


EDITORIAL
79 Support Your Local Researcher

Alice S. Keller

FEATURE ARTICLE
80 Separating Natural and Synthetic Rubies on the 

Basis of Trace-Element Chemistry
Sam Muhlmeister, Emmanuel Fritsch, James E. Shigley, 

Bertrand Devouard, and Brendan M. Laurs

NOTES AND NEW TECHNIQUES
102 Raman Investigations on Two Historical Objects 

from Basel Cathedral: The Reliquary Cross 
and Dorothy Monstrance

Henry A. Hänni, Benno Schubiger, Lore Kiefert, 
and Sabine Häberli

114 Topaz, Aquamarine, and Other Beryls from 
Klein Spitzkoppe, Namibia

Bruce Cairncross, Ian C. Campbell, and 
Jan Marten Huizenga

REGULAR FEATURES
127 Gem Trade Lab Notes
134 Gem News
147 Thank You, Donors
148 Book Reviews
150 Gemological Abstracts

ABOUT THE COVER: One of the greatest challenges for the contemporary gemolo-
gist is the separation of natural and synthetic rubies, especially when there are no
characteristic internal features. A further consideration in many markets is identi-
fying the deposit or country of origin of the ruby. The lead article in this issue
reports the results of a comprehensive study on the trace-element chemistry (as
determined by EDXRF analysis) of synthetic rubies from various manufacturers
and natural rubies from several different deposits. 

The natural ruby crystal shown here on a calcite marble matrix is from Jegdalek,
Afghanistan, and measures 17 x 10 x 9 mm. The accompanying 1.29 ct faceted ruby
is from Mogok, Myanmar. Both are courtesy of the collection of Michael M. Scott.
Photo © Harold & Erica Van Pelt––Photographers, Los Angeles, California.

Color separations for Gems & Gemology are by Pacific Color, Carlsbad, California.
Printing is by Fry Communications, Inc., Mechanicsburg, Pennsylvania.
© 1998 Gemological Institute of America All rights reserved. ISSN 0016-626X

T A B L E  O F  C O N T E N T S

pg. 97

pg. 145

pg. 109

pg. 115

VOLUME 34  NO. 2 SUMMER 1998



L
ast February, many leading gemologists attended
the very successful First World Emerald Congress
in Bogotá, Colombia. Of particular concern to the

participants was the topic of emerald treatments—that
is, the use of different fillers to improve the apparent
clarity of the stone. All were aware of the negative pub-
licity that emerald filling has received in recent months,
and of the fact that some fillers are less effective or less
durable than others. At the Congress, representatives
from many of the major gemological
laboratories sat together on a single
panel to discuss this problem. A con-
stant refrain from the audience, which
included dealers as well as retailers,
was: When were the GIA Gem Trade
Laboratory, the Gübelin Gemmological
Laboratory, SSEF, AGTA, and even
Gems & Gemology, among others,
going to resolve the treatment issue?

We, however, cannot address such
problems without help from you in the
trade. A meaningful gemological study—whether done in
the U.S., Europe, Asia, or South America—often requires
large numbers of samples, hundreds of hours of testing,
and the participation of several experts to analyze the
results. For example, the trace-element-chemistry project
reported by Sam Muhlmeister and colleagues in this
issue used 283 natural and synthetic rubies, from 14
localities and 12 synthetics manufacturers. As Dr. Mary
Johnson reported at the Emerald Congress, the emerald
treatment study that GIA is currently spearheading
required almost 300 emerald samples, all natural, from a
number of known localities. Several fillers are being 
tested by various means to determine both their effective-
ness and their durability under normal conditions of wear
and care.

Often the greatest delay in conducting such a study is in
acquiring the samples. Unlike universities or govern-

ment research institutions, the research conducted by
most gemological laboratories is not supported by out-
side funding. You are the experts on buying and selling
gems, so most of you know what it costs to purchase 300
one-half to one carat emeralds or rubies. In addition, even
though for many projects the samples do not have to be
large or expensive, it is critical that they be representa-
tive of the particular locality, manufacturing process, or
treatment under investigation—information that often

can be provided only by members of
the trade. As a result, researchers may
have to work for years to obtain the
stones for a single research project. For
the ruby study, some samples were
donated, many were loaned, and oth-
ers were purchased. Our hats are off to
all of the people who participated
(more than 30 individuals and compa-
nies for that study alone). Still, some
dealers leave request letters unan-
swered or make promises they cannot
keep, consuming precious time. Then,

when the pressure is on from consumers and the
media, these same dealers want to know what’s taking
so long.

As the gem and jewelry industry is faced with ever-more-
pressing issues regarding the disclosure of treatments and
synthetics, comprehensive research will become even
more important. Knowledge gained from the scientific
study of gem materials and their treatments is necessary
to maintain confidence in the industry by our colleagues
and consumers alike. The use of broad, representative
sets of samples, accompanied by reliable information
about the sources (or treatments) of the stones, is critical
to many of these research projects.

So, please, think about it. And the next time you’re
asked, send some stones, provide information, share your
experience and . . . support your local researcher.
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orrect gem identification is crucial to the gem and
jewelry trade. However, accurate information on a
gem’s origin rarely accompanies a stone from the

mine, or follows a synthetic through the trade after it leaves
its place of manufacture. Today, natural and synthetic
rubies from a variety of sources are seen routinely (figure 1).
Usually, careful visual observation and measurement of
gemological properties are sufficient to make important dis-
tinctions (Schmetzer, 1986a; Hughes, 1997). In some cases,
however, traditional gemological methods are not adequate;
this is particularly true of rubies that are free of internal
characteristics or that contain inclusions and growth fea-
tures that are ambiguous as to their origin (Hänni, 1993;
Smith and Bosshart, 1993; Smith, 1996). The consequences
of a misidentification can be in the tens of thousands, and
even hundreds of thousands, of dollars.

