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he decade of the 1990s was probably the first in mod-
ern gemological history where advances in the pro-
duction and identification of synthetics and simu-

lants were overshadowed by treatment processes and the
detection of enhancement in gem materials. This was due
primarily to the emergence of new diamond treatments (i.e.,
color enhancement and decolorization) and to the prolifera-
tion and further development of existing techniques for
altering the apparent clarity of gemstones (e.g., laser drilling
of diamonds, “glass” filling of rubies, oiling, and heat treat-
ment), as discussed by McClure and Smith (2000) elsewhere
in this issue. However, some important new synthetics
were developed, others were improved, and the presence of
so many synthetic gem materials and simulants had a sig-
nificant impact on the trade (see, e.g., figure 1).

Although synthetic diamond continued to cause great
concern in the gem industry during the ‘90s, perhaps even
more important commercially was the introduction of a
new diamond simulant: near-colorless synthetic moissanite.
For most skilled gemologists, synthetic moissanite is easy to
identify because of its nonisotropic optical character and
other distinctive properties; however, it reads as “diamond”
on most conventional diamond testers. The alarm it quickly
generated in the trade illustrates the panic that can result
from a perceived threat to the diamond industry. And the
level of concern that continues to exist points out the gener-
al lack of even basic gemological knowledge among many in
the trade, as well as the danger inherent in relying on testing
instruments that may give inaccurate results.

Both Russia and China were important sources of syn-
thetic colored gem materials in the 1990s. In particular, the
collapse of the former Soviet Union made available equip-
ment and intellectual resources that had previously been
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devoted to (and developed for) military research. For
decades, the Russians had been working on
advances in various methods of crystal growth for
electronics, communications, and laser applica-
tions. These efforts led to important developments
in hydrothermal crystal growth (from hot aqueous
solutions on oriented seed crystals): synthetic ruby
and sapphires, synthetic quartz (amethyst, citrine,
and ametrine), and synthetic emerald and alexan-
drite, as well as synthetic spinel, forsterite (a tan-
zanite imitation), and a number of other gem mate-
rials, all of which are discussed below. A general
review of synthetic crystal growth and the produc-
tion of artificial gem materials (both colored stones
and diamonds) in Russia during this decade is pro-
vided by Balitsky (2000).

While some Chinese synthetics have been stud-
ied gemologically, few details are available on pro-
duction figures or growth facilities. However, we do
know that the Chinese introduced a synthetic
hydrothermal emerald into the marketplace
(Schmetzer et al., 1997) and have been heavily
involved in the production of other synthetics.
Although other countries such as Japan and the U.S.
also had significant synthesis activities, Russia and
China were dominant in colored stone synthesis
during the decade.

This article provides a general overview of devel-
opments in the production and identification of
synthetic diamond, moissanite, ruby, sapphire,
emerald and other beryls, quartz, alexandrite and
chrysoberyl, spinel, forsterite, opal, and other syn-
thetics, as well as simulants and imitations. Given

space limitations and the focus of the Gems &
Gemology audience, review of the published litera-
ture—during the period 1990 to 1999—has been
confined mainly to information that appeared in
gemological journals on materials that have been
seen commercially in the jewelry trade. (See
Nassau, 1997, for a general review of the chronology
of the growth and commercialization of synthetic
gem materials, which includes developments up to
the mid-1990s.) Readers are advised to use the pres-
ent article as a “guide” to the literature of the last
decade, and to consult the cited references for
details on each subject, particularly regarding meth-
ods of identification.

SYNTHETIC DIAMOND
Single-Crystal Synthetic Diamonds. From the vol-
ume of published literature, the most important
developments in gem synthesis would appear to
have been in the area of synthetic diamonds. 

In 1990, De Beers announced that the largest
synthetic diamond to date was a 14.2 ct crystal
grown for experimental purposes at their Diamond
Research Laboratory in Johannesburg, South Africa
(Koivula and Kammerling, 1990b). The yellow crys-
tal, reportedly of “good” industrial quality, took
more than 500 hours to grow under high-
pressure/high-temperature (HPHT) conditions.
Since that time, one of us (JIK) has seen 30+ ct yel-
low to brownish yellow synthetic diamond crys-
tals—with areas of gem quality—that were grown
experimentally by De Beers. These synthetic dia-
monds were marketed for industrial applications in

Figure 1. Numerous synthetics and simu-
lants were either introduced or, in most

cases, gained or maintained a strong
commercial presence during the 1990s.

These include, from the top (left to right):
Row 1—1.09 ct flux-grown synthetic red

spinel, 1.14 ct Czochralski-pulled syn-
thetic blue sapphire, 1.29 ct synthetic cit-

rine, 1.81 ct synthetic red beryl, 0.96 ct
Tairus hydrothermal synthetic emerald;
row 2—0.83 ct flux-grown synthetic blue

spinel, 1.02 ct black and 1.48 ct white
Gilson synthetic opal, 0.73 ct hydrother-
mal synthetic amethyst; row 3—0.43 ct

synthetic moissanite, 1.15 ct Tairus
hydrothermal synthetic ruby, 0.66 ct

Czochralski-pulled synthetic alexandrite,
0.58 ct De Beers experimental synthetic

diamond. Photo by Maha Tannous.
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1993, at which time the largest crystal weighed
34.80 ct and required more than 600 hours of grow-
ing time. Note, however, that the gem-quality syn-
thetic diamonds that were commercially available
in the 1990s were much smaller (see below). Most
synthetic diamonds are yellow, often with brown
overtones; the color is associated primarily with the
presence of nitrogen. The 1990s saw experimenta-
tion with, and limited production of, diamonds
with impurities such as nickel and cobalt (Kanda,
1999), as well as boron (Rooney et al., 1993; Reinitz,
1999b). It was also discovered that the typical
brownish orange to yellow synthetic diamonds
could be treated to create red to brownish red colors
(Moses et al., 1993).

