report from, 379

Hong Kong: Gemmological Association of, 225, 226

—gemunological teaching in, 224, 225, 226

—imitation onyx seal stones from, 106

—jade auctions in, 446

Hope diamond, 41, 106

HOPKINS, C., (se¢ Sersen, W.J.)

Homblende: as an inclusion in corundum, 86

‘Howlers’, {(examination mistakes), 19

HOYOS, M.A., (see Lifante, G.}

HTEIN, W., {se¢e Huang, U.T., et al.)

HUANG, U.T., AUNG, Z., HTEIN W., Radicactivity in
some minerals in the Mogok, 442

HUGHES, R.W., Corundum, 370

—Talkin® “bour gem-testing instruments, 108, 307

—There’s a rumble in the jungle - the sapphire face-lift face-
off saga, 442

—SERSEN, W.}J., Viemamese ruby, 442

HUNSTIGER, C., Darstellung und Vergleich primirer
Rubinvorkommen in wephen Murtergestes Part
1, 109, Part 2, 179; Pan 3, 373

HURLBUT, C.5., {ser also Kopf, RW., eral)

—KAMMERLING, R.C., Gemology, 443

HURWIT, K..N., (s¢¢ Fryer, C.W., er al)

HUTTON, D.R., TROUF, G.]., ESR spectrum of Australian
synthetic Biron emerald, 442

Identification methods, old and new, 240

Tdocrase (see Vesuvianite)

limenite:

—as an inclusion: in emerald, 24); in star thodolite, 16, 17

Inamori stones (see¢ Synthetic and simulated gemstones)

Inclusions:

—of actinolite/tremolite in emerald, 156, 158, 268, 271, 272

——in agate, of dendrites, 459, 461

—of ajoite in quarnz, 441

—of albite in emerald, 421, 423, 501

—of allanite: in emerald, 157, 158; in sapphire, 74, 372

—of almandine-pyrope in diamond, 179

—in amethyst, of hemnatite, 204, 205

—aof amphibole: in emerald, 241; in iolite, 305

—af anorthite in eorundum, 86

—of apatite: in corundum, i{14; in emerald, 157, 161; in
sapphire, 110, 201; in sapphirine, 138, in zircon, 108

—in betyl, of tourmaline, 377

—of biotite in emerald, 106

—of boehmite: in corandum, i!4; in ruby, 88, 487, 488; in
sapphire, 110, 179

—of breunnerite in emerald, 157
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—of bunch-like crystals in thaumasite, 335

—of caicite: in emerald, 106, 157, 421, 423; in ruby, 42

—of carbonates ity emerald, 241, 421

—causing optical effeces, 460

—in chicken-blood stone, of cinnabar, 307

—of chalcopyrite in emerald, 24/

—of chlorite in emerald, 156

—uof chrome muscovite in ruby, 488

——uof chromite in emerald, 156, 159, 501

—in chrysoberyl, of rutile, 39%

—of cinnabar in chicken-blood stone, 307

—uof clinopyroxene in garnet, 377

—clues to idendty, 113

—in cordierite (zee Iolite below)

—in coryndum: {se¢ afse Sapphire and Ruby beloer) from East
Africa, of apatite, of boechmite, of graphite, of rudle, 114
from Malawi, of anorthite, 86, of boehmite (¥}, 88, of
homblende, 86, of rudle, 86, 87, of zircon, 86, 87

—in digmond: of almandine-pyrope, 179; of garnet, colour-
change, 179; of graphite, 306; of silicon carbide, 374

—of diamnond: in garnet and zircon, 377

—in diopside, of goethite, 395

—-of diopside in olivine, 376

—of dolomite in emevald, 106, 157, 423

—in emerald: from Brazil, from Capoeirana, of biotite, of
calcite, of dolomite, 106, from Nova Era, acicular growth
Tubes, two- and three-phase, 109, from Sania Teresifia, of
amphibole, carbonates, chalcopyrite, hemarite, ilmenite,
mica, pentlandite, pyrite, spinel, talc, 247, from Socotd,
of aceinolite/tremolite, 156, 158, of allanite, 157, 158, of
apatite, 157, 161, of bruennerite, 157, of calcite,
157, chlotite, 156, of chromite, 159, of dolomite, 157, of
emeraldberyl, 159, of feldspar, 157, of goethite, 159, 161,
of hematite, 159, 161, of lepidocrocite, 159, 161, of
limonite, 159, 161, of mica, 155, 156, 158, 161, of
muolybdenite, 159, 161, of pyrite, 159, of quartz, 157, 161,
of tale, 156, of touwrmaline, 157, 15%; from Colombia, of
albite, 421, 423, 501,0f calcite, 421, 423, of carbonates,
421, of dolomite, 423, of fluids, 418, 419, 420, of goethire,
423, of halite, in three-phase, 419, 420, of parisite, 421,
423, of pyrite, 421, 423, of quartz, 421, 423; from
Madagascar, of goethite, of hematite, of limonite, of
phlogopite, #41; from Pakistan, of chromite, of gersdorffite,
of hematite, of magnetite, of molybdenite, of walc, 501; from
Zimbabwe, of actinolite/tremolite, 268, 271, 272, of mica,
271,272

—in emerald, synthetic: Lenniz, 41; Pool, 4I; Russian
“hydrothermal, 105

—of emerald/beryl in emerald, 159

—of feldspar in emerald, 157

—of forsterite in pyrope, 374

—in gamnet: of clinopyroxene, diamond, kyanite, mica, rutile,
sphene, and zircon, 377

—of gamet, colour-change, in diamond, 179

—geofingerprints, 109

—aof persdorfiite in emerald, 501

—of goethite: in diopside, 395; in emerald, 159, 161, 423, 441

—of gormanite in quartz, 374

—of graphive: in corundum, {14; in diatnend, 306

—of hematite: 161; in amethyst, from Korea, 204, 205,
Vickers micro-indentation bardness test of, 205, X-ray
analysis, encrgy dispersive, of, 205, 206, X-ray powder
diffraction data for, 205, 206; in emerald, 159, 241, 441,
501; in jolite, 305, 372, 395; in zircon, 42

—hidden beauties of gemstones, 109

—of homblende in corunduim, 86

—of ilmenite: in emerald, 241; in star chodolite, 16, 17

—importance of in gem evaluation, 459, 460

—influence of on crystal structure, 1046

—in iglite; in aventurescent, of amphibole, 35, of apatite (),
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105, of hematite, 305, 372, 395, of lepidocrocite, of
magnetite, 395, of pinite, 305; in car’s-eye, of whitish fibres,
396

—uof kyanite in garnet, 377

—of lazulite in quarez, 237

—of lepidocrocite: in emerald, 159, 161; in iolite, 395

—of limonite in emerald, 159, 161

—of magnetite: in emerald, 501; in iolite,395

—of mica: in emerald, 155, 156, 158, 161, 241, 271, 272; in
gamet, 377

—of molybdenite in emerald, 159, 161, 501

—of negative crystal containing liquid and a gas bubble in
thaumasite, 335

—in olivine: of diopside, of serpentine, 370

—in opal: of quartz, 105; whitish, egg-like, 306

—of arthite (ser allanite above)

—of pargasite ity sapphire, 70, 73, 74, 372

—of parisite in emerald, 421, 423

—uof pentlandite in emerald, 247

—of phlogopite in emerald, 441

—of pinite in iolite, 305

——of plagioclase in sapphire, 73, 74, 372, 376

—of pyrite in emerald, 159, 241, 421, 423

—in pyrope, of forsterite, 374

—in quartz: of ajoite, 441; of gormanive, 374; of lazulive, 237;
of rutile, 286; of tourmaline, 285, 286; two-phase, 274, 286

—uof quartz: in emnerald, 157, 161, 421, 423; in opal, 105

—in ruby: from Burma, of calcite, of rutile, 42; from Kenya, of
boehmite, 487, 488, of chrome muscovite, 488, of rutile,
487, 488, 489; from Malawi, of boehnite (?), 88, of rutile,
87, of zircon, 87

—of nuile: in chrysoberyl, 395; in corundum, 114 in emerald,
241; in gamnet, 377; in rose quarez, 286; in ruby, 42, 88,
487, 488, 489; in sapphire, 70, 71, 72, 73, 74, 87, 179, 372,
376, 439; in star thodolite, 16, 17; in zircon, 42

—in sapphire (see also Corundum obove}: from Australia, of
zircon, age of, 236; from India, in Kashmir, of allanite, 74,
372, of dust clouds and lines, 70, 71, of pargasite 70, V3,
74, 372, of plagioclase, 73, 372, of rutile, 70, 372, of
wurmaline 70, 73, 74, 372, twin lamellae in, 70, 71, of
uraninite, 73, 74, 372, of zircon, 70, 73, 74, 372; from
Malawi, of bochmite, of rutile, of zircon, 779; from Nigeria,
of apatee, 201, of zircon; from Thailand, of apatite, of
boehmite, [160; of plagioclase, of rutile, 376; from USA, in
Montana, of rutile, 439

—in sapphirine, of apatite, 138

—in sellaite, of fluid, of growth ubes, of three-phase, 103

—of serpenting in olivine, 37¢

—of silicon carbide in diamond, 374

—nf spessartine, in topaz: optical microscopy of, X-ray powder
diffraction analysis of, 367

—of sphene it1 garnet, 377

—of spinel in emerald, 24/

—in star thodeolite : causing star effece, 16; of ilmenire, 16, 17;
of rutile, 16, 17; of zircon, 16

—in taaffeite, of uraninite, 239

—of talc in emerald, 156, 241, 501

—in tanzanite cat's-eye, of parallel channels, of two phase, 397

—in thawmasite: of bunch-like crystals, 335; of negadve crystal
containing liquid and a gas bubble, 335

—in topaz: of limonite-stained dislocadon chantiels, 460, 169
of spessartine, 366

—of tourmaline: in beryl, 377; in emerald, 157, 13% in rose
quartz, 285, 286; in sapphire, 70, 73, 74, 372

—aof uraninite: in sapphire, 73, 74, 372; in waffeite, 239

—in zircon: of apatite, 108; of diamond, 377; of hematite, 42;
of nutile, 42

—of zircon: in gamet, 377; in ruby, 86, in sapphire, 70, 73, 74,
86, 179, 201, 236,372; in star thodolite, 16

India: aquamarine from, {10, 368
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—bone, carved, from 440

—Cambay bead industry, diamond drill used in, 91

—emeralds from: thenmal conductance, 234

—iolite from: aventurescent, inclusions in, 395; car’s-eve,
parallel fibres in, pleochroism in, 396

—jade work of, 372

—moonstone from, identfied as andesine, 47

—iuby from Alipur, Mysore, 180

—sapphire: from Kashmir, characteristics of, 67;
detenminaton of, 372; engraved, 371

—zircon frem Orissa, 42

Indonesia:

—diamonds from: in Kalimanean, nitrogen-defect aggregation
charactenstics of, 446

Induced nevtron activaton analysis of zircon, 201

Information sources in Earth sciences: bibliographies,
abstracts and indexes, 112

—computerized information services, 17

Infrared spectra (see Spectra, infrared)

Infrared spectrometry/spectroscopy (see¢ Spectrometry/
Specmroscopy, infraved)

Instruments: {se¢ alie Chelsea Filter, Microscope, Reflectivity
meter, Refraccometer, Thermal conductance meters)

—Alpha-test thetmal conductance meter, 233

—DBead buyers and parcel pickers filter zet, evaluation of, 212:
Aqua-Filter, 212; Blue Filter, 213; Deep Green Filter, 213;
Ruby Filer, 213

—Brewster-angle refractometer, 100, 102

—Ceres Diamond Probe, 375

—Chelsea Filter: identification with, 240; similarity of to the
Hanneman Aqua-Filter, 212; transmission spectrum, 24¢;
75

—colorimeter, spinning disc wistimulus, 338

—computer software for gem identification: Gemdara, [11;
GIS, 180, 309

—conoscope {see Figure-0-Scope below)