Ruby is a gem variety of corundum (Al2O3) that is col-
ored red by trivalent chromium (Cr3+). Besides Cr, most
rubies contain other elements in trace amounts that were
incorporated during their growth, whether in nature or in
the laboratory. For the purpose of this article, we consider
trace elements to be those elements other than aluminum,
oxygen, and chromium. These trace elements (such as vana-
dium [V] and iron [Fe]) substitute for Al3+ in the corundum
crystal structure, or they may be present as various mineral
inclusions (such as zirconium [Zr] in zircon) or as con-
stituents in fractures. The particular assemblage of trace ele-
ments (i.e., which ones are present and their concentrations)
provides a distinctive chemical signature for many gem
materials. Since the trade places little emphasis on estab-
lishing the manufacturer of synthetic products, this article
will focus on how trace-element chemistry, as determined
by EDXRF, can be used for the basic identification of natural
versus synthetic rubies. It will also explore how EDXRF can

SEPARATING NATURAL AND SYNTHETIC
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Natural and synthetic gem rubies can be
separated on the basis of their trace-element
chemistry as determined by energy-disper-
sive X-ray fluorescence (EDXRF) spectrome-
try. This method is especially important for
rubies that do not have diagnostic inclu-
sions or growth features, since such stones
are difficult to identify using traditional
gem testing methods. The results of this
study indicate that the presence of nickel,
molybdenum, lanthanum, tungsten, plat-
inum, lead, or bismuth proves synthetic ori-
gin, but these elements were not detectable
in most of the synthetic rubies tested.
Alternatively, the concentrations of titani-
um, vanadium, iron, and gallium––consid-
ered together, as a trace-element “signa-
ture”––provide a means for separating near-
ly all synthetic from natural rubies. EDXRF
can also help identify the geologic environ-
ment in which a ruby formed, and thus
imply a geographic origin.

C
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help determine the geologic origin of a natural ruby,
which is useful for identifying the country of origin.

BACKGROUND
Previous research has indicated the potential of
trace-element chemistry for separating natural from
synthetic rubies (Hänni and Stern, 1982; Stern and
Hänni, 1982; Kuhlmann, 1983; Schrader and Henn,
1986; Tang et al., 1989; Muhlmeister and Devouard,
1991; Yu and Mok, 1993; Acharya et al., 1997), and
also for differentiating rubies from different locali-
ties (Harder, 1969; Kuhlmann, 1983; Tang et al.,
1988, 1989; Delé-Dubois et al., 1993; Osipowicz et
al., 1995; Sanchez et al., 1997). The two most com-
mon analytical techniques for determining ruby
chemistry are electron microprobe and EDXRF.
Other methods include wavelength dispersive X-ray
fluorescence spectrometry, neutron activation anal-
ysis, proton-induced X-ray emission (PIXE) analysis,
and optical emission spectroscopy. Most of these
methods involve instrumentation that is not readily

available to gemological laboratories, or use tech-
niques that may damage the sample. EDXRF, how-
ever, is nondestructive and has become standard
equipment in many gemological laboratories.

Qualitative EDXRF analyses have shown that
synthetic rubies contain relatively few trace ele-
ments, and that the presence of molybdenum (Mo)
indicates a flux origin; natural rubies, on the other
hand, show a greater number of trace elements, and
Myanmar rubies show relatively low Fe and high V
(Muhlmeister and Devouard, 1991; Yu and Mok,
1993). Analyses by electron microprobe (Delé-
Dubois et al., 1993) and PIXE (Tang et al., 1988,
1989; Sun, 1992; Osipowicz et al., 1995) have
revealed the same trends for Myanmar rubies, and
have indicated that Thai stones show high Fe and
low V; these studies have also shown significant
variations in trace elements in rubies from the same
deposit. PIXE analyses of rubies from several
deposits have detected numerous trace elements,
including silicon (Si), sulfur (S), chlorine, potassium

Figure 1. These six natu-
ral and synthetic rubies

are typical of material
that might be submitted
to a gemological labora-

tory for identification.
From top to bottom and

left to right: 1.29 ct
Kashan flux-grown syn-

thetic ruby, 1.10 ct natu-
ral ruby, 0.93 ct Czoch-
ralski-pulled synthetic
ruby, 0.95 ct Ramaura
synthetic ruby, 1.05 ct

natural ruby from Tanzania,
and 0.57 ct  Swarovski
flame-fusion synthetic

ruby with flux-induced
fingerprints. The 1.10 ct
natural ruby was report-

ed to have come from
Mogok, but trace-element
chemistry indicated that

the stone was from a
basalt-hosted deposit (such
as Thailand); microscopy
also indicated a basaltic
origin. Photo © GIA and

Tino Hammid.
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(K), calcium (Ca), titanium (Ti), V, Cr, manganese
(Mn), Fe, and gallium (Ga); in contrast, with the
exception of Cr, synthetic stones from Chatham,
Inamori, and Seiko showed no significant trace ele-
ments, Kashan synthetic rubies showed some Ti,
and Knischka and Ramaura synthetics contained Fe
(Tang et al., 1989). Using optical emission spec-
troscopy, Kuhlmann (1983) reported the following
trace elements (besides Cr) at levels >0.001 wt.% in
these synthetics: Chatham and Verneuil—Fe, Si,
Mo, beryllium (Be); Knischka—Fe, Si, Be, copper
(Cu); Kashan—Si, Ti, Fe, Cu, Mn, Be. In natural
rubies, the following (besides Cr) were detected at
levels >0.001 wt.%: Mogok, Myanmar—V, Fe,
Ti, Si, tin (Sn), Mn, Be; Jegdalek, Afghanistan—
Si, Fe, Be; Umba Valley, Tanzania—Fe, Si, Ti, Cr,
V, Mn; Morogoro, Tanzania—Ti, Si, Cr, Fe, V;
Tsavo Park, Kenya—Cr, Fe, Si, Ti, V; Rajasthan,
India—Fe, Si, Ti, Sn, Cu, V, Mn, Be.

In recent years, a number of new synthetic ruby
products have entered the market, including those
grown by the flux method (Smith and Bosshart,
1993; Henn and Bank, 1993; Henn, 1994; Hänni et
al., 1994); by the hydrothermal method (Peretti and
Smith, 1993); and by the Czochralski technique
with natural ruby as the feed material, marketed as
“recrystallized” (Kammerling et al., 1995b,c;
Nassau, 1995). Other synthetic materials that have
caused identification problems for the contempo-
rary gemologist include flame-fusion synthetic
rubies with flux-induced “fingerprints” (Koivula,

1983; Schmetzer and Schupp, 1994; Kammerling et
al., 1995a) and Czochralski-pulled synthetic rubies that
are inclusion-free (Kammerling and Koivula, 1994).

Natural rubies can also present identification
problems. Heat treatment can significantly alter the
appearance of the inclusions in natural ruby
(Gübelin and Koivula, 1986; Themelis, 1992;
Hughes, 1997). Fluid inclusions commonly rupture
when heated, creating fractures that can be subse-
quently filled by the fluid or partially repaired on
cooling (Gübelin and Koivula, 1986). These sec-
ondary fingerprints—common in heat-treated rubies
from Mong Hsu, Myanmar, for example—are simi-
lar to the white, high-relief fingerprint-like inclu-
sions commonly seen in flux synthetics (Laughter,
1993; Smith and Surdez, 1994; Peretti et al., 1995).

In addition, the locality of a natural ruby can
have a significant impact on its market value (figure
2). Although the importance of “country of origin”
in helping establish a natural ruby’s value is a topic
of ongoing debate (Liddicoat, 1990; Hughes, 1990a),
it is nonetheless a significant consideration in some
trading circles, especially for larger stones.