It is clear, however, that the economic produc-
tion of near-colorless synthetic diamonds in a size
and quality suitable for jewelry was at least one of
the goals explored by diamond synthesizers during
the last decade (Rooney et al., 1993; Shigley et al.,
1997). By 1990, General Electric had demonstrated
that they could grow near-colorless type IIa dia-
monds exceeding 1 ct using a transition-metal flux

to prevent the incorpo-
ration of nitrogen and
boron impurities (Shig-
ley et al., 1993b). In

addition, they experimentally synthesized large (up
to 3 ct) colorless carbon-13 diamonds, which—theo-
retically—could be harder than carbon-12 based dia-
monds (Koivula and Kammerling, 1991b). Sumi-
tomo and De Beers also grew near-colorless synthet-
ic diamonds (figure 2; see, e.g., Shigley et al., 1997).
However, like those from General Electric, they
were grown experimentally for high-tech applica-
tions, and thus have not been encountered in the
jewelry industry (J. Shigley, pers. comm., 2000).

Russian scientists did produce near-colorless
synthetic diamonds (Koivula et al., 1994b) for sale
in the gem market. These were grown as cuboctahe-
dral crystals in a molten metal flux by a belt-type
apparatus. For some time during the ‘90s, Tom
Chatham (Chatham Created Gems, San Francisco)
attempted—unsuccessfully—to achieve commer-
cial production via presses in Russia and the U.S.

Nevertheless, there was greater availability of
gem-quality synthetic diamonds in the course of the
decade. Not only did the Thai-Russian joint-venture
company Tairus offer limited quantities of loose
synthetic diamonds, but they also began to promote
yellow Russian synthetic diamonds set in rings and
pendants of high quality (figure 3), which were mar-
keted by Superings in Los Angeles (Johnson and
Koivula, 1996). Toward the end of the decade, visi-
tors to the Tucson gem shows were able to pur-
chase small quantities of Russian-produced synthet-
ic diamonds, faceted and rough, in various as-grown
and treated colors (see, e.g., Johnson and Koivula,
1999; Smith and Bosshart, 1999). However, the lim-
ited quantities of near-colorless synthetic diamonds
being marketed to the trade as crystals are generally
less than 0.50 ct, with the faceted goods typically
less than 0.30 ct (J. Shigley, pers. comm., 2000);
most are highly included. The GIA Gem Trade
Laboratory also began to see synthetic diamonds
submitted for reports, including a group of 18 satu-
rated orangy yellow to greenish yellow synthetic
diamonds ranging from 0.10 to 0.71 ct (Reinitz,
1999a). Note that the metallic flux inclusions, as
well as yellow luminescence and phosphorescence
to short-wave ultraviolet radiation, made it easy to
identify this material as synthetic. The cuboctahe-
dral crystal form is typical of gem-quality synthetic
diamonds from all known manufacturers (again, see
figure 2; J. Shigley, pers. comm., 2000). 

Figure 2. Both Sumitomo and De Beers grew near-
colorless synthetic diamonds for experimental
purposes. The faceted De Beers near-colorless syn-
thetic diamonds shown here (inset) weigh 0.41 to
0.91 ct. The two Sumitomo synthetic diamond
crystals (0.23 and 1.25 ct) exhibit a cuboctahedral
form, which is typical of synthetic diamonds from
all known manufacturers. Left, photo © GIA and
Tino Hammid; inset photo © GIA. 



To keep pace with synthesis technology, a num-
ber of reviews (Shigley et al., 1992, 1997; Nassau,
1993; Sunagawa, 1995) and gemological studies
(Shigley et al., 1993a,b) were written. A wall chart
focusing on the separation of natural and synthetic
diamonds was published to educate members of the
jewelry trade (Shigley et al., 1995). Advances in dia-
mond synthesis will undoubtedly be monitored
closely throughout the current decade.

Synthetic Diamond Thin Films. Synthetic diamond
(and diamond-like carbon, or DLC) thin films can be
grown by chemical vapor deposition or CVD (see,
e.g., Spear and Dismukes, 1994; Buerki, 1996).
Typically deposited as a polycrystalline or drusy
layer, their use as coatings on gems is discussed in
the “Treatments” article in this issue (McClure and
Smith, 2000). Dr. E. Fritsch had two faceted dia-
monds (0.33 and 0.36 ct) and a 1.15 ct piece of rough
coated with a thin film of boron-bearing blue syn-
thetic diamond by low-pressure hot-filament syn-
thesis (Koivula and Kammerling, 1991a). In this
experiment, the facet junctions were not covered
very well and the resulting product conducted elec- tricity better than natural blue diamonds. In 1992, a

2-mm-high, gem-quality crystal of CVD-grown syn-
thetic diamond was seen (Koivula et al., 1992e), and
in 1995 production of a 1,600 ct disk, 28 cm in
diameter and 1.5 mm thick, was announced (Klages,
1995). Subsequently, Dr. E. Fritsch saw a parure set
with drusy CVD synthetic diamond (Johnson and
Koivula, 1997c), so the jewelry potential of this
material was finally realized (Winter and Gäbler,
1998). It continues, however, to be extremely limited.

SYNTHETIC MOISSANITE
AND RELATED MATERIALS
In the late 1990s, near-colorless synthetic moissan-
ite (silicon carbide; figure 4) was offered commer-
cially as a diamond simulant (Nassau et al., 1997;
Nassau, 1999; Chalain and Krzemnicki, 1999).
While one of us (JIK) has known of synthetic
moissanite as small faceted stones for over three
decades, the earlier samples were strongly colored
in shades of blue and green, and posed no real threat
to the diamond trade. However, near-colorless syn-
thetic moissanite has generated a great deal of atten-
tion: Because its thermal properties are so close to
those of diamond, it reads as “diamond” on most
of the thermal probes (“diamond testers”). Never-
theless, while this material has excellent hardness
(Mohs 91/4+), it still is not nearly as hard as dia-
mond. More importantly, the synthetic moissanite

Figure 4. One of the most important simulants
introduced this decade was near-colorless syn-
thetic moissanite. These two 6.5 mm synthetic
moissanites (1.74 ct total weight) are set in 18K
gold earrings. Courtesy of Charles & Colvard.

Figure 3. Fashioned Russian-made yellow syn-
thetic diamonds were mounted in platinum and
marketed as fine jewelry. Courtesy of Superings;
photo by Shane F. McClure.
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currently grown for jewelry purposes crystallizes in
the hexagonal crystal system and is doubly refrac-
tive (as compared to singly refractive diamond).
With a birefringence equivalent to that of tourma-
line, this material is easy to separate optically from
diamond (see, e.g., the references cited above and
Hodgkinson, 1998). Even though all of the faceted
synthetic moissanite examined so far in the trade
has been cut so that the optic axis is perpendicular
to the table facet (which makes it easy to find the
uniaxial optic figure in polarized light, but mini-
mizes the effects of the birefringence in the table-up
position), doubling can be seen by reflection when
the observer focuses past the culet. Through the
crown, the double refraction is quite obvious (figure
5), even with a 10¥ loupe.