—Eickhorst Thermolyzer, an additional use for, 374

—endoscope, pearl, 10, 331

—fitre opuc cold kight illuminaver EK-1, fif

—Figure-0-Scope, use of, 113

—em Diamond Pen, 375

—Gemeter, 97, 98

—Gemexpert, 98, 99

—Gem Testing Kit, portable mini, 55

—spold-meter, 445

—goniomexer, single circle, 337, 338

—Jeweler's Eye, 97

~—Linicen LV-125% vacoum pump, 309

—Martin Gem Analyser, 98, 99

—Medo Hand vacuum tweezers, model MH-100, 369

—Mernler BS, B6, M5 balances, radiation alert on, 309

—microscopes: dark-field illuminator for gemmological, 186;
horizontal axis immersion, 338, 344; Kiowa, an inexpensive
conversion unit for, 440; measuring ocular used with, 351,
427; Sortoscope, 114; stereoscopic, SM—4G, SMS-10, 115
stereozoom SZM-1, SMZ-2 with phototube, 111

—Presidium DiaMeter - System Berger, 443, 444

—Presidium Mini-Marte heat-probe, 444

—radiation alert {se¢ Meltler balances above)

—Rayner DiamondScan, 98, 108

—Rayner Diamond Tester ME 4, 54

—sample holders: daree-axial, 350, 351; two-axial, 427

—talkin’ ‘bout gem-testing instruments, 108, 367

—Treasure Chest gem tester, thermal conductivity probe, 306

di d, potentially destructive,

T 5, d-grit impreg
308

Intergern Fair 1990, 249

Totergemlab Group, 117

Iolite (see also Cordierite):

—from Australia: aventurescent, 305
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— aventurescent; from Australia, 305; from India, 395

—cat's-eye, 239, 309, 396

—from India: aventurescent, inclusions in, 395; catv's-eye,
parallel fibres in, pleachroism in, 396

Irradiation (se¢ also Treated stones):

—detection of in blue wpaz, 178, 371

—of diamonds, 42, 179, 442;

—of white topaz from Nigeria, 202

Isotopes used in exploration for gemstones, 114

Ttaly:

—emerald from: in Val Vigezzo, chemistry of, 172; lattice
parameters, 172, 173, 177

—gem materials of, 37f

—olivine from: transparent green, in Val Malenco, Sondrio,
370

—XXTI International Gemmological Conference in, 38, 187

Ivory: elephant, stuctural difference from bone and vegetable
ivory, 105

—rare types of, 305

—structural differences between elephant ivory, vegetable
ivory and bone, 105

—uvegetable, structural difference from elephant ivory and
bone, 105

JACQUES, A.L., (s¢¢ Taylor, W.R., ¢t al.)

Jade: (see afso Jadeite and Mephrite}
lluvial deposits, develoy of from jade lodes, 444

—along Burtna®s jade wail, 444

—ancient jade, preface to collected and illustrated works on,
378

—auctions: in Burina, 374; in Hong Kong, 446

—black, a dilemma, 131

—carvers and their customers in Ming China, 44/

—in Central America, 107

—Chinese: carvets and their customers in Ming China, 441,
exhibiton of, 370; flowers in, 376; in Khotan, 378, sand-
buried ruins of, 446, visits v High Tartary, Tarkand and
Kashgar, 446

—dilemma of the 19803, 374

—like gemstones, ureyite in, 226

—in Korea, 37/

—market in, worldwide view of, 372, 443 (2)

—neaolithic carving of in China, 242

—uorigin of, 374

—of the Pacific, 439

—sawing of, 439

—search for, the, 447

—irom Taiwan, prehistoric zooanthropomorphic eartings, 446

—rauble at the mines, difficulties in working the Burma jade
tracts, 445

—work in India, 372

Jadeite {ses also Jade):

—black: gemmological properties, 131,132; similarity of to
some amphiboles, 134; geological occurrence, 1345
structure of, in thin section, 133; X-ray diffraction,
identification by, 132

—characterstics of, 374 {2)

—from Guatemala, 347, 370

—from Japan: from Niigata, goed quality green, blue, purple,
black and white, 308

—treated: dyed, detection of, 37¢%; impregnated widh plastic,
179, waxed, 444

—trouble at the mines, difficulties in working the Burma jade
Lacts, 445

JAIN, H., (see Xu, M.Y., ez al.)

Japan: diopside, gem-grade chromian, from the $ano River,
375

—-jadeite from Niigata, 308

—peatls, cultured: baroque black, #06; from Kashikejima, 7,
9; from Lake Biwa, 8, 9, 10
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—ruby from Hida metamorphic belt, 180

JAQUE, F., {see Lifanre, G., et al.}

JARRY, A., Excursion 3 Madagascar, 238

Jasper from Gertany, 240

JEFFRIES, B., (s¢z Malone, F.)., er al)

Jensen, Mr B., Obiwary, 504

Jet, imitation (see Synthetic and simulated gemstones)

Jeweler's Eye reflectivity mever, 97

Jeweler's eye, The, 115

Jewelled book bindings, 107

Jewellery: beyond the plitter, 383

—earrings: from antiquity to the present, 387; prawn claws as,
440; prehistoric zooanthropomaorphic from Taiwan, 446

—master jewellers, 383

—mourning, 104

—nineteenth century, in the collecdon of Mancy and Gilbert
Levine, catalogue of, 115

—of the 1980s, 240

—photography of: backgrounds, choice of, 290; depth of field,
maximization of, 289; lighting, 287, 288, 28%; special
effects, 290

—prawn claws as earrings, 440

—understanding jewellery, 32; corrigendum, 249

JOBBINS, E.A., (se¢ also Shigley, I.A., et al.)

—XXII Gemmological Conference, Italy 1989, 38

—SCARRATT, K., Some aspects of pearl production with
particular reference te cultivation at Yangxin, China, 3
Journal of Gemmalogy corrigenda: Vol. 22, Ne. 1, inside
front cover, 119; No. 3, Gemdata advertisements, 249,
inside front cover, 249

Jupiter-Five, the world’s largest opal, 242

Kaersutite: (see also Amphiboles) possible presence of in black
stones resembling jadeite, 132, 133, 134

KAMMERLING, R.C,, {ser aise Hurlbut, C.5., Kane, RE,
et al., and Koivula, L1, er al.,)

—KANE, R.E., KOIVULA, ]I, McCLURE, S.F., An
investigation of a suite of black diamonds, 442

—FKOIVULA, 1.1, An interesting imitadon of jadeite, 238

—KOIVULA, J.1., An investigation of a dyed quartzite
resembling sugilite, 373

—KOIVULA, ].1., An unusual assembled inclusion specimen,
459

—KOIVULA, LI, An update on assembled smerald
specimens from Afvica, 377

—KOIVULA, J.1, Examinations of a plastic coated, ‘sugar
treated’ opal, 442

—KOIVULA, 1.1, Opals displaying cat’s-eye effects, 443

—KOIVULA, 1., Star thodolite garnet from Tanzania, 16

—KOIVULA, 1.1, Thermal alteration of inclusions in
‘rutilated’ topaz, 109

—FKOIVULA, ]I, Two sirongly pleochroic chavoyant gems,
395

—KOIVULA, 1.I., FRITSCH, E., An ¢xamination of
chrysoprase fromy Goids, Brazil, 443

—KOIVULA, 1.1., KANE, R.E., Examination of an
interesting cultured blister pearl, 180

—KOIVULA, 1.1, KANE, R.E., Gemstone enhancement and
its detection in the 19803, 239

KAMPF, AR, {se¢ Kane, R.E., et al)

KANE, R.E., (s2¢ aise Fryer, CW., &r ol JKammerling, R.C.,
ot al., and Koivula, |1, eral)

—KAMMERLING, R.C., KOIVULA, ]I, SHIGLEY, J.E,
FRITSCH, E., The idenufication of blue diffusion-treated
sapphives, 307

—KAMMERLING, R.C., MOLDES, R., KOIVULA, ]I,
Mc¢CLURE, §.F., SMITH, C.T., Emerald and gold
treasure of the Spanish galleon Nuestra Senora de Atocha,
180

—KAMPF, A.R., KRUPP, H., Well-fortmed 1savorite gem
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crystals from Tanzania, 307

—M¢CLURE, 5.F.,, MENZHAUSEN, ]., The legendary
Dresden Green diamond, 443

KANIS, J., ARPS, C.E.5., ZWAAN, P.C., ‘Machingwe’: a
new ernerald deposit in Zimbabwe, 264

—HAFRDING, R.E., Gemstone prospects in Central Nigeria,
195

KARANTH, R.V., The diamond drill used in the Cambay
tead indusiry, #1

KARFUNKEL, ]., (see Fetreira, J.AM., o1 al}

KARWOWSKI, L., DORDA, ]., The mineral-forming
environment of ‘Marmaros diamonds’, 709

Kashan synthetics {see Synthetic and simulated gemstones)

KATO, M., (Incidence-radiation relations between the
incidence rays through the pavilion}, 373

—{Nomograph for calculadng facet cutting angles), 373

—{Nomuographs for diamond incidence-radiation}, 373

—{Nomographs of diamond incidence-radiation on a
pavilion), 373

—{The scinullation by the incident rays through the pavilion),
373

Kauri gum: carvings, reconstructed, 305

—from New Zealand: mining, occurrence, physical properties,
104

—red, 440

KAZMI, A H., SNEE, L.%W. (Eds}, Emeralds of Pakistan:
geology, gemology and genesis, 244

KELLER, PETER C., Gemstones and their origins, 182

KELLY, 5.M.B., {se¢ also Brown, G., et al.)

—Using the specirosope. A personal assessment of the
conwibuton o gemmology of LI Snow, FGAA, FGA, 109

—BROWN, ., Synthetic periclase, 109

KENT, D.G., Rewarding *howlers’, 19

Kenya: geclogical framework of, 485

—sgeology of Baragol area, 486

—ruby from: from Mangari, electron microprobe analysis,
489, 491, 492; geological occurrence, 372, 484, 485;
metamorphic formation, PT conditons of, 491, 494, 496;
minerals associated with, 487

—szapphire from: cuttable blue from Lodwar, 103; new
disgoveries of, 42

KERRICK, D.M., The Al,Si0x polymorphs, 448

KEVERNE, R., & worldwide view of the Jade market, 373,
443 (2)

KEY, R.M., OCHIENG, J.O., The growth of nibies in south-
easy Kenya, 484

K-feldspar: associated with ruby, 487; electron microprobe
analysis of, 492

—in sstimating temperarre during metamorphism, 494

—giant crystals of, in rose quartz-bearing pegmatites, 274,
276, 277, 278, 280

KIDWELL, A L., Famous mineral localities: Murfreesboto,
Arkansas, 374

KIEFERT, L., {sz¢ alse Schmenxzer, K.}

—SCHMETZER, K., The microscopic determination of
structural properties for the characterization of oprical
uniaxial natural and synthetic stones. Part 1: General
considerations and description of the methods, 344, Pary 2:
Examples for the applicability of structural features for the
distinction of natural emerald from flux-grown and
hydrothermally-grown synthetic emerald, 427, Part 3:
Examples for the applicability of stracrural features for the
distinction of natural and synthetic sapphire, ruby, amethyst
and citrine, 471

KIM, W-S, Hematite inclusions in Eonyang amethyst from
Korea, 204

Kimberlite:

—in Canada: investigations of 1[0, 239; microdiamonds in,
239

—in (Guinea: diamond-bearing pipes, 113
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KING, J.E., (sce Souzz, R.A., eral)

EING, V.T., (see Lhoerst, L], et ol., and Robingon, GW.)

KINNUNEN, KA., MALISA, E.J., Gem-quality chrysoprase
from Haneti-Itiso area, central Tanzania, 373

KINNY, P.D., {s¢¢ Coenraads, R.R., et o)

KLEYENSTUBER, A.S.E., (see also Campbell, 1.C.C.)