GEOLOGIC ORIGINS OF 
GEM-QUALITY RUBIES
Rubies are mined from both primary deposits (the
host rock where the ruby formed) and secondary
deposits (i.e., alluvial—stream transported, or elu-
vial—weathered in place) [Simonet, 1997]. Because
of its durability and relatively high specific gravity,
ruby is readily concentrated into secondary
deposits; the processes of weathering and alluvial
transport tend to destroy all but the best material,
so these deposits can be quite valuable. In general,
primary deposits are economically important only if
the ruby is concentrated in distinct mineable areas,
such as layers within marble.

The conditions under which ruby forms are
important to gemologists, because the chemical
composition, inclusions, and growth features visible
in fashioned stones are influenced by the composi-
tion, pressure, and temperature of the ruby-forming
environment (see, e.g., Peretti et al., 1996). The
trace elements in a ruby are incorporated into the
crystal structure, or are present as mineral inclu-
sions (table 1) or as constituents in fractures.
Therefore, the geologic environment influences the
assemblage of trace elements present. Corundum
(Al2O3) crystallizes only in silica-deficient environ-
ments because, in the presence of Si, the Al is used
to form more common minerals such as kyanite,

Figure 2. The discovery of new gem localities
presents constant challenges for the gemologist.
These two rubies (2.59 ct total weight) are from
Mong Hsu, Myanmar, which first became known
only in the early 1990s. Photo © Tino Hammid.
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feldspars, and micas. The scarcity of gem corun-
dum—especially ruby—results from this require-
ment for Si-depleted conditions in the presence of
the appropriate chromophore(s) (i.e., Cr for ruby and

Fe and Ti for blue sapphire), under the appropriate
temperature and pressure conditions. The mecha-
nisms by which gem corundum forms are still
debated by geologists (see, e.g., Levinson and Cook,

Deposit type Geology Typical associated Typical mineral Localitiesa
minerals inclusions

Basalt-hosted Xenocrysts in Sapphire, clino- Pyrrhotite (com- Australia—Barrington (Sutherland, 1996a,b; Suth-
alkali basalt (al- pyroxene, zircon, monly altered to erland and Coenraads, 1996; Webb, 1997; 
luvial and eluvial Fe-rich spinel, gar- goethite), apatite; Sutherland et al., 1998)
deposits) net; sometimes sometimes spinel, Cambodia—Pailin (Jobbins and Berrangé, 1981;

sapphirine almandine garnet Sutherland et al., 1998)
Thailand—Chanthaburi, at Bo Rai–Bo Waen 

(Charaljavanaphet, 1951; Gübelin, 1971; Keller, 
1982; Vichit, 1987; Coenraads et al., 1995) 

Vietnam—southern, at Dak Nong (Kane et al., 1991;
Poirot, 1997)

Marble-hosted Calcite or dolo- Calcite, dolomite, Calcite, dolomite, Afghanistan—Jegdalek (Hughes, 1994; Bowersox
mite marble, com- spinel, pargasite, rutile, apatite, py- and Chamberlin, 1995)
monly interlayered phlogopite, rutile, rite, phlogopite, China—Aliao Mountains, Yunnan Province (Keller
with schists and Cr-muscovite, boehmite; some- and Fuquan, 1986; ICA Gembureau, 1991)
gneisses; may or chlorite, tremolite, times spinel, zir- India—southern (Viswanatha, 1982)
may not be cut tourmaline, apatite, con, margarite, Myanmar—Mogok (Iyer, 1953; Keller, 1983; Gübelin
by granite intru- sphene, anorthite, graphite, pyrrho- and Koivula, 1986; Kammerling et al., 1994)
sions (primary margarite, pyrrhot- tite Myanmar—Mong Hsu (Peretti and Mouawad, 1994;
and alluvial de- ite, pyrite, ilmenite, Smith and Surdez, 1994; Peretti et al., 1995) 
posits) graphite, fluorite Nepal—Taplejung district (Harding and Scarratt,

1986; Smith et al., 1997)
Pakistan—Hunza (Bank and Okrusch, 1976; Ok-

rusch et al., 1976; Gübelin, 1982; Hunstiger,
1990b)

Pakistan—Kashmir (“Kashmir Yields Ruby, Tour-
maline,” 1992; Kane, 1997)

Russia—Ural Mountains (Kissin, 1994)
Tanzania—Morogoro (Hänni and Schmetzer, 1991)
Tajikistan—eastern Pamir Mtns. (Henn et al., 

1990b; Smith, 1998)
Vietnam—northern, at Luc Yen (Henn and Bank, 

1990; Henn, 1991; Kane et al., 1991; Delé-Dubois
et al., 1993; Poirot, 1997)

Metasomatic Desilicated peg- Plagioclase, ver- Rutile, boehmite; India—southern (Viswanatha, 1982; Menon et al.,
matite cutting miculite, phlogo- sometimes apatite, 1994)
ultramafic rock pite, muscovite, zircon, spinel, ver- Kenya—Mangari (Pohl et al., 1977; Pohl and Hor-
or marble (pri- tourmaline (highly miculite, musco- kel, 1980; Bridges, 1982; Hunstiger, 1990b; 
mary, eluvial, variable) vite, pyrrhotite, Levitski and Sims, 1997)
and alluvial de- graphite (highly Tanzania—Umba (Solesbury, 1967; Zwaan, 1974;
posits) variable) Hänni, 1987)

Vietnam—central, at Quy Chau (Kane et al., 1991;
Poirot, 1997)

Metasomatic Desilicated alu- Plagioclase, amphi- Rutile, plagioclase, India—southern (Viswanatha, 1982; Hunstiger,1990a)
minous schist/ bole, epidote, tour- apatite, zircon, Kenya—Mangari (Pohl et al., 1977; Pohl and Hor-
gneiss adjacent maline, micas, silli- graphite, sillimanite, kel, 1980; Hunstiger, 1990b; Key and Ochieng,
to ultramafic rock manite, kyanite amphibole, ilmen- 1991; Levitski and Sims, 1997)
(primary, eluvial, (highly variable) ite (highly variable) Malawi—Chimwadzulu Hill (Rutland, 1969; Henn
and alluvial de- et al., 1990a)
posits) Sri Lanka—Ratnapura, Elahera (Dahanayake and

Ranasinghe, 1981, 1985; Munasinghe and Dis-
sanayake, 1981; Dahanayake, 1985; Rupas- 
hinge and Dissanayake, 1985; Gunawardene
and Rupasinghe, 1986)

aAlthough there are known deposit types in the countries listed, there may also be deposits (e.g., alluvial) that have not yet been
characterized. Consequently, we do not know the specific geologic environment for all of the rubies obtained for this study.