Since the commercial introduction of near-color-
less synthetic moissanite in 1997, some further
technical developments on silicon carbide and relat-
ed materials have been patented (see Carter et al.,
1998; Hunter and Verbiest, 1998), including the use
of synthetic moissanite as a coating on diamond
(Nassau et al., 1999). The continuing development
of these super-hard silicon carbide-related materials
could be important in the production of future dia-
mond simulants.

SYNTHETIC RUBY
Hydrothermal crystal growth was an important syn-
thesis technique for colored stones throughout the
decade. The most significant development in ruby
synthesis involved the combined production and
commercialization of a product hydrothermally
grown by Tairus in Novosibirsk, Russia (figure 6).
While the hydrothermal synthesis of ruby was not
new to the 1990s, improvements in the growth
technique and the aggressive marketing by Tairus
were significant developments. Several studies
revealed that the most distinctive characteristic in
these hydrothermal rubies was the presence of
strong irregular growth features—striated and heavi-
ly roiled (also referred to as zigzag- or mosaic-like)
patterns—which are easily seen with a microscope
(figure 7) or even a 10¥ loupe (Peretti and Smith,
1993; Peretti et al., 1997; Sechos, 1997; Schmetzer
and Peretti, 1999). These features look similar to
those seen in other Russian hydrothermal synthet-
ics, particularly synthetic emeralds.

Anhydrous crystal growth methods (those that
do not use water) to synthesize corundum for com-
mercial jewelry applications included melt tech-
niques (Czochralski pulling and flame fusion) and
flux growth. None of these techniques was new to
gem synthesis in the ‘90s, but all produced signifi-
cant quantities of synthetics that entered the 
gem market. As in decades past, Czochralski-
pulled synthetics were sometimes represented in-
correctly as “recrystallized” rubies or sapphires
(Kammerling et al., 1995d; Nassau, 1995). Also as
in the past, the vast majority of synthetic rubies

Figure 5. Synthetic moissanite is fairly easy to
identify with a microscope or a loupe. When you
look through the crown, doubling of the back
facets readily reveals the doubly refractive nature
of this diamond simulant. Photomicrograph by
John I. Koivula; magnified 20¥.

Figure 6. The production and marketing of the
Novosibirsk-grown Tairus hydrothermal synthet-
ic ruby (here, 0.43–1.05 ct) were significant devel-
opments in the synthetic gem industry. Photo by
Maha Tannous.
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were grown by flame fusion; the same identifica-
tion criteria continue to apply (i.e., gas bubbles and
curved striae). Nevertheless, the number of “obvi-
ous” flame-fusion synthetics submitted to gemo-
logical laboratories suggests a distressing lack of
gemological knowledge in the trade as a whole.
Jewelers apparently are still finding it difficult to
identify material produced by this 100-year-old
technology. 

For flux-grown synthetics, at the beginning of
the ‘90s P.O. Knischka of Steyr, Austria, was pro-
ducing synthetic rubies of incredible size—crystals
over 5 cm long and faceted stones as large as 67 ct
(Koivula and Kammerling, 1990e; see, e.g., figure 8).
Identification is no problem, though, as all
Knischka synthetic rubies contain characteristic
glassy two-phase inclusions. With the death of
Professor Knischka in the mid-1990s, production of
this material apparently ceased.

The Russians also produced limited quantities
of flux-grown synthetic rubies, using tungstate
fluxes containing lithium and molybdenum (Henn
and Bank, 1993a; Henn, 1994). Two of the distinc-
tive internal features are triangular metallic (prob-
ably platinum) inclusions and gas bubbles, which
result from the contraction of flux inclusions
before they solidified. 

Also introduced in the 1990s was a flux-grown
synthetic ruby that reportedly was manufactured
in Piraeus, Greece (figure 9). Gemological investi-
gations (Hänni et al., 1994; Henn and Milisenda,
1994) showed that this Douros flux synthetic was
virtually identical to the flux-grown Ramaura syn-

thetic rubies that had been produced and marketed
by J. O. Crystal Co. in California since the early
1980s (see Kane, 1983). This similarity included
the general lack of platinum in the finished prod-
uct, and the orange color of larger flux inclusions.
The Douros rubies were marketed as faceted
stones up to 5 ct.

Muhlmeister et al. (1998) demonstrated the
effectiveness of trace-element chemistry (measured
by energy dispersive X-ray fluorescence [EDXRF]
spectrometry) in the separation of natural and syn-
thetic rubies. Nearly all currently produced synthet-
ics can be identified by their trace elements. 

Figure 7. A zigzag-like growth structure is charac-
teristic of some of the Russian hydrothermal syn-
thetic rubies and sapphires examined to date.
Photomicrograph by John I. Koivula; magnified 25¥.

Figure 8. Knischka synthetic ruby crystals were
grown in relatively large sizes, as evidenced by
this 40.65 ct sample. Photo by Robert Weldon.
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SYNTHETIC SAPPHIRE
While melt techniques also were responsible for the
bulk of synthetic sapphires sold in the ‘90s, as with
synthetic ruby the real news was their hydrother-
mal crystal growth in Novosibirsk and their mar-
keting through Tairus. Peretti et al. (1997) reported
on inclusions in Russian hydrothermal synthetic
sapphires and rubies, while Thomas et al. (1997)
described Tairus sapphires that had been doped
with varying trace amounts of nickel and chromi-
um to achieve a broad range of colors (figure 10).
Growth structures (Schmetzer and Peretti, 1999,
2000; figure 11) and, as might be expected, nickel
content was found to be important for identifying
these synthetics. Smirnov et al. (1999) described
experimental Russian hydrothermal synthetic blue
sapphires that—like their natural counterpart—

were colored by iron and titanium. Schmetzer and
Peretti (1999, 2000) also examined a group of experi-
mental Russian hydrothermal synthetic sapphires,
and found that the yellow samples were colored by
iron, that iron and titanium together produced blue,
that cobalt resulted in green, that manganese
caused reddish orange, and that vanadium or a com-
bination of iron, chromium, and nickel produced
material with a color change. Whether or not these
hydrothermal synthetics prove to be economic
remains to be seen, but the color possibilities are
most interesting. 