—{Observations on a pyrope-almandine gamet, 239

KLYAEHIN, K., (see Platonov, A.N., et al.}

KLYAKHIN, V.A,, (3¢¢ Platonov, AN., et al.)

Kanischka synthetics (see Synthetic and simulated gemstones)

KOIVULA, ].I, {see also Fritach, E., e al, Kammerling,
R.C., ¢ al., Kane, R.E., e al., Kopf, RW., er of,, and
Robert, D., er al.)

—Geofingerprints, 109

—Snail shells m amber, 447

—The hidden beauties of gemstones: - Artistry through the
microscope, 109

—BOEHM, E., EAMMERLING, R.C., Diamond grit-
impregnated tweezers: a potentially destructive gemological
wol, 308

—FRITSCH, E., The growth of Brazil-twinned synthetic
gquarz and the potential for synthetic amethyst twinned on
the Brazil law, 109

—FEYER, CW., Forstarite in Atizona pyrope, 374

—FRYER, C.W., KAMMERLING, R.C., Spessartine gamet
in Brazilian topaz, 366

—FRYER, C.W., KANE, RE., KAMMERLING, R.C,, &
black jade dilernma, 131

—KAMMERLING, R.C., A gemmological review of
Ceolombian emeralds, 239

—KAMMERLING, R.C., A gemmological study of ‘Opalite’
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—KAMMERLING, R.C., An investigation inte three
irnitation opalized shells, 110

—KAMMERLING, R.C., An unusual Indian aquamarine,
308
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frem the Pamir Mountains, 110
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{2], 444,
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emerald from Nova Era, Minas Gerais, Brazil, 109

—KAMMERLING, R.C., FRITSCH, E., FRYER, C.W.,
HARGETT, D., KAKNE, R.E., The characteristics and
idensification of filled diamond, 47
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description of a glass imitaton emerald from Zambia, 23%

—KAMMERLING, R.C., FRITSCH, E., Gemmological
investigation of a synthetic spinel from the Soviet Union,
300

—~KAMMERLING, R.C., FRYER, C.W., Gormanite in
quattz, 374
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spot) on the surface of pearls), 374

KOPF, R.W., HURLBUT, C.5., KOIVULA, ].I, Recent
discoveries of large diamonds in Trinity County, California,
309

Korea: amethyst from Eongyang, hematite inclusions in, 204

—jade in, 371

KORITNING, §., Achate aus dem Harz, [/}

KOVACS, E., Letter. Preliminary assessment of gem
identification system (GIS} software, 309

KROSCH, N ], Queensland chrysoprase, 444

KRUPP, H., {s¢¢ Kane, RE., eral)

Kyanite;

—associated with ruby: 485, 486; colour of, 489, 490; electron
microprobe analysis, 492; high Cry04 content, 491;
poikilitic grains of, 489

—in estimating temperature during metamorphism, 494

—as an inghusion in gamet, 377
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Kyocera synthetics (see Synthetic and simulated gemstones)

Labradorite:

—associated with ruby: 487, 491; electron microprobe analysis
of, 492

LAHL, B., Achat und Jaspis zwischen St Egidien und
Hohenstein-Emscthal in Sachsen, 240

LANG, A.R., (see Frank, F.C., er al.}

LANG, H.M., {see Dyar, M.D., et o)

Lapis lazuli: banded, 306

-—from Chile: geological accurtence, 370

—distinguished from imitation and actificially coloured lapis
by UV-VIS spectra, 235

—imitation (see Synthetic and simulated gemstones)

Laritnar {see Pectolite)
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—Den Forbisedda Adelstenen, 240

—Virmmebehandlade bla safiret, 374

LASNIER, B., (se¢ Gauthier, [.-P.)
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Lazulite: gem quality, from Brazil, 370

—as an inclusion in quartz, 237

Lazutite: cause of colour in, 372

LEAMING, 8.F., (ses alto Barnes, L.C., eral)

—From the mines in the mountains te the rocks in the river.
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444

—0On the origin of jade, 374

Lechleitner synthetics (see Synthetic and simulated gemstones)
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LE MAGUER, D, (see Dubois-Fournier,J., et 2l)
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Lennix synithetics (see Synthetic and simulated gemstones)
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—in FMS-IGMS-MSA symposium on azurite and related
copper carbonates, 378
—possible oiling of in antiquity, 402
Malagasy Republic (sz¢e Madagascar)
Malawi: amethyst, sceptre, from, 110
—corundum from: red and orange, f08; in the Chimwadzulu
Hills, 83
—ruby from: 104, 373; cathodoluminescence in, 43; crystal
morphology, 476; growth structures in, 476, 478
-—gapphire from: gemmological properties and inclusions, {79
MALISA, E.J., (see Kitmunen, K.A)
MALONE, F.].,, HANCOCK, D.A., JEFFRIES, B., The
Western Australian pearling industry, 151
MANDARINO, J.A., {see Fleischer, M.)
Margarite:
—associated with ruby: 487, 49%; alteration of ruby to, 48%;
electron microprobe analysis, 492
Marialite: (see also Scapolite)
—end-member of scapolite group, 259; species status of, 259
MARTIN, F., MERIGOUZX, H., ZECCHINI, P., Reflectance
infrared specrroscopy in gemology, I81
Martin Gem Analyzer, 98, 99
MARTINI, M., (s¢¢ Attanasio, D., ¢r ol.)
MASCETTI, D., (see afso Bennett, D.)
—TRIQSSI, A., Eamings from antiguity to the present, 381
Mede Hand vacuurn tweezers, 309
Meionite: {see ahse Scapolite)
—content in scapelite: estimated from colour, 263, from
refractive index, 259; ploted against specific gravity 260;
end-member of scapolite group, 259
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—species stas of, 259

Mettler balances, BS, B6, M5: radiaden alert on, 309

Members' meetings:

—Londen: 45, 116, 185, 246, 311, 384, 449, 504

—Midlands Branch: 45, 116, 185, 246, 311, 384, 449, 504

—North West Branch: 117, 185, 246, 311, 384, 449, 504;
corrigenduim, 249

MENG, K.H,, (s¢¢ Dighl, R.}

MENZHAUSEMN, ., (s¢¢ Kane, R.E., er al)

MERCER, LF., Crystals, 183

MERCER, M., (se¢ Fritsch, E., et al)

MERIGOUX, H., {sce Martin, F., et al)

Metamiciization of zircan, 447

Meteorites, diamonds i, 42

Methylene iodide: change of name, Letters (o the Edirtor, 387,
451

Mexico: coral, black, exploited in the Mexican Caribbean, 444

—glass, iridescent natural, from, {07

—opal from: black, chatoyant, 444; egg-like inclusion in, 306;
in Cuerétaro, geology of, mines in, 371, quanz inclusions
in, 105

—quartz from: Herkimer-type crystals, 42

MEYER, A.B., The nephrite question 1888, 375

MEYER, R., (ser Bartoli, F., e ol.)

Mica: (see alse Biotite, Fuchsite, Lepidolite, Muscovite and
Phlogopite)

-—associated with ruby, 485, 487

—as an inclusion: in emerald, 155, 156, 158, Lol, 241, 271,
272; in garnet, 377; in ruby, 488

Microcline: hyaline, from Brazil, 370

Microscope: (see also Instruments)

—colour measurement with, 376

—dark-field illuminater for gemmological, 180

—economic, for gemmologists, 111

—lighting techniques for microscopic observation, 374

Microspectrofluorescence of cotundum, F06

Mineralogy, handbook of, 379

Minerals: encyclopedia of, 183; corrigenda, 249

—gems, granites and gravels, 380

—glossary of mineral species, 448

—Goldschmidt’s wotld locality index of, 183

—Larousse of, 382; corvigendum, 45

—localities, famous, of Canada, 380

—and rocks, pocker guide to, 187

—of Salzburg, 115

—of Switzetland, 383

—Welsh, 379

MISIOROWSKI, E.B., Jewelry of the 1980s: a retrospective,
240

MITCHELL, B.K., Bead buyers and parcel pickers filter set,
212

—Letter to the Editer, 122, 181, 309, 387

—Some thoughts on snuff-boules, 117

MIYAMOTO, M., AKAISHI, M., OHSAWA, T,
YAMAOKA, 5., FUKUNAGA, O., Morphelogy and
formation process of diamond from glassy carbon, 11!

MIYATA, T., (An introduction to gem mines of Pakistan.),
375

Mizzonite (see Scapolite)

MOK, E.F., {see Tang, S.M., er al)

MOLDES, R., (s¢¢ Kane, RE., er al)

MOLLER, R., Filatclia y gemas, 111

Molybdenite as an inclusion in emerald, 15%, 161, 501

Mono-bromonaphthalene, change of name, Letters 1o the
Editor, 387, 450

MONTGOMERY, R.S., In the dark: separating synthetic and
narural gems by uitraviolet spectroscopy, 445

Montgotneryite associated with rose quartz, 282

MOON, M., (see Fritsch, E., et al)

Moonstone: from India, identified as andesine, 41
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Moraesite associated with roze quartz, 283

MOREL, B., The French crown jewels, [15

Morganite: (see olso Beryl) differences from pink beryl due to
differing crystal field symmetry of Mn"" ions, 112

—from Pakistan: in pegmatites, 377

—from USA: in California, in Maine, 376

Morion (see Smoky quanz}

Morocco: azurite from Bou Beker mine, 242

MORTEANI, G., (se¢ Grundmann, G.)

MPRAZEF, L., Gemstones of Nicaragua, 43

Mrorolite, 187

MUHLMEISTER, 8.M., (s¢¢ Fritsch, E., eral)

MULLIS, ]., (see Rarnseyer, K.}

MUMME, 1.4, The world of sapphires, 381

Muscovite associated with rose quartz, 274, 277, 280, 282,
284

—associated with ruby: 487, 495; Cr304 content, 491;
electron microprobe analysiz of, 492

—in estimating temperature during metamorphism, 494

Museurns:

—British Museum (MNatural History) {see The Namral History
Museum balow?

—Carnegie Museum of Natural Hiscory, Pitrsburgh: the
Hillman Hall of Minerals and Gems in, 377

—Cleveland Museum: of History, Ohio: inauguratien of
gemstone collection in, 236

—Fersman Mineralogical Museum, Moscow: collections
described, 107; specimens from exhibited in Munich, 7108

—Geological Museum, London: Gemstones exhibitien,
proposed new exhibition and re-location of, 130

—Green Vaulis of Dresden: Colembian emerald crystals in,
356

—Leningrad Mining Institute Museum, 447

—Museum of Lendon: Cheapside Hoard of Jewellery, new
display of, 24% Treasures and Trinkets exhibidon, 249

—Matural History Museum, Paris: mineral collectons of, 382

—Natural History Museum, Visnna: Colombian emeratds in,
356

—5an Diego Museum of Narural History: Scripps Hall of
Mineralogy at, {14

—The Namwral History Museum, London: mineral collections
of, 378; Mineral Gallery displays, proposed new exhibition
and re-location of, 130; Pain collection of gernstones from
Burma, bequest of, 259

—Taopkapr Palace, Istanbul: Colombian emeralds in, 356

—in West Germany, 445

Myanmar: {ss¢ alsoe Burma) diamonds from, 307

MNAITOQ, Y., {Gem-grade chromian diopside found in the
uppet stream of the Sano River, Yamanashi Prefecture.),
375

Namibia: diamond mining, recent developments, 237

—quartz crystals from the desert, 116

NANA, G.P., (se¢ Bianchi Potenza, B., ¢t af.)