TABLE 1. Geology and mineralogy of gem-quality ruby deposits.
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1994). With the exception of a few occurrences,
gem-quality ruby has been found in three types of
primary deposits (again, see  table 1): basalt-hosted,
marble-hosted, and metasomatic. (The latter two
form by different metamorphic processes, as
explained below.)

Basalt-Hosted Deposits. Some of the world’s largest
ruby deposits, past and present, are secondary deposits
associated with alkali basalts (e.g., Cambodia and
Thailand). However, the formation conditions of
this type of corundum are the least understood. The
occurrence of corundum in basalt is similar to that
of diamond in kimberlite: The ruby and sapphire
crystals (xenocrysts) are transported in molten rock
from lower levels of the earth’s crust (or upper man-
tle) to the surface. During transport from depths of
15–40 km (Levinson and Cook, 1994), the corun-
dum is partially resorbed, as shown by the rounded
edges and surface etch patterns typically seen on
basalt-hosted corundum (Coenraads, 1992).

From evidence revealed by trace elements, min-
eral inclusions, fluid inclusions, and associated
mineral assemblages observed in rare corundum-
bearing assemblages (as xenoliths), geologists have
suggested that both metamorphic- and igneous-
formed rubies may be present in a given basalt-host-
ed deposit (see, e.g., Sutherland and Coenraads,
1996; Sutherland et al., 1998). The metamorphic
rubies in such deposits may be derived from region-
al metamorphism of aluminous rocks (such as
shales, laterites, and bauxites) that were subducted
to great depths (Levinson and Cook, 1994). Two
models have been proposed for the igneous origin of
gem corundum: (1) from magma mixing at mid-
crustal levels (Guo et al., 1996a,b), or (2) from the
pegmatite-like crystallization of silica-poor magma
in the deep crust or upper mantle (Coenraads et al.,
1995). Regardless of the specific origin, the mineral
inclusions and associated minerals suggest that the
corundum formed in an environment containing Fe,
S, and geochemically incompatible elements
(Coenraads, 1992). This geochemical (or trace-ele-
ment) “signature” is consistent with the relatively
enriched Fe content that is characteristically shown
by basalt-hosted rubies (see Results section, below).

Marble-Hosted Deposits. Some of the world’s finest
rubies form in marble-hosted deposits, such as
those in Myanmar. These deposits are commonly
thought to have formed as a result of the regional
metamorphism of limestone by heat and pressure
(see, e.g., Okrusch et al., 1976). At some localities,
the close association of granitic intrusions with the
ruby-bearing marble has led some researchers to
consider them “metasomatic” (e.g., Mogok; Iyer,
1953); that is, chemical interaction between the
marble and fluids associated with the intrusions
caused ruby mineralization. Therefore, marble-host-
ed ruby deposits may form from regional metamor-
phism or contact metasomatism, or from a combi-
nation of the two (Konovalenko, 1990).

Depending on the composition of the original
limestone, ruby-bearing marbles may be composed
of calcite (CaCO3) and/or dolomite [CaMg(CO3)2].
Ruby and associated minerals, such as spinel and
micas (again, see table 1), form in layers that are
irregularly distributed within the marble (figure 3).
These ruby-bearing assemblages are thought to rep-
resent impure horizons within the original lime-
stone, where Al-rich clays or sediments (such as
bauxite) were deposited (see, e.g., Platen, 1988;
Okrusch et al., 1976). The composition of the asso-

Figure 3. This specimen (4.6 cm high) from
Jegdalek, Afghanistan, shows a ruby embedded
in calcite marble, along with traces of associat-
ed minerals. Courtesy of H. Obodda; photo ©
Jeffrey Scovil.
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ciated minerals (table 1) indicates that these impure
layers contain traces of Si, S, K, Ti, V, Cr, and, in
general, are low in Fe. Rubies from certain marble-
type deposits (such as Mogok) are prized for their
“pure” red color (i.e., absence of brown modifying
hues), which is supposedly due to their lack of iron;
this is consistent with the low iron content of their
marble host rocks.

Metasomatic Deposits. Metasomatism is a meta-
morphic process whereby chemical components are
exchanged in the presence of fluids. One important
mechanism is “desilication,” in which Si is mobi-
lized (i.e., removed from the rock), leaving Al
behind to form corundum. Metasomatic deposits of
gem ruby can be divided into two groups: (1) desili-
cated pegmatites intruding silica-poor rocks such as
serpentinite (as, e.g., at Umba, Tanzania: Solesbury,
1967) or marble (as at Quy Chau, Vietnam; Poirot,
1997); and (2) desilicated schists and gneisses that
have been altered by metasomatic fluids in the pres-
ence of ultramafic (low Si; high Mg, Fe) rock (e.g.,
Malawi: Rutland, 1969; again, see table 1). As stated
above, the ruby deposits at Mogok may also be
metasomatic; if so, they would constitute a third
type of metasomatic deposit—marble that has been
altered by pegmatite-derived fluids.

The trace-element chemistry of rubies formed in
metasomatic deposits is variable because of the dif-
ferent rock types and the particular local geochemi-
cal conditions under which these rubies formed
(see, e.g., Kuhlmann, 1983). For example, rubies
from different metasomatic deposits at Mangari,
Kenya, show different characteristics: At the John
Saul mine, “pure” red ruby coloration is common;
at the Penny Lane deposit, the ruby is “darker”
(Bridges, 1982; Levitski and Sims, 1997). These color
variations most likely result from the variable com-
position of the host rocks; that is, at John Saul, the
host rocks contain lower concentrations of Fe than
at Penny Lane. Other metasomatic-type ruby locali-
ties with variable host rocks are in India (see, e.g.,
Viswanatha, 1982) and Sri Lanka (see, e.g.,
Dahanayake and Ranasinghe, 1985; Rupasinghe and
Dissanayake, 1985).

MANUFACTURE OF SYNTHETIC RUBY
Synthetic rubies were introduced to the gem market
in 1885. Originally sold as natural rubies from a fic-
titious mine near Geneva, and hence named
“Geneva ruby,” they were later proved to be syn-
thetic (Nassau and Crowningshield, 1969; Nassau,

1980, 1995). The producer of these early synthetic
rubies was never disclosed. The first scientific paper
describing ruby synthesis using the flame-fusion
process was published by Auguste Verneuil in 1904,
two years after his first success. The flame-fusion
process used today to grow rubies is largely
unchanged from the one Verneuil introduced at the
turn of the century (Nassau and Crowningshield,
1969; Nassau, 1980; Hughes, 1990b). Although
flame-fusion material is still the most common syn-
thetic corundum used in jewelry, other techniques
are commercially available (figure 4; table 2).