During the decade, Chatham Created Gems pro-
duced flux-grown pink synthetic sapphires
(Kammerling et al., 1994), including an 884 ct crys-
tal that was examined at GIA (Koivula et al., 1994a;
figure 12). While these synthetic sapphires have
essentially the same properties and inclusions as
Chatham’s flux-grown synthetic ruby, their lower
chromium content is responsible for the pink color.
A few of these pink samples contained an interest-
ing grid-like structure of tiny inclusions under their
table facets, but these were the exception rather
than the rule. 

Czochralski-pulled synthetic pink sapphire was
grown by Union Carbide (Johnson et al., 1995), but
with Ti3+ as the dominant chromophore (figure 13).
Large stones can be cut from the pulled rods; the
largest rod section examined in that study weighed
343.33 ct. These products fluoresce blue to short-
wave UV, which helps separate them from natural
pink sapphires when no inclusions are present. In
recognition of their titanium content, these syn-
thetic stones have been called “Ti-sapphire.”

The separation of natural from synthetic color-
less sapphires was also addressed in the ‘90s (Elen
and Fritsch, 1999). If no distinguishing inclusions
are present, a search in polarized light may reveal

Figure 9. The properties of Douros flux-grown
synthetic rubies (here the crystal is 44.74 ct and
the faceted samples, 2.14–4.93 ct) closely
resemble those of Ramaura synthetic rubies.
Photo by Robert Weldon.

Figure 10. Tairus marketed Russian hydrothermal synthetic sapphires in a broad range of colors that were
produced by different trace-element dopants. Left = greenish blue samples, colored by Ni2+ and Ni3+ (the
rough sample is 9.99 ct); center = synthetic ruby (2.17 ct) and pink sapphires, colored by Cr3+; and right =
yellow synthetic sapphires, colored by Ni3+ (the largest is 4.74 ct). Photos by M. Glas.
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the so-called Plato lines that are indicative of flame-
fusion growth. Short-wave UV radiation may show
curved growth zoning in some colorless synthetic
sapphires. EDXRF analysis revealed higher concen-
trations of trace elements such as gallium, iron, and
titanium in natural colorless sapphires. These trace
elements also cause a reduction in short-wave UV
transparency, so that natural colorless sapphires
appear opaque to this test, while their synthetic
counterparts appear transparent (figure 14). Elen and
Fritsch (1999) described a tester that was specially
designed for this purpose.

SYNTHETIC EMERALD AND OTHER BERYLS
Synthetic Emerald. Although significant quantities
of hydrothermal synthetic rubies and sapphires
were grown during this period, the two most
important hydrothermal synthetic gem materials
in terms of quantity produced and availability were
beryl (mainly emerald) and quartz (mainly
amethyst). Hydrothermal synthetic emeralds were
available from both China and Russia, although
significantly more was published on the latter.
Schmetzer et al. (1997) examined synthetic emer-
alds that emerged from Guilin, China (figure 15).
They reported the presence of (1) oriented needle-
like tubes (spicules) and cone-shaped voids that
were typically associated with small chrysoberyl
crystals (figure 16), and (2) growth and color zoning.
Both of these internal features are believed to be
diagnostic of this material.

Large numbers of faceted high-quality Russian
hydrothermal synthetic emeralds continued to pass

through gemological laboratories into the year 2000,
although for the most part this product was not
new. Schmetzer and Kiefert (1990) found that some
natural and hydrothermal synthetic emeralds could
be separated by means of infrared spectroscopy in
the 3500–3800 cm-1 range. The exceptions were
low-alkali-bearing natural (e.g., from Colombia and

Figure 13. This attractive titanium-doped
Czochralski-pulled synthetic pink sapphire, here
1.20 ct, has been referred to as “Ti-sapphire.”
Photo by Maha Tannous.

Figure 12. Chatham Created Gems produced
this 884 ct flux-grown pink synthetic sapphire
and the accompanying faceted material. Photo
by Robert Weldon. 

Figure 11. The hillock-like growth structure shown
here in an intense pink sample appears to be a fea-
ture diagnostic of Russian hydrothermal synthetic
rubies and sapphires. Photomicrograph by Karl
Schmetzer; magnified 50¥.
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Nigeria) or synthetic (e.g., Russian hydrothermal)
emeralds. Sechos (1997) documented some distinc-
tive microscopic properties of Australian (Biron) and
Russian hydrothermal synthetic emeralds.

Tairus also marketed an “improved” hydrother-
mal synthetic emerald from its Novosibirsk opera-
tion (figure 17) that showed virtually no diagnostic
growth structures (Koivula et al., 1996). However,
samples of this material were found to contain
diagnostic clusters of tiny red-brown and white
particles. Further study of the growth method and
resulting growth-related properties (Schmetzer,
1996), as well as the inclusions (Schmetzer and
Bernhardt, 1997), revealed that the use of seeds 

oriented 45° to the c-axis almost eliminated the
growth features. The reddish brown inclusions
were identified as iron oxides. 

Other Synthetic Beryls and Overgrowths. Russian
crystal growers also manufactured and marketed
hydrothermal synthetic red beryl and aquamarine
during the ‘90s, although neither product was total-
ly new to the decade (see, e.g., Koivula and Kam-
merling, 1988). Synthetic red beryl was described by
Henn and Milisenda (1999a,c), who reported irregu-
larly oriented subgrain boundaries as the most diag-
nostic property and iron, cobalt, and manganese as
the colorants. A number of interesting hydrother-
mal synthetic bicolored beryls also have been pro-
duced in Russia—typically manganese-colored red
beryl grown over seed plates of hydrothermal syn-
thetic emerald. A strongly bicolored synthetic beryl
crystal, with a purplish pink core and purplish blue
rim (figure 18), showed very distinctive color zoning
and associated orangy red and dark reddish orange
pleochroism (Johnson et al., 1999b). In this instance,
EDXRF analysis determined that the coloring ele-
ments were primarily manganese in the core, and
manganese, chromium, and copper in the rim. 

A hydrothermal synthetic aquamarine showed
diagnostic growth structures, or cellular patterns, of
subgrain boundaries (Schmetzer, 1990). At the end

Figure 16. This dense pattern of nailhead
spicules and chrysoberyl crystals, usually locat-
ed near the seed plate, is typical of that seen in
the hydrothermal synthetic emeralds produced
in Guilin, China. Photomicrograph by John I.
Koivula; magnified 30¥.