NASSALL K., Amethyst and citrine, i1/

—Gemology - the current decade, 240

—Synthetic gem materials in the 19805, 240

—Two types of historical traps: on *Diamond Softening’ and
the ‘Antiquity of Emerald Oiling’, 399

—LEWAND, E.A., Mildly radioactive thinestones and
synthetic spinel and glass wiplets, 187

NATEANIEC-NOWAE, L., HEFLIK, W., SOBCZAK, M.,
SOBCZAK, T., Ein Beitrag zur Farbe niederschlesischer
Chrysoprase, 47

NELSON, .B., Genunological teaching in Catalonia, 337

—Gemmological teaching in Hong Kong and China, 224

—Letter 1o the Editor, 321

Nephrite: alluvial deposits, development of from jade lodes,

1 444

-int America: origin of artfacts found in, 375

J Gemm., 1991, 22

—from Australia: in Cowell, 371, geological occurrence, 375;
in Dungowan, 305

—characteristics of, 374 (2)

—from China: in Kuen-Lun mountains, 43%; neolithic carving
of, 242

—from Chuncheon mine, Kotea, 377

—deposits on the Karakash River, 447

—earrings, prehistoric, from Taiwan, 446

—geology, production and reserves, world review of, 439

—rneolithic carving of in Chana, 242

—nephrite guestion, the: origin of jade artifacts found in
America, 375

—in New Zealand: prehistoric usage of, 269

—orange peel, 439

—'rind’ of, 376

—in Taiwan: prehistoric earrings, 446; treasures of the Peinan
culture, 447

—toughness of, 370

Neutron magnetic resonance: impact of en gemmology, 237

NEWBURY, C., The diamond ring: business, politics and
precious stones in South Africa, 38/

News of Fellows: 45, 116, 246, 311, 384, 449, 504

WNew Zealand: kauri gum from, 104

—rnephrite from: prehistoric usage, 269

Nicaragua, gemstones of, 43

WICHOL, B., Nephrite jade deposits near Cowell, 375

NICHOLS, M.C., (sez Anthony, W, eral)

NIEDERMAYR, G., Fluorit Mineral des Regenbogens, 448

Nigeria: aquamarine from, 195, 196, 197

—hberyl in, 196, 197, 198

—eclbaite from, 376

—emerald from: 202; derermination of angle formed by o
families of growth planes in, 351; in Jos, absorption in UV,
418, infrared spectrum, 218; low Mg and Na content, 411

—gahnite from, 202

—gemstone prospects in, 195

—FKaduna State: from Jemaa district, in decomposed basales,
sapphires, 198, 199, zircons, 200, 201; gahnite from, 202

—Plateau Stae: in Jos district, cassiterite from granites, 196;
Keffi, tourmaline-bearing pegmarites SE of, 197, 198; in
Rafine Gabas Hills, aguamarine, smoky quarz and topaz,
geological occurrences of, 197;

—sapphire frotn: 195, 198, 199, 201; in alkali basalt, crystal
morphotogy of, 472, 474; growth swuctures, 474, 47%

—topaz im, 195, 197

—tourmaline in, 195, 197, 198

—zircon from: 195; absorption spectrum, 200; chemical
analysis of, 201

Niobotantalite: associated with rose quartz, 274, 282, 283,
284

North America: (see also Canada and USA):

—pearls, freshwater from, 5

—turguoise from, 242

MNorway: cordierite from, 372

—tuby from, 130

NOTIS, M.R,, (see Xu, MY, et )

OBERHOLZER, W.F., {sce Weibel, M., er al}

Obituaries: Mr E. Abrend, 184; Mr W.A. Burslem, 246;
Senors Speranza Cavenago Bignami Moneta, 184; Sir
Frank Claringbuil, 311, 330; Mr A.C. Colclough, 311; Mr
K.C. Cole, 45; Mrs A. Eaton, 116; Mrs L. Hennessy, 116;
Mr]. S. Hermans, 504; Mr B. Jensen, 504; Mr F.E.
Lawson Clarke, 44; Mr G. Leybourn-Meedham, 504; Mr
R. Lucas, 185%; Mr ].G. Luder, 116; Miss J.(G. Lumnsden,
311; Mr H. McNeilly, 504; Mr R. F. Parcel, Ir, 449; Mr D,
F. Rossiter, 185; Misz E. A. Shert, 45; Mr J.]. Snow, 116;
Mr AMN. Thurdow, 246; Mr E.H. Tindall, 384; Mr E.
Trillwood, 185; Mr A. Valta, 504; Mrs C. Wong, 246

Obsidian, 242
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OCHIENG, 1.0., (see Key, R.M.)

O’DONOGHUE, M., (see also McKay, D.].)

—Kamienie szlacheme i ozdobne wysp brytyiskich, 240

—Kvarte, 382

—Secondary literature: bibliographies, abstracts and indexes,
112

—The pocket guide to rocks and minerals, 183

OHSAWA, T, (s¢e Miyamoto, M., er al.)

Oligoclase:

—associated with ruby: 487, 4%1; electron microprobe analysis
of, 402

Olivine: (see afso Forsterite and Peridot)

—distinction of from sinhalite by single crystal X-ray
diffractometer, [ 12

—green, transparent from Val Malenco, Italy, 370

OLLIVER, ].G., {see Flint, D.]., et al.}

Opal: advenmures, 244

—aluminium, role of in the structure of Brazilian, 369

—from Australia: fire, flow structure and dendrites in, 1#5; in
Lightning Ridge Geld, 379, 441; as nobbies or nuts, 238;
opal fizlds, floading in, 42; occurrences of gem quality, 23

—bloody opals...! , 441

—from Brazil: aluminium, rele of in the structure, 36%;
chatoyant, 236; gemmological properties of, 37%; pinfire
from Boi Morto, 444

—chatoyant: 236, 309; 443, 444; in wiplets, 444

—tommon, s¢enic ftom Peru, 205

—<lectrical propertiss of, 14

—fire: flow structure and dendrites in, 105; from Louisiang,
376

—from Henduras, 379

—imijtation (s¢¢ Synthetic and simulated gemstones)

——journey with colour, Lightning Ridge field, NSW, 379

—from Mexico: chatoyant black, 444; quartz inclusions in,
1495; in Querétaro, geology of, mines in, 371

—of the Never Never, 380

—from Pera: commeon, scenic, 305

—structural differences between precious opal and potch, 378

—synthernic {se Synthetic and simulated gemstones)

—treated (see Treared stones)

—itriplets: cat’s-eye, 308

—from USA: in Idaho, used in cat’s-eye triplets, 308; in
Louisiana, fire opal, 376

—white, fine quality large cut, 441

—waotld’s largest, Jupitet-Five, to be sold, 242

Optical uniaxial gemstones: growth planes seen in cross-
sections of, 352

—crystal faces and characteristic angles in, determination of,
347, 349, 350, 331

—structural properties of, and the determination of, 344, 350,
351, 352, 354

Oprical unjaxial minerals: significant crystal angles of, 346

Organic gemstones (see Amber, Bone, Coral, Ivory, and
Pearls)

Orthoclase: yellow, from Madagascar, 239, 242, 447

Padparadscha (see Corundum and Sapphire)

Pakisean: apatite, pink, frorn Nagar, 447

—diopside, green, from Kaflu @), 447

—emerald: typomorphic features of, 238; from Mingoca,
lastice parameters of, 172, 173, 177; from Swat Valley, high
Cr content, 416, thermal conductance, 234

—gem mines of, 375

—niew mineral discoveries in: in pegmantes in, 377; in Stak-
Nala, 442

—stibiotantalite in Stak-WNala, 442

PALMER, A., Poona WA and the seckers of its emeralds, 382

PANNILA, A.8., (see Perera, S.Z., et al.)

Paragonire:

—associated with ruby: 487; electron microprobe analysis of,

541

492

Parced, Jr., Mr B.F., Obituary, 449

Pargasite as an inclusion in sapphire, 70, 73, 74, 372

Parisite:

—from Colombia: absorption spectrum, 422; associated with
emerald, 238, 357; as an inclusion in emerald, 421, 423;
transparent, facered, 369

Patagonia: fossil pine cone from, preserved in chatcedony, 368

Pearls: {see¢ also Organic gemstones)

—Abetnethy, 6

—adomment with, by native Americans, 332

—from Australia: in Northwest, large cultured, 235; in
Western, industry in, 1380

—From Bahrain, (see also The Gulf below} 5, 6

—baler shell pearl, 43%

—baroque, natural, drilled and plugged, 366

—heads, drill holes chipped, 167

—Dblack: colonr obtained by silver treatment of, 237; of Tahit,
245

—blister: worked to imitate a natural pearl, f79; representing
the goddess Kwan Yin, /10, 180

~—from Burma, sectioned cultured pearl, 8

—Caimcross necklace, 6

—~chernical analysis of, minar slements in, 377

—from ‘cherry-stone clam’, 42

—from China: in Yangxin, cultured non-nucleated, barogue,
10, cultivation methods, 11, 12, 13, 15, examined by X-
radiograghy, 15, quality of, 10, 11

—cultured: black, auction of in Cook Islands, 386; blister,
representing the goddess Kwan Yin, 118, 180; coated with
Black/brown calcareous concrenon, 306; dyed, black, 179,
205, 441, pink, 107, grey with exceptionally thick layer of
conchiolin, 237; large, from NW Australia, 235;

—culwred,nen-nucleated: from China, baroque, drilling of,
10, culdvation at Yangan, 11, 12, 13, 15, examined by X-
radiography, 15, quality of, 10, 11; from Japan, culuvation
at Lake Biwa, 8, problems in identification of, whitish
appearance of, X-radiograph of, 10

—cultured, whole and beaded: bouton, 442; froon Burma, 7, 8;
from Japan, baroque black, 306, cultivation at Ago Bay, 7,
9, nucleus, new type of, 306, quality, 7, 8; from Polynesia,
naturally coloured black and grey, 147, 245, 304; from
South Seas, 7; in Western Austraha, 18/

—endoscope, 184, 331

—imitation (see Synthetic and simulated gemstones)

—from Japan: cultured non-nucleated, from Lake Biwa, 8,
identification problems of, X-radiograph of, 1&; cultured
whole and beaded, baroque black, #06, cultivation at Age
Bay, 7, %, new type of nucleus, 304, quality, 7, 8

—natyral, freshwater: from America, MNorth and South, 5;
from Bangladesh, 5; from the Concho River, pink, 42; from
Scotland, Abernethy, Bill, pearl fisher, 5, Abetnethy pearl,
6, Cairncross necklace, 6, fishing methods, 5, 6, 7, luswe of,
5, 6; from USA, west Texas, necklace of brownish-pink,
306

—natural, sea water: production and trading in The Gulf, 4, 5

—irom Polynesia: cubured, naturally coloured black and grey,
107, 254, 306

—flrom Qatar: (see¢ abse The Gulif belows) 5; typical fishing boat
from, 4

—scaly spot (‘uroko”), origin and prevention of, 374

—from Scotland: natural freshwater, 5, 6, 7, 243

—shell industry in Western Australia, 181

—testing: musings on, 331; with endoscope, with X-rays, 331,

—from Tahiti, black, 245

—The Gulf: (se¢ alse Bahrain and CQatar above) pearl fishing
and trading in, 4; decline in, reasons for, ¥

—itissue graft culwred {see cultured non-nucleated above)

—ireated: (se¢ afse Treated stones) dyed, black, F79, 305, pink,
107, with silver 1o dye black, 237; with tellurium dye,
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possibly, 44/

—from USA: from west Texas, necklace of natural freshwater,
66

PEARSON, G., Multiple chatoyancy in Australian sapphire,
45

Peciolite: from the Dominican Republic, 242, 36%; geological
occurrence, 369; mineral characeerisitics and mining
history, 372

Pegmatites: alexandrite, possible origin in, 165

-—in Austria: at Leysdorp, emeralds associated with, 238

—in Brazil: rose quanz in, 273, 274

—complex granitic, occurrence of spessartine and topaz in,
368

—emeralds: associated with, 238; in, 267, 268, 269, 271

—euclase in, 108

—in Kenya: ruby-bearing, geological occurrence of, 485, 486

—in Wigeria: geological setting of, 198; tin-bearing, 196;
tourtnaline-bearing, 197, 198

—rose quariz-bearing, 273 mineralogy of, 276; schemaitic
section of different textural paragenctic rypes, 274

—in Morway, cordierite in, 372

—in Pakistan, new mineral discoveties in, 377

—tuby in desilicated plumasitic, 483, 487

—in Zimbabwe: emeralds associated with, 267, 268; euclase
in, {08; as inrusions in greenstone belts, 264, 263, 267;

PEILE, ]., Trouble at the mines, 445

PEMADASA, T.G., Gem deposits of South West 5ci Lanka,
445

Pentlandite as an inclusian in emerald, 2471

PERERA, 5.Z., PANNILA, A.5., GUNASEKERA, HP.N.J,,
EDIRIWEERA, R.N., Anomalous behaviour of certain
geuda corundums during heat treatment, 405

Peridot (see also Forsterite and Olivine):

—cuttable preen, from Lanzarote, 43

—grains of in Hawaiian lavas, 242

—from USA: production at San Carlos, Arizona, 308

PERRY, C.L., (sce Dyar, M.}, et af)

Persian crown jewels, emeralds in, 356

Personalities behind the gem world: Kokichi Mikimoto, 104

Peru, common opal from, 305

PETERSON, O.V., (see McColl, D}

PETROV, L., Rels of narural radiation in tourmaline
coloration: discussion, 240

PETSCH, E., (se¢ Bank, H., er al.)