Ruby manufacturing methods can be divided
into two general categories: melt and solution.
Melt-grown synthetic rubies—including flame-
fusion, Czochralski, and floating zone—are pro-
duced by melting and crystallizing aluminum oxide
powder to which traces of Cr and (possibly) various
trace elements have been added. With the
Czochralski and floating-zone methods, crystalliza-
tion typically takes place in an iridium crucible;
with flame-fusion, crystallization occurs on a rotat-
ing boule, without a container. The chemistry of
melt-grown synthetic rubies is usually relatively
“pure”—that is, they contain detectable amounts of
relatively few elements—in comparison to other
synthetic rubies, because the melt generally con-
tains few additives.

Figure 4. Synthetic rubies were first manufac-
tured more than 100 years ago. Today, several
types are available in the gem marketplace.
Here, a Chatham flux-grown synthetic ruby is
set in 14k gold. Ring courtesy of Chatham
Created Gems, photo © Tino Hammid.
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Solution-grown synthetic rubies are crystallized
from a solution in which aluminum and trace ele-
ments are dissolved. There are two types of growth
solutions: flux and hydrothermal. A variety of
chemical fluxes are used (again, see table 2), and the
solutions are contained within a metal crucible,
usually platinum. Hydrothermal synthetic rubies
are grown from a water-rich solution enclosed in a
pressurized autoclave. These synthetic rubies may
contain trace elements originating from the flux or
the hydrothermal solution, and possibly from the
crucible or autoclave.

MATERIALS AND METHODS
Materials. For this study, we examined 121 natural
and 162 synthetic rubies, most of which were
faceted. These samples were chosen to represent the
known commercially available sources of gem-qual-
ity material. The stones ranged from 0.14 to 52.06
ct, with most samples between 0.50 and 3.00 ct.
The majority were transparent, but some were

translucent; many had eye-visible inclusions. The
samples were provided by individuals who had reli-
able information on the country of origin, although
in some cases the specific deposit was not known.
Note that some corundums with Lechleitner syn-
thetic ruby overgrowth were included in this study,
although they are not true synthetic rubies
(Schmetzer, 1986b; Schmetzer and Bank, 1987). Red
diffusion-treated corundum and “recrystallized”
synthetic ruby were also analyzed.

At least seven representative samples were
obtained for most localities and manufacturers,
although the actual number varied from one to 31
for each type. Due to the limited number of samples
from some deposits or manufacturers, and the possi-
ble future compositional variations of these rubies,
the results of this study should only be considered
an indication of the chemistry from these sources.
Also, the trace-element data in this study are valid
only for rubies, and do not necessarily apply to
corundum of other colors (including pink). The fol-

Manufacturing method/ Growth material References
manufacturera

Melt Feed
Czochralski-pulled Alumina and Cr2O3 Rubin and Van Uitert, 1966; Nassau, 1980
Flame-fusion Alumina and Cr2O3 Verneuil, 1904; Nassau, 1980; Yaverbaum, 1980
Floating zone Alumina and Cr2O3 Nassau, 1980; Sloan and McGhie, 1988
Induced fingerprint (Flame-fusion synthetic rubies with Koivula, 1983; Schmetzer and Schupp, 1994; Kammerling et al., 

induced “fingerprints” by any of 1995a
various fluxes)

Solution––Flux Fluxes
Chatham Li2O-MoO3-PbF2 and/or PbO Schmetzer, 1986b
Douros PbF2 or PbO4 Smith and Bosshart, 1993; Hänni et al., 1994
Kashan Na3AlF6 Henn and Schrader, 1985; Schmetzer, 1986b; Weldon, 1994
Knischka Li2O-WO3-PbF2, PbO, Knischka and Gübelin, 1980; Schmetzer, 1986b, 1987; Galia,

Na2W2O7, and Ta2O5 1987; Brown and Kelly, 1989 
Lechleitner Flux overgrowth (using Li2O-MoO3- Schmetzer, 1986b; Schmetzer and Bank, 1987

PbF2 and/or PbO flux) on natural
corundum

Ramaura Bi2O3-PbF2, also rare-earth Kane, 1983; Schmetzer, 1986b
dopantb added to flux as well as 
La2O3

c

Solution––Hydrothermal Solution
Tairus (Russia) Alumina or aluminum hydrates Nassau, 1980; Yaverbaum, 1980; Peretti and Smith, 1993;

partially dissolved in an aqueous Peretti et al., 1997; Qi and Lin, 1998
medium with Cr compounds such
as Na2Cr2O7

aThe following containers are typically used during manufacture: Melt––iridium crucible (except no container is used for flame-fusion), Flux––
platinum crucible, Hydrothermal––metal autoclave containing Fe, Ni, and Cu, possibly lined with silver, gold, or platinum.
bProduces a yellow fluorescence, which is usually absent in faceted material (Kane, 1983).
cPromotes the growth of facetable crystals.

TABLE 2. Manufacturing methods and possible sources of trace elements in synthetic rubies.



Separating Rubies GEMS & GEMOLOGY Summer 1998 87

lowing were not included in the study samples:
material from localities not known to provide crys-
tals suitable for faceting, synthetic rubies grown for
experimental purposes only, and phenomenal rubies
(e.g., star rubies). Although it is possible to obtain
analyses of larger mounted stones with EDXRF, we
did not include mounted samples.

Methods. We used a TN Spectrace 5000 EDXRF
spectrometer for the chemical analyses. This instru-
ment can detect the elements sodium (atomic num-
ber 11) through uranium (atomic number 92), using
an X-ray tube voltage of up to 50 kV and a current of
0.01 mA to 0.35 mA. Two sets of analytical condi-
tions were used to maximize sensitivity: for sodium
(atomic number 11) through sulfur (atomic number
16)—a voltage of 15 kV, current of 0.15 mA, no fil-
ter, and a count time of 200 seconds; for chlorine
(atomic number 17) through bromine (atomic num-
ber 35)—a voltage of 25 kV, current of 0.25 mA,
0.127 mm aluminum filter, and a count time of 200
seconds. Each sample was run once under the two
separate instrument conditions, in order to generate
one analysis. 

We used the spectra derived from these proce-
dures to obtain “semi-quantitative” data for the ele-
ments Al, Ca, Ti, V, Cr, Mn, Fe, and Ga using the
Fundamental Parameters (FP) method of Criss and
Birks (1968; see also Jenkins, 1980). (Oxygen was
assumed present in stoichiometric proportions, and
Fe is reported as FeO [i.e., +2 oxidation state]). In
addition, the presence of heavier elements (e.g., Zr,
Ni, Cu, Mo, lanthanum [La], tungsten [W], and lead
[Pb]) was noted from the spectra, but these elements
were not analyzed quantitatively. The samples were
analyzed for Si; however, because of peak overlap
with Al, results for Si were unreliable and are not
reported in this study.