Figure 14. When viewed with the short-wave
UV transparency tester, natural colorless sap-
phires typically appear opaque and synthetic
sapphires are transparent. Photo by Shane Elen. 

Figure 15. Guilin, China, is the source of these
attractive hydrothermal synthetic emeralds. The
crystals weigh 10.78 and 14.75 ct; the faceted
piece is 1.14 ct. Photo by Maha Tannous.
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of the decade, Henn (1999a) described hydrothermal
synthetic aquamarine from recent Russian produc-
tion that contained characteristic swirl-like growth
structures, and Smirnov et al. (1999) noted such pat-
terns in similar Novosibirsk material that was mar-
keted via Tairus.

Other manufacturers also experimented with
potentially marketable colors of beryl. A synthetic
pink beryl colored by titanium (Ti3+) was reported
by Brown (1990) and Fritsch et al. (1992). Grown in
Perth, Australia, by Biron International Ltd., this
synthetic had a slightly lower specific gravity than
would be expected for natural morganite. Faceted
examples up to 20 ct have been seen. 

Relatively thin overgrowths of synthetic emer-
ald on natural beryl were again reported in the
1990s. For example, “Emeraldolite” from France
consists of opaque white natural beryl with an
overgrowth produced by the flux method (Robert et
al., 1990). In Russia, thin layers of hydrothermal
synthetic emerald were grown on large, elongated,
and rounded seeds of transparent colorless natural
beryl (Henn and Bank, 1993b) that typically were
not visible in the final product. Given that the
hydrothermal growth technique has been used to
produce many colors of synthetic beryl, there is no
reason why overgrowths in other colors could not
be produced.

SYNTHETIC QUARTZ
Commercially, the most important variety of syn-
thetic quartz during the ‘90s was hydrothermally
grown synthetic amethyst. This material was wide-
ly used in the trade, primarily because it was so dif-
ficult to detect: Unless inclusions and characteristic
twinning patterns are present, synthetic amethyst
can be conclusively identified in most cases only
with Fourier-transform infrared spectroscopy
(Zecchini and Smaali, 1999). Even by the late 1980s,
the presence of Brazil-law twinning was no longer a
guarantee of natural origin, as the Russians and oth-
ers were growing synthetic amethyst twinned on
the Brazil law. 

The synthesis process had become even more
sophisticated by the late 1990s, when it was learned
that round seeds were used in Beijing for the pro-
duction of synthetic amethyst (Johnson and
Koivula, 1998), which resulted in crystals with no
obvious seed plate. Also, because of the orientation
and domed shape of the seeds used by the Chinese
producers, the resulting synthetic crystals have the
external morphology of natural amethyst. It is

unknown how much of this material is being pro-
duced, or how most of it is distributed. 

While there was little new methodology for the
commercial production of other varieties of
hydrothermal synthetic quartz, several studies
detailed the processes used to grow, and in certain
instances also treat, synthetic quartz for gem appli-
cations (see, e.g., Balitsky et al., 1999b). Again, it
seems that Russia and China were the most 

Figure 18. Distinct color zoning is evident in this
9.3 mm wide crystal of Russian hydrothermal syn-
thetic bicolored beryl. Photo by John I. Koivula. 

Figure 17. These hydrothermal synthetic emer-
alds (0.17–0.41 ct) were newly produced in
Novosibirsk during the ‘90s, another product
marketed by the Thai-Russian joint venture
Tairus. Photo by Maha Tannous. 
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significant participants in researching and produc-
ing this material (Landmann, 1999). 

There were significant developments in the growth
and treatment steps needed to make synthetic
ametrine (Balitsky et al., 1999a; figure 19), which has
been commercially produced hydrothermally from
alkaline solutions since 1994. It can be identified by
a combination of characteristics, including twinning
and color zoning. EDXRF analysis revealed higher
concentrations of iron, manganese, potassium, and
zinc than have been found in natural ametrine. The
infrared spectra of the synthetic citrine portions
showed a more intense absorption in the 3700–2500
cm-1 range than is seen in the natural counterpart. 

Details of the synthesis and identification of
Russian hydrothermal synthetic pink quartz also
were provided by Balitsky et al. (1998; figure 20). Sold
under the trade name Flamingo Quartz, this product
is grown in autoclaves using an ammonium fluoride
solution. As grown, the synthetic quartz is colorless.
Phosphorus is the chromophore, and the pink color is
produced by a combination of irradiation and heat-
ing. Since approximately 200 kg are produced each
year, there is a good chance that synthetic pink
quartz will be encountered in the trade. When there
are no inclusions to aid in detection, the presence of
an intense broad band around 3420 cm-1 in the IR
spectrum provides a useful diagnostic feature.

There is ongoing experimentation with quartz
growth techniques that even more closely duplicate
nature. In particular, experiments are being done
under conditions of high temperature and pressure,
using supercritical fluids and trace elements that are

typically found in natural quartz (see, e.g., Balitsky
et al., 1999b). If synthetics grown under these condi-
tions are marketed commercially as substitutes for
natural gems, then the identification criteria on
which we currently rely also might change.

SYNTHETIC ALEXANDRITE
AND CHRYSOBERYL
Czochralski-pulled synthetic alexandrite was mar-
keted in the 1990s under the trade names Nicholas
Created Alexandrite and Allexite. Koivula and
Kammerling (1991d), Koivula et al. (1992d), and
Brown and Kelly (1995) examined a number of
Nicholas Created samples and found that some
showed a curved internal growth structure. The color
change was from a purplish red in incandescent light
to greenish blue in day or fluorescent light, with
medium to medium-dark tones. While many of the
faceted samples examined were virtually flawless,
the cabochons usually contained at least a few easily
observed gas bubbles, which are useful in their identi-
fication. The color change in Allexite is from reddish
purple to bluish green (Koivula et al., 1992c). Curved
growth features readily identify this material as syn-
thetic, and occasionally minute gas bubbles are seen.
Generally, however, Allexite appears flawless at first
inspection, which should arouse suspicion.