PHILIPPY, R., (see Bartoli, F., et al)

PHILLIPS, G., BROWN, G., Mtorolite, 181

Phlogopite:

—associated with ruby: 487; electron microprobe analysis of,
492

—electron microprobe analysis of, 170, 492

—in estimating temperature during metamorphism, 494

—as an inclusion i emerald, 447

Phosphosiderite associated with rose quartz, 283

Photography:

—of jewellery: backgrounds for, 290; depth of field,
maximization of, 289; lighting, 287, 288, 28%; special
effects, 200

PIENAAR, H.S., GLENISTER, D.A., The Stellenbosch gem
index: a numerical approach to gemstone identification, 245

PILATI, T., {see also Sosso, F., et al.}

—GRAMACCIOLI, C.M., 305880, F., Identification of
gemstones by single-crystal X-ray diffractometer, 112

Pinite as an inclusion in iolite, 305

Plagioclase {sce alse Albite, Andesine, Byrownite, Feldspar,
Labradonite and Oligoclase):

—associated with ruby, 485, 487, 495

—electron microprobe analysis of, 170

—in estimating PT conditions during metamorphism, 494

—as an inclusion in sapphire, 73, 74, 372, 376

PLASZYNSKA, M., Measurement of transmission of Chelsea

542

filter, 240, 375

—Niektore wspelczesne metody badan kamieni szlachemych,
375

PLATEN H.v. (s¢2¢ Bank, H., e al.)

PLATONOV, A.N., TARAN. M.N., KLYAKHIN, K.,

KLYAKHIN, V.A., On two colour types of !\aln}"-beari.ng
beryls, 112

PLENDL, H.S., (se¢ Rink, W.]., et al.}

Poland:

—chrysoprase from: cause of colour in, 43; in Silesia, ar
Siklary, 377

—quattz crystals from, JO9

Polynesia, black cultured pearls from, 107, 306

PONAHLO, ]., Kathodolumineszenz-und Absorption-
sspektren gelber Saphire, 375

—Mikrospektralphotometriec der Edelstein-Kathode-
luminegzenz, 112

—Quantirtative Kathodolumineszenz von Rubinen aus Malawi,
43

Pool emeralds (sez Synthetic and simulated gemstones)

POPOVA, EE., (see Wilke, H.-].)

Postage stamps depicting corals, crystals, gems and mining
activities, 498, 499

PQUGH, F.H., Chrysoprase, 112

Prehnite from Australia, 104

Presidiam DiaMeter - System Berger, 443, 444

Presidium Mini-Mate heat probe, 444

Psilomelane: black gem material, 186

Pyrite:

—uassociated with: emerald, 238, 357; rose quartz, 274, 284;
ruby, 437

—as an inclusion in emerald, 159, 241, 421, 423

Pyrope-atmandine: (see albe Garnet) observations on, 239

Pyrope garnet: {sez also Garnen)

—from Arizona, forsterite inclusion in, 374

—cotour filter test on, 213

—Ni in chrome pyrope gartier: a new geothennometer, 107

—spessartine from East Africa, 103

Pyroxene (se¢ alto Jadeite):

—characteristics, absence of, in thin section of black jadeite,
133

Qatar (s¢e¢ alse The Gulf): pearls from,4, 5

Quartz: (see alfse Amethyst end Citrine) 382

-—alpha quartz, short-lived blue cathodoluminescence in, 375

—Alpine, habit of, 237

—associated with emerald, 2378, 357

—bilue, coloured by inclusions: of ajoite, 441; of lazulite, 237

—from Brazil: rose quartz, massive, 275, in Minas Gerais,
276, crystallized, 280; smoky quariz, 274, 276, 277;
window quartz, 276, 280

—cabochons backed with computer chips, 444

—crackled and dyed: (see alse Treated stones) set as ‘purple
onyx", 444; sold as green amethyst, 180, rechnigue used in
antiquity, 349

—vcritcal angle of, 97

—crystals: characteristic habit, 349; cross-sections of seen by
rotation, 353; faces and angles, selected, of, 346; Herkimer-
type from Mexico, 42

—distinction from scapolite by single-crystal X-ray
diffractometer, 12

—from Germany: in the Erzegebirge area, gem-quality from
Ehrenfriesdorf, smoky quartz from Zinnwald, 375

—gormanite inclusions in 374

—as an inclusion: in emerald, 157, 161, 421, 423, in opal, 105

—man-made inclusions in, 460

—from Mexice: Herkimer-type crystals, 42

—rnilky to wanslucent, associated with rose quarte, 274, 284,
285

—tnoriot: (1ee Smoky quartz beloty)
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—from Mamib desert, chandelier-like masses of crystals

—in Nigeria: sinoky, in or near granitve contacts, 197

—phantom crystals in, 706

—from Poland: ‘Marmaros diamonds’ from the Carpathians,
109

—reflecdvity of, 97

—rase quartz: from Brazil, colour, fading of, 274, 284,
crystallized, 273, 274, 280, 282, 283, 284, 285, 370, 376,
fetid odour of, 275, 278, 280, 282, 283, gemunological
properties, 285, 2846, inclusions, 285, 286, massive, 273,
274, 275, 276, 277, 278, 279, 280, minerals associated
with, 273, 274, 282, pegmatnc occurrence of, 273, 274;
from USA, in Connecticut, 42

—smoky quartz: from Brazil, associated with rose quanz, 274,
276, 277; from Wigeria, 197; from USA, in Arizona, 377

—sunstone, 440

—from Switzerland, gem quality crystals, 113

—total internal reflection in a polished gem of, 101; Letters to
the Ediror, 321, 322

—from USA: rose quartz from Connecticut, 42

—window quartz, associated with rose quartz, 276, 280

Quartzige:

—dyed: green, imitating jadeite, 238, 23% resembling sugilive,
372

QUELLMAILZ, W., A brief look at the Saxon Erzgebirge, 375
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—Fresnel equation for, 97
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—refractive index, relationship o, 97
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RETTY, AT, (sce Tang, 5.M., er al.)
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—absorption spectra (s2¢ Spectra, absorption belosr)

—boehmite inclusions in, 487, 488

—from Burma: damaged by repair 1o setting, 779; inclusions,
42; interference figures, variation of during rotation, 350,
proton-induced X-ray emission analysis of, 446
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—colour filter tests on, 213
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84, 89,

~~colour zoning in, 88

—crystal forms of, 467
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—inclusions in, 86, 87, 88, 487, 488, 489
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conditions of, 491, 494, 496; minerals associated with, 487,
491, 492

—lamellar rwinning in, 88

—liquid feathers in, 38

—from Malawi: 04, absorption spectra, 85;
cathodoluminescence in, 43; chemical analyses of trace
element content, 84, 85; crystal morphology, 476; growth
structures in, 476, 478; host rock, 83; inclusions, 86, 87,
83; variations in colour and physical properties related to
trace element concentratons, 24, 89

—mica inclusions in, 488

—occurrences, primary, in metamorphic rocks: part 1, 109;
part 2, I79; part 3, 372

—physical properties, variations in, velated to trace element
concentrations, 84, §9,

—proton-induced X-ray emission analysis of, 446 (2)

—rutile inclusions in, 87, 487, 488, 489

—sgpectra, absorption: 85

—from Tanzania: absorption spectra, inclusions, 237; in
Longide mine, in green zoisite, 114

—from Thailand, proton induced X-ray emission analysis of,
445

—from WUSSE: gemmological preperties, geological
accutrence, inclusions, 373

—from Vietnam: 308; in Luc Yen, 442; mines re-opening, 180

—~zircon inclusions in, 86, 87

—in zoisite, green, 114

RUDEA, F., (see Giuliani, G., e al.)

Russia (s¢¢ USSR)

RUSTIONI, M., BERTONI, 5., BGO, a new material of
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rhodolite, star, 16, 17; in ruby, 42, 87; in sapphire, 70, 74,
86, 8Y, 179, 372, 376, 43%  zircon, 42

RYAN, C.G., (se¢ Griffin, W.L., et al}
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SAMAMA, ].-C., (see Bartoli, F., er al)

Sapphire: (see also Corindum)

—absorption spectra (se¢ Spectra, absorption, beloz)

—allanite inclusians in, 74, 372

—in alluvial deposits, 103

—apatite crystals in, 201

—from Australia: in alkali basalt, 472; crystal morphology,
472; exploration for, 370, growth structures in, 472, 473,
475; pleochroism in, 397; yellow mult-zoned crystal from
Anakie, 42

—in bagalt: from Australia, 472; crystal motphology, 472, 474,
476, growth structures in, 472; from Wigeria, 196; from
Thailand, 162

—blue: colour filter tests on, 212; rom Malawi, 179; produced
by heating geuda, 405, 406; from Thailand, 376; types [
and TI, characteristics and occurrences of, 80

—boehmite inclusions in, 179

—from Burundi, 786

—from Cambodia: in alkali basale, 472; crystal morphology,
474; growth structures in, 474, 475%; in Pailin, angled
growth structure, 350

—cathedoluminescence in yellow, 375

—colour filter tests on, 212

—colourless from So Lanka, 307

—urystal, doubly termminated, 40kg, 130

—erystal forms of, 467

—deposits, geological origin of, 67

—diffusion treated (see afso Treated stones), 239, 307, 444

—dust lines in, 72

—engraved, from Kashmir, 371

—fissures, healed, in, 70, 71, 72
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—geuda stones: 30; anomalous behaviour of during heat
treatment, 405; wansforms Sti Lanka’s “City of gems®, 108

—growth struceures; aid in distinction between natural and
synthetic, 471, 472; angled, 350; in Auswalian, 472, 473,
475, 477, 478; in Cambodian, 474, 475; in Nigerian, 474,
475; in Thai, 474, 475, 477

—heat treatment; (s¢¢ afso Treated stones} of blue, 374 heated
and coated, 440; of Kashmir, 68, 69, 445; from Sti Lanka,
clear and opaque raw maverial for, 179, svidence for in blue,
80, peuda, anomalous behaviour of during, 405, industry
in, 708; of Thai, f10; tumed colourless by, 305

—inclusions in, 70, 71, 72, 73, 74, 86, B7, 179, 201, 372

—from India: from Kashmir, absorption spectra, 638, 446;
colour, characteristics and causes of, 67, 68; crystal habit
of, 67,68; determination of, 372; diagnostic features, 445
engraved, 371; heat reatment, 68, 6%, 445; historical review
of, 67; host rock, minetalogy of, 67; inclusions 70, 71, 72,
73, T4, 372, 446; provenance, commercial importance of,
74