The following standards were used for calibra-
tion and to check the instrument’s performance:
colorless Czochralski-pulled synthetic corundum
for Al; tsavorite garnet for Al and Ca; and alman-
dine garnet for Al, Mn, and Fe. The compositions of
the standards were quantitatively determined at the
California Institute of Technology by Paul
Carpenter using an electron microprobe.

We used a 3 mm diameter X-ray beam collima-
tor to limit the beam size to about 20 mm2.
(However, the actual area analyzed varied depend-
ing on the size of the sample; on most, it was less
than 20 mm2.) This area was analyzed to a depth of
approximately 0.1 mm. Whenever possible, we ori-

ented each sample to avoid prominent color zoning
or conspicuous mineral inclusions. We usually ana-
lyzed the table facet; for some samples, we analyzed
the pavilion. We did not include analyses if we sus-
pected that the presence of diffraction peaks caused
erroneous quantitative results.

Both the accuracy and the sensitivity of the anal-
yses are affected by the size of the area analyzed,
because this determines the number of counts
obtained for a given element. Table 3 illustrates the
differences in detection limits for rubies of three dif-
ferent sizes. In general, the detection limits
decreased with increasing sample size. Above
approximately 1 ct, there were only minor improve-
ments in the detection limits.

The concentrations of each element in the sam-
ple are calculated from the counting statistics and
the FP algorithm, and they are expressed as weight
percent oxides. The number of counts determined
for each element had to be normalized to 100% to
compensate for the different sample sizes. Because
the concentrations reported are not directly calcu-
lated from the peak counts, our analyses are consid-
ered semi-quantitative. For comparison purposes,
we had five natural rubies from our study analyzed
by Dr. W. B. Stern of the University of Basel using
his EDXRF. Dr. Stern’s results for these samples
were very similar to our own. Based on multiple
analyses of three of the samples used in this study,
we found the repeatability of the trace-element data
to be generally within 10%–20%.

RESULTS
Qualitative Results. Synthetic Rubies. The follow-
ing elements were detected in all of the synthetic

TABLE 3. Variation in EDXRF detection limits according
to sample size.a

Oxide 0.20 ct 0.65 ct 1.27 ct
(wt.%)

Al2O3 0.15 0.13 0.06
Cr2O3 0.007 0.003 0.002
CaO 0.044 0.013 0.017
TiO2 0.012 0.006 0.005
V2O3 0.009 0.004 0.003
MnO 0.011 0.005 0.003
FeO 0.005 0.002 0.001
Ga2O3 0.006 0.002 0.001

aCalculated after Jenkins, 1980.
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Basalt-hosted Marble-hosted Metasomatic

Oxide Mogok, Mong Hsu, Southern Umba Valley,
(wt.%) Cambodia (1)b Thailand (15) Afghanistan (15) Myanmar (19) Myanmar (11) Nepal (3) Yunnan (2) Kenya (8) Tanzania (4)

Al2O3 99.09 98.91–99.25 96.39–99.66 98.73–99.67 96.83–99.25 99.51–99.60 98.48–99.28 95.13–99.63 97.94–98.23
(99.06) (98.31) (99.27) (98.69) (99.57) (98.88) (98.22) (98.11)

Cr2O3 0.417 0.237–0.732 0.205–0.575 0.255–1.02 0.576–1.19 0.190–0.347 0.608–1.29 0.222–1.70 0.246–0.571
(0.419) (0.350) (0.562) (0.887) (0.260) (0.950) (0.675) (0.372)

CaO 0.018 bdl–0.036 bdl–3.11 bdl–0.065 bdl–0.063 bdl–0.044 0.064–0.072 0.028–0.193 bdl–0.033
(0.023) (0.784) (0.029) (0.030) (0.025) (0.068) (0.068) (0.023)

TiO2 0.021 0.008–0.033 0.009–0.091 0.015–0.047 0.019–0.207 0.059–0.096 0.007–0.024 0.020–0.042 bdl–0.017
(0.020) (0.045) (0.026) (0.078) (0.080) (0.016) (0.033) (0.009)

V2O3 0.004 bdl–0.007 bdl–0.016 0.028–0.171 0.024–0.104 0.014–0.024 0.017–0.022 0.003–0.048 0.002–0.006
(0.004) (0.009) (0.066) (0.048) (0.017) (0.020) (0.018) (0.004)

MnO 0.003 0.003–0.008 bdl–0.005 bdl–0.013 bdl–0.012 bdl 0.005–0.014 bdl–0.009 0.003–0.007
(0.005) (bdl) (0.004) (0.006) (0.010) (0.005) (0.006)

FeO 0.439 0.299–0.722 0.009–0.133 0.006–0.080 bdl–0.022 0.012–0.038 0.012–0.072 0.005–0.040 1.21–1.67
(0.468) (0.070) (0.028) (0.010) (0.029) (0.042) (0.020) (1.46)

Ga2O3 0.006 0.004–0.009 bdl–0.011 bdl–0.026 bdl–0.014 0.009–0.025 0.008–0.008 0.012–0.048 0.008–0.023
(0.005) (0.006) (0.012) (0.009) (0.018) (0.008) (0.033) (0.014)

aValues shown are normalized wt.%. Minimum and maximum values are given, along with the average (in parentheses below each range). 
bdl = below detection limits (varies according to size of sample; see table 3). bNumber of samples in parentheses.

TABLE 4. Summary of natural ruby chemistry.a

ruby growth types (but not all samples) we exam-
ined: Ca, Ti, Cr, Mn, and Fe. Ga and V were also
detected in the products of all specific manufactur-
ers except the one Inamori sample we examined.
The greatest variety of trace elements was detected
in the flux-grown synthetics. In addition to the ele-
ments noted above, the Chatham flux synthetic
rubies had Mo (six out of 21 samples), the Douros
contained Pb (seven out of 15), and the Knischka
samples showed W (five out of 14). La was seen only
in Ramaura flux-grown synthetic rubies (12 out of
31), as previously reported by Schmetzer (1986b); Pt
was also detected in one Ramaura synthetic ruby,
Pb in four, and Bi (bismuth) in three. All of the
flame-fusion synthetic rubies with flux-induced fin-
gerprints revealed traces of Mo or Zr; otherwise, the
melt-grown synthetics contained no trace elements
other than those mentioned above. Traces of Ni
were detected in 15 samples, and Cu in six samples,
of the Tairus hydrothermal synthetic rubies (as pre-
viously reported by Peretti and Smith, 1993; Peretti
et al., 1997; and Qi and Lin, 1998). One Tairus sam-
ple also contained cobalt, which we did not detect
in any of the other synthetic or natural samples.