In the mid-1990s, Russian flux-grown synthetic
alexandrite (in twinned and single crystals) was
reported by Kammerling et al. (1995e) and

Figure 19. Hydrothermal synthetic ametrine
was commercially grown for the first time in the
1990s. This crystal weighs 98.55 ct and the cut
sample, 7.53 ct. Photo by Maha Tannous.

Figure 20. Large amounts of transparent synthetic
pink quartz (here, 1.95–16.06 ct) also entered the
gem market during the past decade. Manufactured
in Russia, this hydrothermal synthetic was sold as
Flamingo Quartz. Photo by Maha Tannous.
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Schmetzer et al. (1996). Using a flux containing
molybdenum, germanium, and bismuth, the
Russians have produced crystals weighing several
carats, from which faceted stones exceeding a carat
have been cut (figure 21). Chromium, vanadium, and
iron were found to be the chromophores for a color
change from brownish red to bluish green. The pres-
ence of typical flux inclusions and inclusion patterns
makes most samples relatively easy to identify.

Other synthetic chrysoberyls were produced in
the 1990s. Johnson and Koivula (1997d) reported on
green vanadium-colored synthetic chrysoberyl that
had no change of color. This material sometimes
contains slightly elongated bubbles and irregular
curved growth zones that are best observed with
immersion (figure 22). More recently, Krzemnicki
and Kiefert (1999) documented bluish green, light
green, and pink synthetic chrysoberyl. Vanadium is
the coloring agent in the green and bluish green
material, while titanium is responsible for the pink
color.

SYNTHETIC SPINEL
Although Russian flux-grown synthetic red spinel
was first noted by Bank and Henn (1989) and
Koivula and Kammerling (1989), it was not until the
1990s that both the red and blue varieties (figure 23)
were fully characterized (Bank and Henn, 1990;
Brown et al., 1990; Hodgkinson, 1991; Henn and
Bank, 1992; Muhlmeister et al., 1993; Johnson and
Koivula, 1997b). This research showed that traces of
chromium were responsible for the color in the syn-

thetic red spinel and cobalt in the blue, with subor-
dinate iron in both. The flux-grown synthetic blue
spinels can be identified by their inclusions, UV flu-
orescence, and absorption spectrum. If no inclusions
are present, the red material requires chemical anal-
ysis to determine zinc content, since natural spinel
contains significantly more zinc. Synthetic crystals
weighing over 10 ct were available.

Figure 23. Although Russian flux-grown synthetic
red and blue spinels (here, 0.30–1.23 ct) were
introduced in the 1980s, they were not fully char-
acterized until the ‘90s. Photo by Maha Tannous. 

Figure 21. Russian flux-grown synthetic alexan-
drite, such as these crystals (4.89 and 1.64 ct)
and the faceted sample (1.07 ct), appeared on
the market in the mid-1990s. Photo (in incan-
descent light) by Maha Tannous.

Figure 22. The irregular nature of the curved
growth bands is distinctive of the green nonphe-
nomenal synthetic chrysoberyl that entered the
market in the mid-‘90s. Photomicrograph by
Karl Schmetzer; immersion, magnified 60¥.
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In a detailed study of Verneuil (flame-fusion) syn-
thetic spinels, Rinaudo and Trossarelli (1998) noted
various patterns of anomalous birefringence when
samples were observed in different orientations.

SYNTHETIC FORSTERITE
In 1994, Nassau described synthetic forsterite and
synthetic peridot. The chromium-doped synthetic
forsterite crystals were grown by the Czochralski
method at the Ageo City Central Research Labor-
atory of the Mitsui Mining and Smelting Co. in
Tokyo. A peridot-like color was attained in the

rod-shaped crystals, which ranged up to 2.5 cm in
diameter and 20 cm long. Not only was this mate-
rial virtually free of inclusions, but it also showed
slightly lower values for specific gravity and
refractive indices than those recorded for peridot,
due to a low iron content. Johnson and McClure
(1999) and Henn (1999b) subsequently described
Russian Czochralski-pulled synthetic forsterite
with a color and pleochroism (blue and pink;
caused by cobalt) that made it an excellent substi-
tute for tanzanite (figure 24). In fact, some of this
material has been submitted to the GIA Gem
Trade Laboratory for identification. However, the
lower refractive indices (1.635 –1.671, versus
1.695–1.702 for tanzanite) provide an easy means
of separation. Gas bubbles also may be present in
this synthetic. 

SYNTHETIC OPAL
Kyocera of Kyoto, Japan, manufactured and market-
ed plastic-impregnated synthetic opals in the form
of polished irregular nodules in white and a variety
of bright colors (Kammerling et al., 1995c). Freeform
polished nodules up to about 5 ct were available at
the time of that report (see, e.g., figure 25). The bright
colors and the unnatural appearance of the play-of-
color are an immediate give-away that these opals
are not natural. Synthetic orange “fire opal” also
was introduced by Kyocera in the 1990s, as a substi-
tute for the natural material from Mexico (Henn
and Milisenda, 1999b); infrared spectroscopy
revealed the presence of resin as a stabilizer.

Synthetic opals produced in China and Russia
were described by Henn et al. (1995). The Chinese
material proved to be plastic-impregnated with a
corresponding low density. The Russian synthetic
opal also had a low density, and some of the black
material resembled natural opal that had been
sugar- and acid-treated. Both products showed
acceptable play-of-color.

In general, synthetic opals are easy to identify
unless they are set in a mounting that restricts
examination. Depending on how the stone was
oriented when it was cut, diagnostic visual char-
acteristics (such as columnar structural pattern-
ing) may or may not be visible.

Because of the presence of certain additives, such
as plastics used as binding agents, some gemologists
and researchers do not necessarily agree that all so-
called synthetic opals actually qualify as true syn-
thetics. This is a nomenclature problem that hope-
fully can be sorted out in the coming decade.

Figure 25. These polished freeforms (3.59–4.30
ct) are typical of Kyocera plastic-impregnated
synthetic opals. Photo by Maha Tannous.

Figure 24. With their color and strong pleochroism,
these cobalt-doped synthetic forsterite samples
closely resemble tanzanite. The largest cushion

mixed cut weighs 6.15 ct. Courtesy of Tom
Chatham; photo by Maha Tannous.
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MISCELLANEOUS SYNTHETICS
We continue to see a variety of unusual, if not out-
right weird, new synthetics that can be fashioned as
gemstones. It is unlikely that any of these materials
will ever have a large market, or achieve wide
acceptance. However, such materials are submitted
to gemological laboratories and must be identified
accurately. One example is synthetic sodalite (figure
26; Koivula et al., 1992b). Experimentally grown in
China as heavily included and twinned colorless
crystals up to 57 ct at the time of that report, the
blue color is due to irradiation.