—from Kenya: growth strucrures in, 103 new discoveries of,
42

—from Malawi: blue, gemmological properties of, inclusicns
in, I79; orange, absorption specirurn, 86, host rock, 83,
inclusiens in, 86, 87, lamellac twinning in, 80, phyzical
properties, 84, trace element content of, 84, 39

—negative crystal, burst, in, 72

—from HMigeria: colour zoning in, 201; corroded surfaces of,
201; crystal morphology, 201, 472, 474; in decomposed
alkali basalt, 198, 199, 472; growth stnuctures in, 474, 475;
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term? 442

—pargasite inclusions in, 70, 73, 74, 372
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—rutile inclusions in, 70, 74, 87, 179, 372, 439

—Ffrom $ri Lanka: absorption spectra of natural bue, untreated
and heat-treated, 81, 82; colour, cause of, 80, 82;
colourless, 307, crystal, 40 kg doubly terminated, [80; heat
treaunent, anomalous behaviour of geuda during, 405, clear
and opaque raw material for, 179, evidence of in blue, 80,
industry in, 188, of milky -white geuda, 8¢

—spectra, absorption: 68; of blue, heat -wreated and untreated,
81; Letter 10 the Editor, 250; of orange, 85; of yellow, 375

—star: distinction from synthetic, 445; 12-ray from Australia,
445, from Zaire, 372

—synthetic (see Synthetic and simulated gemstones}

—fromn Tanzania: abserption spectra, colours, inclusions, 237

—from Thailand, 376; in alkali basalt, 472; crystal
morphology, 474; growth structures in, 474, 475, 477; heat
treatment, effects of, 11 inclusions, 376" new deposit at
Amphoe Bo Phloi, 103

—tourmaline inclusions in, 73, 372

—twin lamellac in, 70, 71
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—world of, 381

—vyellow: -cathodoluminescence of, 375; colour filter tests on,
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—zircon inchusions in, 70, 73, 74, 179, 201, 372

—zoning in, 71

Sapphirite: as an inclusion in ruby, 136
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inductively coupled plasma spectrometry, 138, by X-ray
diffraction, §36; cut stones of, 140; gem quality material,
14Y; geological oceutrence of, 136, 137, 139; inclusion of
apatite in, 138; physical propenies, similarity to serendibsite,
138
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—rnanalite content in, 259
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SNEE, L.W., (see Kazmi, A.H.)
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SNOW, I., (sez Brown, G., et al.)
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SNOWMAN, A.K. (Ed), The master jewelers, 383

Snuff bottles from China, 1/

SOBCZAK, N., (s¢¢ alse Natkaniec-Nowak, L., et al., and
Sobczak, T.)

—SOBCZAK, T., Korale azdobne, 241
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Sodium polytongstate: density determination with, 364;
physical properties of, 364; solution,preparation of, 364,
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—emerald from: in Leysdorp, mineralization during
metamosphist, 238

—Kuruman Region: from Kalahari Manganese Field, gem-
quality thaumasite, 335

—ruby in roetamorphic tock at Mashishimala, 373

—sugilite frotn mine near Kuruman, 309

—thaumasite from Black Rock Mine, Kalzhari Manganese
Field,

South America (see also Argentina, Brazil, Chile, Colombia,
Guyana, and Pern)

—pearls from, 5

—emeralds from: in Cobra Mine, thenmal conductance, 234

SOUZA, R.A., WILSON, W.E., GANGEWERE, R.].,
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340, regearch at, 341
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inte, 339

SPEAR, P.M., (see Frank, F.C., er al)

Specwra, absorption: of beryl, ¢lectwron-irradiated, 34, 36

—of corundum: orange, 36; red, 85

—of diamond: cotourless naturaf, 143, 144; Dresden Green,
443

—of emerald: from Afgahanistan, 417, in UV, 418; from
Brazil, 415; from Colombia, 411, 412, 413, 414, 416; from
Madagascar, 441; from Nigeria, in UV, 418

—uof Puorite, colour-change, 376

—uof Lechleimer synthetic emerald, 22

—uof parisite, from Muze (7), Colombia, 416

—of ruby, 85

—of sapphire: blue, differences in heac d and d
80,81; Lecter to the Editor, 250; orange, 86; yellow, 375

—of spinel, cobaly, 444

—uof star thodelite, 17

—of taaffeite, 103

—of zircon, 200

Spectra, cathodoluminescence (CL): in distinction berween
natural and synthetic stones, J12

Spectra, ESE: of Biren synthetic emerald, 442

Spectra, fluorescence: of comndum, 106

Spectra, infrared:

—of emerald: from Brazil, 173, 174, 175, 176, 218, 214,
corrigendum, 249; from Colombia, §73, 174, 175, 176,
218, 219; from Egypt, 173, 174, 175, 176; from Nigeria,
218; from Tanzania, 221; from Zambia, 218; from
Zimbabwe, 218, 270

—of emerald, synthetic: Biron hydrothermal, 218; Chatham
flux-grown, 218; Lechleitner hydrothermal, 25, 28, 218;
Russian hydrothermal, 218; Swarovski hydrothermal, 222
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—of scapolite from USSR, {13

Specua, X-ray, energy dispersive; of hematite, 205

Spectra, X-ray fluorescence: of Lechleitner synthetic emerald,
22

Specrometry, inductively coupled plasma emission: of zircon,
201

—of emerald, 270

—of tourmaline, 494

Speciroscopy, gamma-tay: in detection of irradiared topaz,
106, 371

Spectroscopy/spectrometry, infrared:

—of dipyre (Na rich scapolite), infrared pleochroism in, 241

—of emeralds: for comparison of, from Brazil, Colombia and
Egypt, 173, 174, 175, 176; classification by , 220;
distinction between namral and synthetic, 215, 217; water
absorption bands determined by, 215; water and/or
hydroxyl groups, determination of eypes in, 219

—impact of on gemmology, 237

—reflectance, 187

—of synithetic spinel, Russian flux-grown red, 303

—of zircon, metamice, from Sri Lanka, 447

Spectroscopy, Mossbauer: of natural and synthetic staurolite,
441

Spectroscapy, Raman: impact of on gemmotogy, 237

Spectroscopy, ultravioles: separating synthetic and natural
gems by, 445

Spessartine gamet: (see alse Garner) colour filter test on, 213

—as an inclusion in topaz: geclogical occurrence, 368; late-
atage growth of, 367; optical microscopy, 367; X-ray
diffraction analysis, 367

Sphalerite: associated with rose quartz, 282

—colour filter test on, 213

Sphene: colour filker test on yellow, 213

—gem-quality from Harts Range, Australia, 374

—as an inclusion it garnex, 377

Spinel: {see also Gahnite)

—associated with ruby, 487

—attractive but littde-kmown gemstone, 108

—ifromn Burma, Mogok area, 108

—cat’s-eye, greyish-violer, 239

—cobale: absorption spectum, 444; colour change, 307

—~colour filter tests: on blue 212; on red, 213

—from USSR: gem crystal, 110; in marble, 376

—growth, chatacterization and history of, 240

—as an inclusion in emerald, 241

—polysynthetic twinning in, 306

—from Tanzania: 239; colouring matter determined by
SPECLTosCopy, 104

Spodumene: associated with rose quartz, 277, 283

—lettuce-green, from Minas Gerais, 376

Sri Lanka; chrysoberyl, rare star, from, 180

—corundum from: clear and opaque as raw material for heat-
weated sapphire, 17% geudz variety, anomalous behaviour
of during heat meaunent, 405

—emerald, poor quality, from, 1580

—gem deposits from the south west, 445

—pgemstones from: described by Carl Peter Thunberg, 4665
historical accounts of, 463

—geuda from: anomalous behaviour during heat treaunent,
403; industry in, 108; wansforms ‘City of gems, 108

—iolite, aventurescent, from 395

—sapphire from: (s¢z also Corendum abowe) colourless, 307;
crystal, 40 kg doubly terminated, 180; evidence for heat
treatment of blue from, 80; geuda induswry, 108;
typical crystal habit of, 467

—sapphirine fromy: 104; in the Kolonne area, 136

—serendibite from Gangapitya, 138

—synthetics fashioned to imitate water-womn crystals, 180

—taaffeite from: absorption spectrum of, colour change in,
123
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—Thunberg, Carl Peter: gemstones of, collected and
described by, 466, commentary on identity of, 466; visited,
464

—arcon from: cat’s-eye effect in heat-wreated, 107 mevanict
green with laminated structure, 239; metamictization of,
447; typical cryseal forms of, 468

STALDER, H.-A., (see Wiebel, M., ez al)

Star stones {see Asterism)

Staurolite: Mossbauer spectroscopy of, 444

—sgynthetic (se¢ Synthetic and simulated gemstones)

—zincian, gem quality, from Brazil, 241

Stbiotantalite from Pakistan, 442

Stichtite from Australia, 440

STEDN, M.A., Sand-buned ruins of Khotan, 446

STRASSER, A., Die Minerale Salzburgs, /15

Swontivum titanate (see Synthetic and simutated gemstones)

Structural features: {see also Growth strucwures)

—in optical uniaxial gemstones, microscopic determination of,
344

Sugilite, 241, 309

SUNG, W.-H., LIEN, C.-M,, A study of zooanthropomorphic
jade earrings of prehistoric Taiwan, 446

Sunstone from Idaho, USA, 239

SUTER, G.F., {see Griffin, W.L., et al.)

SUTHERLAND, ., {se¢ Brown, G., et af.)

SUTHERLAND, F.L., (se¢ Coenraads, RR., ez al.)

Swarovsky synthetics {see Symithetic and simulated gemstones}

Switzerland:

—epidote cryseals from Val Punteglias, 113

—opolongite, man-made *garnet’, from, 180

—quartz crystals from Val Punteglias, 173

—ruby from: in Passe Campolungo, in marble, 3737; in Valle
d’Arbedo and north of Locamo, 180

Synthetic and simulated gemstones:

—agate doubler, 459, 461, gemmological properues, 462

—agate, imitation by plass doublets, 460

—alexandrite, synthetic: from USSR, 377

—amber, imitation: plastic, 179

—amethyst, synthetic, 237: growth structures in, 482;
identification of; 240; seed plate, orientation of, 481;
twinned areas, trigngular, in, 482

—aquamarine, imitaton: glass, 447

—aguarmnarine, synthetic: hydrothermal from USSR, inclusions
and physical properties, [13, 309

—assembled stones (see Doublets below)

~berlinite, synthetic: intecference figure, 42

—beryl, synthetc: Biren, pink, 305

—Biron (see Synthetic beryl abowve and Synthetic emerald
below)

—bismuth germanjum oxide, a new material of gemmological
interest ¥, 113

—bubbles in, terminelogy of, Leters, 181, 309

—caleite stained to imitate rthodochrosite, 308

—Chatham (s¢¢ Synthetic emerald and Synthetic sapphire
belotw)

~—chicken-blood stone, imitation, 440

——citrine, synthetic: seed plate orientation in, 482; growth
structure in, 481, 482

—coral, imitation: of batium sulphate, 306

—comndum, synthetic (see also Synthetic ruby and Synthedc
sapphire defoev): flux grown crystals, cross-—sections of seen
by rotation, 3533, habit of, 348; stars backed with computer
chips, 444

—cubic zirconia: colour-change, didymium doped, 305;
imitated by foiled paste, 179 vellow with absorption similar
to Cape diamonds, 447

—De Beers (s2¢ Synthetic diamond belo)

—diamond, synthetic: De Beers, distingushed from natural
and simulants by cathoedoluminescence, 104, yellow
industrial, largest yer, 444; DLC films grown by chemical
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vapour technique; 41, 106; low pressure growth of, a review
of diamond flm science and technology, 236; morphology
and formation process of from glassy carbon, f11;
orentation-dependent nitrogen incorpotatiot on vicinals on
cube growth surfaces, 237; Sumitomo, 41, canary yellow,
339