Natural Rubies. Traces of Ca, Ti, V, Cr, Mn, Fe, and
Ga were noted in rubies from all of the localities we
analyzed. Zr was detected in seven of the eight

rubies analyzed from India, all of which contained
numerous zircon inclusions. Cu was detected in
one sample from Mong Hsu, Myanmar.

Semi-Quantitative Results. In addition to Al, the
following elements were analyzed semi-quantita-
tively: Ca, Ti, V, Cr, Mn, Fe, and Ga. The natural
rubies we examined typically contained a greater
variety and higher quantity of these elements than
the synthetics (tables 4 and 5; figures 5–8), which is
consistent with the results reported by Kuhlmann
(1983) and Tang et al. (1989).

Synthetic Rubies. Compared to many natural
rubies, most of the synthetic samples contained lit-
tle V and Ga (table 5; figures 5 and 6). In general, the
melt-grown synthetic rubies contained the lowest
concentrations of the elements listed above, espe-
cially Fe (figure 7; see also Box A). Two of the 10
flame-fusion samples had relatively high Ti (nearly
0.05 wt.% TiO2; figure 8); one of these also con-
tained relatively high V (nearly 0.02 wt.% V2O3),
and the other contained the highest Cr level mea-
sured on the synthetics in this study (2.41 wt.%
Cr2O3), with the exception of the red diffusion-treat-
ed corundum (see Box B). All the other synthetic
rubies had Cr contents that ranged from about 0.07
to 1.70 wt.% Cr2O3, without any discernable trends.
The floating-zone synthetic rubies were the only
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Unknown deposit type

Morogoro, Tanzania,
India (8) Tanzania (5) Sri Lanka (7) misc. (7) Vietnam (16)

98.80–99.36 98.35–98.69 97.95–99.63 98.69–99.44 97.31–99.49
(99.10) (98.52) (99.14) (99.08) (98.70)

0.192–0.518 1.10–1.51 0.182–1.00 0.448–1.16 0.344–2.38
(0.358) (1.30) (0.327) (0.713) (1.01)

bdl–0.025 0.027–0.046 bdl–0.072 0.017–0.100 0.007–0.153
(bdl) (0.035) (0.024) (0.052) (0.062)

0.013–0.024 0.023–0.038 0.017–0.170 0.021–0.046 0.011–0.268
(0.017) (0.032) (0.083) (0.031) (0.071)

bdl–0.009 0.010–0.012 0.003–0.076 0.003–0.013 0.006–0.103
(0.006) (0.011) (0.027) (0.008) (0.030)

bdl–0.004 0.007–0.014 bdl–0.010 bdl–0.009 0.002–0.027
(0.002) (0.010) (0.003) (0.004) (0.011)

0.184–0.947 0.043–0.137 0.032–0.494 0.003–0.175 0.015–0.482
(0.502) (0.093) (0.178) (0.098) (0.103)

0.004–0.008 0.004–0.010 0.004–0.024 0.008–0.020 0.005–0.034
(0.007) (0.007) (0.011) (0.013) (0.014)

Figure 5. Most synthetic rubies contain little vanadium compared to natural rubies. In general, rubies
from marble-hosted deposits contained the highest V content, although those from Afghanistan
showed atypically low V. (Note that the Czochralski samples in these graphs are all produced by
Union Carbide, as distinct from the Inamori Czochralski-pulled sample that was also analyzed.)

synthetic samples with a relatively high average V
content (0.012 wt.% V2O3).

Variable trace-element contents were measured
in the flux-grown synthetic rubies. The Chatham
samples contained insignificant amounts of most
trace elements, except for 0.024 wt.% Ga2O3 in one
sample. The Douros synthetics contained elevated
Fe (0.055–0.241 wt.% FeO), and the highest concen-
tration of Ga of all the natural and synthetic rubies
tested for this study (0.051–0.079 wt.% Ga2O3). The
Kashan synthetic rubies showed very low Fe, and
they had the most Ti of all the synthetics analyzed
(0.042–0.174 wt.% TiO2). One Knischka sample
also contained elevated Ti (0.159 wt.% TiO2), and
another showed high Ga (0.071 wt.% Ga2O3). The
Knischka synthetic rubies contained about the
same amount of Fe as the Douros samples, with the
exception of one Knischka sample that contained
1.15 wt.% FeO; this anomalous sample contained
the greatest amount of Fe of all the synthetics ana-
lyzed. Ramaura synthetic rubies typically contained
some Ga (up to 0.017 wt.% Ga2O3) and Fe
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Figure 6. Gallium is another key trace element for separating natural from synthetic rubies. While
fewer than one-seventh of the natural stones contained less than 0.005 wt.% Ga2O3, more than three-
quarters of the synthetic samples did. However, Douros synthetic rubies (and one Knischka sample)
were exceptions to this, with more than 0.050 wt.% Ga2O3.

Melt Flux

Induced finger-
Oxide Czochralski: Flame- Floating Czochralski: print flame-
(wt.%) Union Carbide (10)e fusion (10) zone (16) Inamori (1)b fusion (4) Chatham (21) Douros (15) Kashan (15)

Al2O3 98.67–99.34 97.47–99.80 99.08–99.59 99.37 98.25–99.40 98.22–99.53 98.06–99.79 99.32–99.77
(98.86) (99.15) (99.40) (98.84) (98.98) (99.32) (99.57)

Cr2O3 0.634–1.28 0.184–2.41 0.366–0.869 0.595 0.583–1.71 0.444–1.66 0.067–1.50 0.121–0.506
(1.08) (0.788) (0.521) (1.12) (0.956) (0.484) (0.291)

CaO bdl–0.020 bdl–0.056 bdl–0.035 0.022 bdl–0.028 bdl–0.089 bdl–0.022 bdl–0.067
(bdl) (0.034) (0.024) (0.018) (0.040) bdl (0.023)

TiO2 bdl–0.007 bdl–0.044 bdl–0.011 bdl bdl–0.017 bdl–0.027 0.005–0.034 0.042–0.174
(0.002) (0.013) (bdl) (0.009) (0.009) (0.013) (0.096)

V2O3 bdl–0.005 bdl–0.017 bdl–0.018 bdl bdl bdl–0.004 bdl bdl–0.011
bdl (0.003) (0.012) (0.001) (0.005)

MnO 0.004–0.010 bdl–0.014 bdl–0.005 0.007 0.003–0.014 bdl–0.010 bdl–0.009 bdl–0.015
(0.007) (0.005) (0.003) (0.007) (0.006) (0.004) (0.003)

FeO 0.001–0.005 0.002–0.019 bdl–0.038 0.005 0.002–0.008 0.004–0.018 0.055–0.241 0.001–0.016
(0.003) (0.007) (0.006) (0.005) (0.010) (0.085) (0.007)

Ga2O3 bdl–0.002 bdl–0.004 bdl–0.001 bdl bdl–0.001 bdl–0.024 0.051–0.079 bdl–0.002
(0.001) (0.002) bdl bdl (0.002) (0.064) (0.001)

aValues are normalized wt.%. Minimum and maximum values are given, along with the average (in parentheses below each range). 
bdl= below detection limits (varies according to size of sample; see table 3). bNumber of samples in parentheses.