Recker and Wallrafen (1992) and Henn (1999c)
documented synthetic fresnoite, a barium titanium
silicate grown by the Czochralski method for tech-
nical applications. It is reported that crystals of dif-
ferent colors can be grown by the addition of vari-
ous dopants, but only the yellow-to-orange materi-
al is within the color range of the natural mineral.
Also, natural fresnoite contains fluid inclusions,
which are absent from the Czochralski-pulled syn-
thetics. Only a few very tiny gas bubbles have been
observed as inclusions in synthetic fresnoite.

Russian manufacturers have also used Czoch-
ralski pulling to grow pink and orange transparent
crystals of yttrium aluminum perovskite (YAP;
Linton, 1997). Like most melt-pulled synthetic crys-
tals, synthetic perovskite can be virtually flawless.
This absence of internal features, together with the
color (gem-quality perovskite is black, dark brown, or
“amber” to dark yellow), should at least warn gemol-
ogists that they might be dealing with a synthetic.

Limited quantities of bright blue-green synthetic
phenakite, flux grown in Russia, also became avail-
able in the ‘90s (Koivula et al., 1994c). The crystals
examined were transparent, but contained brownish
yellow flux inclusions that would separate them
easily from their natural counterpart. These crys-
tals, which weighed up to 12.5 ct, could potentially
yield faceted material up to 6 ct.

Another ‘90s synthetic, which actually became
quite popular both as crystal specimens and faceted,
was zincite from Silesia, Poland (Kammerling and
Johnson, 1995). The crystals—some more than 15
cm long—were reported to have formed by vapor
deposition as an accidental by-product of an indus-
trial kiln process used to produce zinc-based paint.
The faceted samples examined in 1995 (as large as
several carats) were yellow, orange, orangy red, and
(a very few) yellowish green (see, e.g., figure 27).
These synthetic zincites can be readily distin-
guished by their inclusions, which do not resemble

those seen in the natural material, and the fact that
they lack manganese.

MISCELLANEOUS SIMULANTS
AND IMITATIONS
Amber simulants composed of small chunks and
angular fragments of natural resin set in yellow to
brownish yellow plastic were available (Kammer-

Figure 27. These synthetic zincites (1.35–3.26 ct)
were fashioned from material that was an acci-
dental by-product of an industrial kiln process
used to produce zinc-based paint in Silesia,
Poland. Photo by Maha Tannous.

Figure 26. Irradiation is responsible for the blue
color in this 20.38 ct crystal of synthetic
sodalite from China. Photo by Robert Weldon.
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ling et al., 1995a; figure 28). The material was pro-
duced in Gdansk, Poland, and has been described
as pressed, reconstructed, reconstituted, or syn-
thetic amber.

An assembled simulant for Madagascar emerald
consisted of a cabochon of colorless beryl for the
dome and a base of heavily included colorless beryl,
with a green cement layer between the two
(Koivula and Kammerling, 1990a). 

Johnson et al. (1999a) reported on a manufac-

tured imitation of charoite that was marketed
under the name Royal Russianite by Marchant
Enterprises of Anchorage, Alaska. The material
examined was purple, opaque, and unevenly col-
ored in swirled light and dark tones. A thermal
reaction tester produced an acrid odor, as would be
expected of a plastic.

A so-called reconstructed lapis lazuli was found
to consist of barium sulfate with a polymer bond-
ing agent and pyrite inclusions (Kammerling et al.,
1991a). Since this imitation does not consist of
natural material, reconstructed lapis lazuli is a
misnomer.

Manning International in New York introduced
a composite imitation of crystal opal that consisted
of synthetic opal fragments in glass (Kammerling
and Koivula, 1993; figure 29). Sold under the name
Gemulet, the material was offered as faceted stones,
small spheres, and tear drop–shaped cabochons.

Although not new to the decade, Majorica imi-
tation pearls were ubiquitous on the world market.
Hanano et al. (1990) provided a detailed description
of the manufacturing process for this very success-
ful pearl imitation, which uses lead-based glass
beads coated with “pearl essence,” a mixture of
guanine extracted from fish scales and binding and
coloring agents.

Nontransparent white, pink, and black synthetic
cubic zirconia (CZ) manufactured in Russia was mar-
keted in cabochons and beads as substitutes for pearls,
black chalcedony, and black diamonds (Kammerling
et al., 1991b; figure 30). CZ’s high specific gravity
compared to the materials for which it substitutes
will make items such as long bead necklaces feel rel-
atively heavy. Chalain (1999) provided an update on
this material as a black diamond substitute.

Tanzanite imitations entered the market in the
1990s. As reported by Kiefert and Schmidt (1996),
some of the most popular tanzanite imitations were
a dark violet calcium phosphate glass, a violet
flame-fusion synthetic corundum marketed as Blue
Coranite, and a purple YAG sold as Purple Coranite.
Since none of these imitations has the same gemo-
logical properties as natural tanzanite, separation is
relatively straightforward. Synthetic forsterite as a
tanzanite imitation (again, see figure 24) was dis-
cussed above.

IMITATION ROUGH
The deceptive alteration or manufacture of gem
rough and crystal specimens continued throughout
the 1990s. So far, these creations have been rela-

Figure 29. “Gemulet” is an opal imitation that
is composed of synthetic opal fragments in
glass. Photomicrograph by John I. Koivula;
magnified 15¥.

Figure 28. This 8.32 ct amber simulant is com-
posed of plastic with embedded fragments of
natural resin. Photo by Maha Tannous.
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tively easy to detect. However, when dealing with
gem rough, just as when purchasing fashioned
gems, it’s important to know that synthetics and
simulants are everywhere: caveat emptor—“let the
buyer beware.”

As expected, diamonds were frequently a target
mineral for this form of fakery. Cubic zirconia was
carved to look like diamond crystals (Crowning-
shield and Moses, 1996), and topaz was fashioned to
resemble diamond rough (Crowningshield and
Reinitz, 1997; figure 31). Since topaz has essentially
the same specific gravity as diamond, heft provided
no indication of the deception.