—doublers: backed with comyputer chips, 444; of emerald, 235;
of dendritic agate and glass, 308, 459, construction of, 460,
461, gemmological properties, 492; glass, imitating agate,
464); of tourmaline, 208

—emerald doublets (see Dioublets above)

—emerald, imitation: ctystals, made from filled crystal, 43, of
fluorite, 309, of glass, 239, 240, of quartz coated with
limonite and mica, 308, of quartz fragments cemented with
green epoxy, 373; in dyed quartz, 369

—emerald, syonthetic: detection of, by growth swuctures, 428,
431, 438, by infrared spectroscopy, 215, by thermal
conductance, 233, 322; flux-grown, crystal morphology,
431, lattice parameters, 172, 173, 177; syntheses of, 112
{2); Biron hydrothermal, absorption in UY, 418, Ct/V
catios in, 4! 1, ESR spectrum, 442, growth strucwures planes
in, 425, 437, infrared spectrum, 218, seed plate, orientaton
of, 437, thermal conductance, 234; Chatham flux-grown,
absorption in the UV, 418, crystal morphology, 431, growth
strugiures in, 431, 432, 433, infrared spectrum, 218, 418,
residual flux, zones of, 433; Emeraldolite, flux-grown
emerald overgrowth on narural beryl seed, 181, 441, 445,
Letters, 445, 446; Gilson, flux-grown, absorption in the UV,
418, cryseal morphology, 434, growth structures in, 434,
435, 436, lattice parameters, 172, 173, seed plates,
orientation of, 434, 435, 436, thermal conductance, 234;
Inamori, absorption in the UV, 418; Lechleitner, flux-
grown, 31; Lechleicner hydrothermal, 20, absorption
spectra, 26, 27, colour-causing trace elements, distribution
of, 22, 23, 24, 25, colour zoning in, 21, 22, 23, 28, types of,
D, 31, electron microprobe analysis, 23,24, fractures in
skin on colourless beryl core, 29, infrared specoum, 25, 28,
218, layered growth structure of, 21, 22, 29, pleochroism,
27, seed plate, orientation of, 437, similarity to Russian
hydrothermal emerald, 30, thermal conductance of coated
and of solid, 234, X-ray fluorescence spectra, 22; Lennix
flux-grown,inclusions, 41, thermal conduciance, vanadium
in, 41; Linde hydrothermal, seed plate, orientation of, 437;
Paol hydrothermal, growth structures in, 425, 437,
inclusions, 4, nomenclature of, 4/, raw marerial for, 41,
seed plate orientation of, 437; Regency hydrothermal,
growth structures in, seed plate, orientation of, 437;
Russian flux-grown, crystal morphology, 431, growth
stuctures in, 431; Russian hydrothermal, absorption
specrrum, 105, growth structures in, 105, 436, inclusions,
105, infrared spectrum, 218, physical properties, 105, seed
plate, otientation of, 437; Swarovski hydrothermal, infrared
spectrum, 222, seed plate orientation of, 436; Vasar,
absorption in the UV, 418

—Emeraldolite (see Synthetic emerald above)

—garnet, man-made: ‘oolongite’, I8 oulongite, #41; yroriutn
aluminium gallivm gamet, 366

—gem materials in the 19805, 240

—Gilson {see Synthetic emeralds abooe)

—glass imiations: of cubic zirconia, !7%; of emerald crystals,
239, 24, of Imperial jadeiwe, #44; of onyx, F07 ; of opal,
108; of pecrolite, 444; in uranium glass, found 1w be radio-
active, 184

—glass, uranium: found to be radio-active, 18f; probable,
radio-active, in the form of an egg, 306

—growth planes, importance of in distinction between
synthetic and natural gems, 344

—gutta percha (see Imitation jet befors)

—hematite, siicon imitation of, 305

—Inamori stone: (see also Synthetic emerald above) inclusions
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and other identifying fearures in rough, 13

—infrared spectroscopy {see spectroscopy, infrared, belon)

—ijadeite, imitation: calcite serpentine rock, selectively dyed,
309, glass, 444; quartzite dyed green, 238

—jet, imitation: gutea percha, 292, chemistry of, 293, 294,
distinction from wvulcanite, 296, 297, jeweliery grade,
composition and gemmelogical characteristics of,
manufacture of, 293, latex, source of, 293, surface
deterioration of, 294, 296; vulcanite, 292, chemisiry of,
295, distinction from gutta percha, 296, 297, jewellery
grade, composition and gemmological characteristics of,
294, 295, latex, source and recovery of, 294, 295

—Kashan {see Synthetic ruby below)}

—Fnischka created rubies {(see Synthetic raby below)

—Kyocera Corporation products (sez Inamori abouve)

—Ilapis lazuli, imitation, 42: distinguished from dyed and
tiatural untreated by UV-VIS spectra, 235

—TLechleitner (s¢e Synthetic emerald above)

—Lennix {sz¢ Synthetic emerald abowe)

—Linde (2 Synthetic emerald above}

—onyx, imitation: glass, 761; quartzite dyed purple, 444

—onlongite/oulongite; man-made ‘garnet’, 180, 441

—opal, imitation: glass, 108; plastic, physical characteristics of,
1rg

—uopalized shells, imitation: composition of, 19 (2), 305

—opal, syntheric: electrical properties of, 114

—pearl, blister: two joined to simulate natural peard, 179

—pearl, imitation: Majorica, 307

—pectolite, imitation: blue Imori stone (glass), 444

—periclase, synthetic: 109

—TPool emeralds (see Synthetic emerald above)

—quartz soudé ‘amethyst’, 305

—quattz, synthetic: growth of Brazil-twinned, {09; Russian,
305, update, 235;

—FR.egency (see Synthetic emerald abowe)

—ruby, imitation: in dyed quartz, 369

—ruby, synthetic: glass-filled, 442; Kashan flux-grown, crystal
morphology, 474; Knischka fux-grown, [78, 309, crystal
morphology, columpar habit, 479, growth structures in,
478, 479; proton-induced X-ray emission siudy of, 446;
star, incluzions in, 167

—sapphite, imitation: in dyed quattz, 369

—sapphire, synthetic: cabochons matted on back, 444;
Chatham flux-grown, crystal morpholegy, 476,
growthstructares in, 476, 477, 478, colour filter test on
vellow, 213; Czochralski, colourless and pink, 43; diffusion-
weated blue, 440, inclusions in, 442; purple, resembling
amethyst, 237; star, distingtion from natural, 445

—spectroscopy, infrared: classification of natural and synthetic
ererald, 220; to distinguish naaral from synthetic emerald,
215

—silicon imitation of hematite, 305

—spinel, synthetic: bubbles in, terminology of, Leters, 181;
F69; colour filter test on blue, 212; growth, characterizaton
and history of, 240; Russian flux-grown red, gemmological
charactetistics, {78, 186, 302, 310, 449, inclusions, I78,
180, 302, 303, 449, infrared spectrometry, 303, similarity to
natural spinel, 304, 440, surface growth features, 303;
triplet, purple, 305; Vemeuil, red, physical properties and
mnclasions, #40

—staurolite, synthetic; Mossbauver spectroscopy of, 441

—strontium titanate: distinguished from diamond by
reflecrivity meter, 97

—Sumitemo,{see Synthetic diamond above)

—Swarovski {see Synthetic emerald above}

—ua synthenc by any other name, 12

—routmaline doublet (see Doublets above)

—triplets: opal cat’s-eve, 308, 444; synthetic spinel, purple,
305; synthetic spinel/uranium glass, found to be radio-
active, 81

J Gemm,, 1991, 22

—tsavorite imitated by YAGG, 306

—rurquaise, imitatiot: of carbonate with plastic binder, 442

—uluraviolet spectrosgopy in separating synthetic from natural
gems, £45

—Vasar (see Synithetic emerald above)

—yuicanite {see Imitation jet above)

—vyterium aluminium gallium garnet (YAGG) imitating
tsavorite, 306

SZENICS, T., The rediscovery of axinite at Thornberry
Mountain near Coarsegold, Madera County, California,
241

Taaffeite: red, with uraninite inclusion, 239

—from Sti Lanka: absorption spectrum, colowr change, 1032

Taiwan: prehistoric earrings from, 446

—itreasures of the Peinan culture, 447

Tale as an inclusion in emerald, 156, 501

TAN, L.-P., (se¢ Bamnes, L.C., efal)

TAMG, S.H., {see Tang, S. M., eral)

TANG, S.M., TANG, 5.H., MOK, K.F., RETTY, A.T,,
TAY, T.S., & study of narural and synthetic rubies by
PIXE, 446

TANG, §.M., TANG, S.H,, TAY, T.5., RETTY, A.T,,
Analysis of Burmese and That rubies by PIXE, 446

Tanzania: chrysoprase from Haneti-Ttiso area, 373

—corundum from: 237; from Ngoronghoro, 41

—emeralds from: from Lake Manyara, infrared specira, 221

—ruby from: 237; in green zoisite, from Longido, 109, f14; in
Mgorongoro, 373

—sapphire from 237

—spinel from the Umba Valley, f04, 239

—star rhodolite from the Kangala Mine, 16

—usavorite from, euhedral crystals of, 307

wzircon from, 239

Tanzanite: cat’s-eye, 309, 397%; parallel channels in,
pleochroism in, 397

—<carved, heat treated, 309

—<colour filter test on, 212

TARAN, M.N., {see Platonov, A N., et al )

TAY, T.5., (see Tang, S.M., et ol}

TAYLOR, A., Emeraldolite (letter), #46

Taylor-Burton diamond, 235

TAYLOR, W.R., JACQUES, A.L., RIDD, M., Nitrogen-
defect aggregation characteristics of some Australasian
diamonds: time-temperature constraints on the source
regions of pipe and altuvial diamonds, 446

Thailand:

—ruby from: analysis by proton-induced X-ray emission, 446

—sapphire from: in alkali basaly, 472; from Bo Ploi, 376;
crystal morphology of, 474; growth structures in, 474, 475,
477; heat treatment of, 170; new deposit at Amphoe Bo
Phloi, 143; undersea exploration for, 118

Thaurmnasite: geological occurrences of, 334

—inclusions in, 334, 335

—from South Africa: in Kalahari Manganese Field, geological
occurrence, mineralogy of, 334; prowth zoning in, 334;
inclusions, 335; physical properties, 334, 336

The Gulf (see afse Bahrain and Qatar):

—pear] fishing and wading in, 4, 5

THEMELIS, T., Clues 1o identity, 113

—Longido, 114

—0Oiling emerald, 242

—Some inclugions in Umba corundums, 114

Thermal conductance: detection of synthetic emeralds by,
233, 234; Letter to the Editor, 322

—rmetets (see alie Instruments), 233

—of naturat and synthetic emeralds, 234

—of peridot, 322

—of sinhalite, 322

Thermoluminescence: used to differentiate between natural
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and irradiated blue topaz, 178

THUM, R., (sec Bente, K., er al.)

Thunberg, Carl Peter: biographical note on, 463; gems of Sri
Lanka collected and described by, 466

Thurlow, Mr A.M.N., Obituary, 246

Tindall, Mr E.H., Obituary, 384

Titanite (see Sphene)

TOMBS, G.A., Argyle diamonds, 446

Topaz: blue, distinction between natural and irradiated stones
by thermoluminsscence, 178

—from Brazl: in pegmatites, 368; spessartine gamet inchusions
in, 368

—colour filter tests: on blue, 212, 213; on yvellow, 213

—distinction from danburice by single crystal X-ray
diffractometer, 112

—from Germany: violet fron Greifenstein, yellow from
Schneckensiein, 375

—heat treatment of inclusions in, 460, 109

—inclusions in, 367, 460

—irradiation: detection of, by gamma-ray spectroscopy, 106,
371, by thermoluminescence, 78; of Nigerian, 202

—from Nigetia: geological occurrences of, 197; white,
supplied for irradiation, 202

—sculpture in bluish-green, 444

Towrmaline:

—associated with rose quartz: ¢lbaite, 283; gem, 273, 274,
283, 284; schorl, 273, 274, 276, 277, 278, 280, 284

—associated with raby: 485, 486, 495; colour, cause of, 491;
electron microprobe analysis, 492; ICP analysis of, 404;
peikilitic grains of, 489

—blue and green: coloured by copper and manganese, 178,
180, 238, 306, 447; heat treatment of, 239, 306

—from Brazil: in Minas Gerais, liddicoatite, 239, multi-
coloured crystals, 447, scepure elbaite, 242; in Paraiba, blue
and green, 110, 306, 308,447, colour and pleochroism of,
238, heat weaunent of, 239, 306, intensely coloured from
Salgadinhe, 371, physical properties of, f78, violet-blue
from new mine at San Jose Baltalha, 179

—chatoyancy in, 395, 444

—colour filter tests: on green, 213; on yellow, 213

—colour of, role of natural radiation in, 240

—rystals from Himalaya Mine, USA, 42

—elbaite: associated with rose quartz, 283; from Nigeria, 376;
sceptre, 242

—as an inclusion: in emerald, 137, 159; in garnet, 377; in rose
quartz, 285, 286; in sapphire, 70, 73, 74, 372

—liddicoatite, 239

—from Migeria: elbaite, 375; in pegmatites, 197, 193

—from Pakistan: new discovery in pegrnattes, 377

—from USA: in Califernia, <rystals from Himalaya Mine, 42;
a Hamlin Mount Mica crystal, 377

—violet-blue, resembling tanzanite, 179

Trade fairs, 118

Trade Liaison Comrittes Meetings: 449, 513

Treasure Chest gem tester, 306

Treated stones:

—agate with dendrites engraved on base, 460

—amethyst: conversion of citrine 1o, by irradiation, i1f; heat
treated, converted to citring, 42, 1if; growth soructures in,
481

—ancient texts describing: ‘Watural History” by Pliny, 399,
401, 402; Papyrus Graecus Holmiensis, 399, 400

—Aqua Aura treatment: goid-film biuing of faceted gems, 309;
of quartz, 444

—aquaimarine, heat wreatment, history of 403

—chalcedony, andficially induced dendntic inclusions in, 460

—citrine: conversion of amethyst 1o, by heating, 42, 111;
irradiated, converted vo amethyst, f 11

—comndum: clear and opaque as raw material for heat-treated
sapphires, 179; diffusion-treated, 442; geuda, anemalous
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behaviour of during heat wsaument, 405

—crackling, ancient practice of in quartz and red stones, 399

—diamend, filled: characteristics and identification of, 43,
240, glass filler ble, 180; “Yehuda-filled’, 239

—dijamond, irradiated: blue octahedron, 179; colour zoning in,
42, 306; green, radiv-active, 17%; ‘umbrella’ zoning in
green, 441

—*‘diamond softening’, misunderstanding of, 399

—emerald: filled fissures in, 237; mertal foils applied 1o
pavilion, 502; oiling, lack of evidence for in antquity, 402;
oiling, modern practice of, 242, 402, 403; Opticon
treatment of Brazilian, 110; repaired with plastic-like indill,
42; resin treakment, 501; tension cracks filled with oil, 501,
502; “Yehuda-filled’, 239

—fillers for diamonds and other gems, 237

—gemmology - the cutrent decade, a review of weatments, 240

—gemistone enharcement 2ad its detection, 239

—jade, waxed, 444

—jadeite: dyed, detection of, 370; impregnated with plastic,
179; dyed and waxed from Hong Kong, 440

—lapis lazuli, practical recognition of artificially colowred, 235

—~-malachite, possible ciling of in antiquity, 402

—opal: plastic coated, 369, 442; sugar-wreated, 309, 442

—vpearl, culared: dyed pink, 107; dyed black, [79, 441;
treated with silver to colour black, 237

—quarz, Aqua Aura treatment of, 444

—dquartz, dyed: imitating emerald, ruby and sapphire, 36%;
green, imitating jadeite, 238, 23%; man-made inclusions in,
450; purple, nsed as “purple onyx’ in Indian jewellery, 444;
resembling sugilite, 373; sold as green amethyst, 180;

—ruby: glass-flled, detection of, 239, #42; oiled, 305

—sapphire: blue, heated, 374; blue from Kashmir, 68, 89, 445,
blue from Sri Lanka, evidence for heac trearment of, B0;
clear and opaque raw material for heating, 179%; coated and
heated, 4485 diffusion-treated blue, 239; idennfication of,
307, 444; geuda induswry in Sri Lanka, 108; glass-filled holes
in, 239, heated 10 make colourless, 305; from Thailand,
effects of heat weatment on, 116

—tanzanite, heated to a blue colour, 309

—topaz: detection of irtadiated blue by gamma-ray
spectroscopy, 106, 371; heat treatment of inclusions in, 460

—itourmaline: from Paraiba, heat weatment of green and blue ,
23%; heat weaonem of purple, 306

—turquoise, probable eiling of in antiquiry, 402

Tremolite from Afghanistan, 442

Trillwood, Mr E., Obituary, 185

TRIDANI, T., Rare-carths, 309

TRIOSSI, A., (see Mascerti, D.)

Triphylite from Minas, Gerais, Brazil, 37/

TROUP, G.]., (s¢2 Hurton, D.R.)

Trumper, L.C.: thesis on measurement of refractive index by
reflectivity, 97

Tsavorite: (see alse Gamer) well-formed crystals from
Tanzania, 207

Turquoise: deposits in Australia, 440

—imitation (see Synthetic and simulated gernstones)

-—in North America, 242

Uniaxial gernstones {see Optical uniaxial gemstones)

Uraninite: associated with rose quartz, 274

—as an inclusion: in sapphire, 73, 74, 372; in waaffeite, 239

Ulreyire: discoverer of terresirial, 226

Uruguay: growth structures in amethyst from, 480

USA:

—amethyst from: in Connecticut, sceptre amethyst crystals,
23%; in eastern United States, 242 in Maine and New
Hampshire, [04

—axinite from Thomberry Mountain, Coarsegold, California,
241

—agzurite from Bisbee, Arizona, 441
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—beryl, red, from the Wah Wah mountains, Urak, 378, 445

—diamonds from; in Murfreeestoro, Arkansas, 374; recent
discoveries of large cryseals in Trinity County, California,
109

—diopside, wansparernt green, from New York, 376

—hodgkinsonite, cut pink, from Franklin Furnace, New
Jersey, 369

—hot rocks from Hawati, 242

—kimberlite pipes in Michigan, 308

—tnorganite from: in California, 376; in Maine, 376

-—opal: chatoyant, from Idaho, 443; fire, from Louisiana, 376

—peatls from: freshwater from Texas, 306; use in adornment
by native Americans, 332

—pyrope from Arzona, forsterite inclusions in, 374

—quartz from: iy Arizona, smoky quartz, 377; rose quartz, 42

—sapphire from Montana, 239, 432

—aserendibite from Johnsburg, New York, 139

~—sgunstone from Idaho, 239

—tourmaline from: in Himalaya Mine, California, 42; in
Mount Mica mine, Maine, 110

USSR

—diamond: as inclusions in garnets in metamorphic rocks
from Kazakhstan, 377; new find at Archangel’sk, 308

—emerald: feom the Ural Mountaing, chemical analysis of,
171; lattice parameters, 172, 173, 177; thermal
conducrance, 234; typomerphic features, 238

—ruby from: in Azov, 1853; in Pamir Mountains, 373

—scapolite, gem crystals of, from the Tarakuloma Ridge,
Pamir Mountains, 113

—spinel from: gem crystal from the Pamir Mountains, 110; in
Lake Baikal area, in marble, 376

—synthetics from: alexandrite, 377; ruby, new twype, 23%
spinel, flux-grown red, 178, 1280, 300

Valta, Mr A., Obituary, 504

VAN LANDUYT, ]., {se¢ Wollaer1, E., et af.}

Vasar synthetics (se¢ Synthetic and simulated gemstones)
Vesuvianite crystals from Jeffrey Mine, Quebec, 447
Vietnam: tuby from, 308, 442

—sapphire and ruby mines re-opening in, 180
VILARDELL, D., (s¢¢ Arjalaguer, T.)

Visual optics, 108

Viviamte associated with rose quartz, 282
VOQCHTEN, R., (s¢e Wollaett, E., et al}
VOOEKLES, L.L., (sec Levine, G}

WADE, K., FUINUKI, T., (Factors controlling amounts of
minor ¢lernents in pearls), 377

WAGNER, L., (see Scovill, LA)

Wales: the Dolaucothi gold mines, 379

-—WWelsh minerals, 37¢

WALTER, D.E., Australian gems: malachite, 242

WANG, F.Q., (see also Guo, ].F.)

—GUQ, ]., Chicken-blood stone from China, 114

WANNEMACHER, J., (s¢ee Bente, K., et all)

WARD, F., Emeralds, 242

-—The search for jade, 447

Wardite associated with rose quartz, 282, 283

WATT, .C.Y., Neolithic jade carving in China, 242

WEERTH, A., Newe Mineralfunde aus den berithmten
pakistanischen Edelsteinpegmatiten, 377

WEIBEL, M., (s¢e ako Hinmi, H.A.)

-—GRAESER, S., OBERHOLZER, W.F., STALDER, H.-A.,
GABERIEL, W., Dvie Mineralien der Schweiz, 387

WEISS, 5., {(see also Hochleitner, R.}

—Eisenhaltiger gelber Orthoklas - ein wiederentdekeer
Edelstein aus Madagaskar, 447

WELBOURN, C.M., (s¢2 Frank, F.C., et al.)

Wernerite (see Scapolite}

WHITE, 1.5., {ser also Souza, BLA., et al.)

J Gemm., 1991, 22

—COOK, R.B., Amethyst occurrences of the eastern United
States, 242

Whiterite associated with rose quartz, 282

WIERSEMA, B., Spouight on Scripps, 174

WIGHT, W., Kamieni szlachetne i ozdobne Kanady, 378

WILDMAN, M., {se¢ Hanano, I, &r al.)

WILKE, H.-]., Die mineralogische Sammlung des Natural
History Museum in London, 378

—POPOVA, E.E., Das Mineralogische Museum des
Leningrader Bergbau-Institute, 447

WILSON, A.F., The use of isotopes in exploration for
gemstones, 1 /4

WILSON, W.E., (s¢e also Souza, R.A., et al')

—Goldschmide’s world mineral locality index, 183

—What’s new in minerals ?, 242, 378

WOLLAERT, E., VOCHTEN, R., VAN LANDUYT, ].,
Characterisation of gem opal and inferior opal qualities by
means of elecironmicroscopy, 378

Wong, Mrs C., Obiwary, 246

WOODHEAD, J.A., ROSSMAN, G.R., SILVER, L.T., The
metamictization of zircon: radiation dose dependent
stuctural characteristics, 447

WOODRUFF, RE., FRITSCH, E., Blue pectolite from the
Deminican Republic, 242

World map of gem deposits, 119

WYKOFF, G.L., Beyond the glitter, 383

Xenotime: associated with ruby, 487, 489

H-radiography, use of in identification and study of pearls, 10,
15

X-ray analysis, energy dispersive:

—of hematite: 205, 206; spectrum, 205

—of pyrope-almandine, 239

X-ray diffractometer, single-crystal identification of gemstones
by, 112

X-ray fluorescence, energy dispersive: analysis of Russian fux-
grown red spinel, 203

X-ray powder diffraction: examinavion of black, opague, cut
stones, 132, 133

—of hematite, 205, 206

—measurement of lattice parameters in emerald, 172, 173,
177

—of spessartine inclusion in topaz, 367
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—inetamict green with laminated structure, 239

—imetamictization of, 447

—from Nigeria: absorption spectrum, 200; chemical analysis,
201; colour, 200; crystals, rounding of, 208; in decomposed
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