Imitation emerald crystals were the most com-
mon form of rough colored stone deception. The
materials used ranged from green glass (Koivula and
Kammerling, 1990c) to natural quartz fragments
held together by a green cement (Koivula and
Kammerling, 1990d; figure 32) to quartz coated with
green plastic (Johnson and Koivula, 1997a). These
manufactured items often would pass a superficial
inspection. They usually exhibited a somewhat dis-
torted hexagonal habit, although in one instance a
glass imitation displayed only five sides. Typically,
they also were “decorated” with at least a little
light orangy brown limonitic coating that had small
rock fragments and some mica flakes attached. This
pseudo-matrix was designed to provide a more real-
istic appearance.

Ruby and sapphire were also faked. Cobbed as
well as tumbled, and otherwise realistically abraded,
flame-fusion synthetic rubies were sold as natural
rough and preformed rubies from Vietnam (Koivula

and Kammerling, 1991c; figure 33). Gemological
testing and EDXRF analysis identified these samples
as synthetics. Kammerling et al. (1995b) reported on
laboratory-grown masses of transparent dark purple
GGG seen in Taunggyi, Myanmar, that had been

Figure 30. Black, nontransparent cubic zirco-
nia from Russia was used as a black diamond
simulant. The faceted sample weighs 6.60 ct.
Photo by Shane F. McClure.

Figure 32. Purchased in Zambia, these two imi-
tation emerald crystals are composed primarily
of quartz fragments that are held together by a
green binding agent; the larger sample weighs
63.35 ct. Notice that a dusting of matrix has
been applied to provide a more realistic appear-
ance. Photo by Robert Weldon.

Figure 31. Fashioned to imitate diamond rough,
these two “crystals” (63.65 and 28.88 ct) were
identified as topaz. Photo by Nicholas DelRe.
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fashioned to resemble sapphire crystals and were
being sold as coming from a “new locality.”

Kane (1991) reported on a “crystal” that had been
fashioned from flame-fusion synthetic ruby to look
like red beryl. The slightly abraded 23-mm-long
hexagonal prism (38.05 ct) contained curved striae
and gas bubbles, and showed very strong red UV flu-
orescence. Because these features are not found in
natural red beryl, this simulant was easy to identify.

Probably the most unusual example encountered
in the 1990s was an assembled imitation watermel-
on tourmaline crystal with minor amounts of exter-
nal “matrix” material (Koivula et al., 1992a; figure
34). This 667 ct specimen consisted of a rock crystal
quartz core, a coating of a dark pink coloring agent,
and then a layer of mineral fragments in cement.
All were contained within long, thin slices of tour-
maline on the surface; two of these were dark blue,
with the remainder dark yellowish green.

Many other interesting fakes were also docu-
mented throughout the ‘90s (see, e.g., “Fake gems
pose threat…” [1999] for examples seen in Africa).
Therefore, this section serves only as an introduc-
tion to this ongoing problem.

CONCLUSION: LOOKING TO THE FUTURE
What does the future hold for synthetics and simu-
lants? Undoubtedly, technology will continue to
advance, and will bring improvements in existing
synthesis techniques and the resulting products.
Increasing research to produce crystals for high-
technology applications should result in a better
understanding of crystal growth mechanisms. This
will likely result in larger and higher-quality crys-
tals, and the application of growth conditions
resembling nature will probably produce more natu-
ral-looking synthetics. We should also expect to see
a continued (perhaps expanding) variety of laborato-
ry-grown materials (many of which may have no
natural counterparts).

The technology of gemstone identification also
will move forward. Optics for gemological micro-
scopes will be improved over the next decade so
that we will see more, and see more clearly. The
detection levels for, and ease of operation of, the
advanced instruments that have become increasing-
ly important over the last decade undoubtedly will
be improved over the next 10 years.

Will new synthesis processes be developed?
Probably. Will the synthetic products grown by
them be more difficult to identify? Possibly. What
new synthetics will we have to deal with? That’s

Figure 34. This 667 ct imitation watermelon
tourmaline crystal is made up of a complex
assembly of several materials; only portions of
the outermost surface are tourmaline. Photo by
Maha Tannous.

Figure 33. All of these pieces of tumbled rough
and cobbed material (3.79–15.17 ct) were pur-
chased in Vietnam as ruby, but only the small-
est and darkest piece of rough (pictured at the
bottom) proved to be natural. All of the others
were flame-fusion synthetics that had been
fashioned to mimic their natural counterpart.
Photo by Shane F. McClure. 
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hard to say. But if we follow existing research
trends in the crystal growth industry as they relate
to gemology, then we may see a new breed of dia-
mond simulants. Chief among these might be a
gem-quality isotropic polytype of synthetic
moissanite or the development of other super-hard
materials, such as cubic boron nitride, that could
have gemological applications as diamond simu-
lants. For colored stones, commercial quantities of
synthetic zoisite as a substitute for tanzanite might
be realized, as well as chromium-doped synthetic
pink topaz. For the most part, however, future
developments in synthetics will continue to
revolve around the “big four”—diamond, emerald,
ruby, and sapphire—since the possibility for profit
is highest with these materials. For diamonds in
particular, the market for smaller goods is particu-
larly vulnerable to developments in synthetics
since testing melee-size stones may be cost pro-
hibitive. More hydrothermal synthetic rubies and
sapphires also might appear on the market, as well
as more synthetic beryl in different colors.

We also might see a marriage between synthesis

processes and gemstone treatment in the form of
regrowth and repair of broken natural gemstones.
Possible precursors are flux-induced fingerprints in
flame-fusion synthetics and experimental
hydrothermal synthetic beryl overgrowths on natu-
ral beryl seeds.

It is important to remember, however, that we
should not focus solely on the products and tech-
nologies themselves as we prepare for the chal-
lenges of the coming years. When you consider that
nearly century-old synthetics and simulants contin-
ue to challenge many in the trade, we must also
question our preparedness. In this electronic age,
while we have advanced our methods of conducting
business and have refined our sales techniques to a
science, some gem and jewelry professionals still
have difficulty identifying even the most rudimen-
tary flame-fusion synthetics, or doubly refractive
synthetic moissanite. A sound working knowledge
of the identifying characteristics for all synthetics,
past and present, is vital. Jewelers and gemologists
with these skills will be most ready to tackle future
developments in synthetic gem materials.
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