TABLE 5. Summary of synthetic ruby chemistry.a
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(0.014–0.192 wt.% FeO), with those Ramaura syn-
thetic rubies marketed as “Thai tone” richer in Fe
than those marketed as “Burma tone.”

The Tairus hydrothermal synthetic rubies con-
tained relatively high Fe (up to 0.584 wt.% FeO) and
traces of Ti (up to 0.034 wt.% TiO2).

Natural Rubies. In general, there was greater vari-
ability in the trace-element chemistry of the natural
rubies than of the synthetics, but there were also
some distinct trends according to geologic occur-
rence. Basalt-hosted rubies were the most consis-
tent: Samples from Thailand and Cambodia showed
relatively high Fe (0.299–0.722 wt.% FeO) and low
V (up to 0.007 wt.% V2O3). Marble-hosted rubies
showed the opposite trend: low Fe (up to 0.133
wt.% FeO) and high V (typically 0.02–0.09 wt.%
V2O3), with the exception of Afghan rubies, which
showed low V contents (less than 0.02 wt.% V2O3).
The Afghan rubies contained the highest levels of
Ca measured in this study (up to 3.11 wt.% CaO).
Rubies from Myanmar contained the most V mea-
sured in this study (up to 0.171 wt.% V2O3). Some

Figure 7. Iron is also useful for separating natural from synthetic rubies, especially when used in conjunction
with vanadium. Only one of the melt-grown synthetic rubies and approximately half of the flux-grown syn-
thetic rubies displayed an FeO content greater than 0.02 wt.%, while three-quarters of the natural stones
did. Hydrothermal synthetic rubies had the highest overall Fe contents of the synthetics we analyzed.

Flux (cont’d) Hydrothermal

Ramaurac Ramaurad

(FeO < 0.075) (FeO > 0.075)
Knischka (14) Lechleitner (4) (15) (15) Tairus (21)

97.81–99.51 98.34–99.55 98.45–99.77 98.17–99.66 97.95–99.89
(98.97) (99.00) (99.23) (99.01) (98.51)

0.266–1.15 0.413–1.57 0.171–1.45 0.128–1.65 0.084–1.74
(0.690) (0.933) (0.688) (0.822) (1.12)

bdl–0.104 bdl–0.046 bdl–0.061 bdl–0.065 bdl–0.054
(0.034) (0.031) (0.033) (0.039) (0.030)

bdl–0.159 0.011–0.044 bdl–0.012 bdl–0.010 0.007–0.034
(0.023) (0.026) bdl bdl (0.023)

bdl–0.004 bdl bdl–0.004 bdl–0.007 bdl–0.004
bdl bdl bdl bdl

bdl–0.013 0.003–0.015 0.002–0.014 bdl–0.011 BDL–0.015
(0.006) (0.008) (0.006) (0.005) (0.008)

0.012–1.15 0.004–0.008 0.014–0.065 0.079–0.192 0.006–0.584
(0.159) (0.006) (0.037) (0.112) (0.302)

bdl–0.071 bdl–0.001 bdl–0.012 0.002–0.017 bdl–0.003
(0.008) bdl (0.005) (0.008) (0.001)

c Includes all “Burma tone” samples.
dIncludes all “Thai tone” samples.
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In late 1994 and early 1995, the trade was introduced
to “recrystallized” Czochralski-pulled synthetic ruby
by TrueGem of Las Vegas, Nevada, and Argos
Scientific of Temecula, California (Kammerling et al.,
1995b,c). “Reconstructed” rubies of South African ori-
gin have also been reported (Brown, 1996). TrueGem
sells its synthetic ruby product under the trademarked
name “TrueRuby.” In its promotional material,
TrueGem has claimed that its process “enhances the
clarity of ruby and sapphire to perfection, while retain-
ing nature’s elemental formula for the finest colored
stones ever mined.” In this process, natural ruby is
reportedly used as feed material, rather than the alumi-

na used by most corundum manufacturers. The final
step in the growth process is Czochralski pulling.

We analyzed four TrueGem synthetic rubies (see,
e.g., figure A-1, table A-1). These samples showed a
composition that is different from any of the natural
rubies we analyzed: Cr is high, and the absence of V
combined with low Fe precludes natural origin. The
trace-element chemistry of this material is similar to
that of the melt-grown synthetic rubies we examined,
except for the enriched Cr contents. This result contra-
dicts the manufacturer’s claim that this ruby product
retains “nature’s elemental formula.” In agreement
with the arguments of others (e.g., Nassau, 1995), the
GIA Gem Trade Laboratory calls this material synthet-
ic ruby on its reports (T. Moses, pers. comm., 1998).

BOX A: TRACE-ELEMENT CHEMISTRY OF

“RECRYSTALLIZED” OR “RECONSTRUCTED” RUBY

Figure A-1. The trace-element chemistry of
“TrueRuby” most closely resembles that of
melt-grown synthetic ruby. These samples of
TrueGem’s “recrystallized” (synthetic) ruby
weigh 0.45 ct (rounds) and 0.65 ct (oval).
Photo by Maha DeMaggio.

Oxide Specimen number Average

(wt.%) 2852 2854 4325 4326

Al2O3 98.21 98.60 98.26 98.22 98.32
Cr2O3 1.69 1.32 1.71 1.71 1.61
CaO 0.018 0.039 0.017 0.032 0.027
TiO2 bdl 0.011 bdl 0.007 0.005
V2O3 bdl bdl bdl bdl bdl
MnO 0.010 0.016 0.005 0.004 0.009
FeO 0.008 0.014 0.007 0.009 0.010
Ga2O3 0.002 0.003 0.003 0.003 0.003

TABLE A-1. Trace-element chemistry of TrueGem
“recrystallized” rubies.

Mong Hsu samples contained up to 0.207 wt.%
TiO2 (high Ti was also reported by Smith and
Surdez [1994] and Peretti et al. [1995]).

The rubies from metasomatic deposits showed
wide variations in composition. Samples from
Umba in Tanzania had the greatest Fe measured in
this study (1.21–1.67 wt.% FeO), combined with
low V and Ti. Rubies from Kenya, however, showed
low Fe and the most Ga (0.12–0.48 wt.% Ga2O3)
measured in the natural samples.

DISCUSSION
Chemical Variations in Synthetic and Natural
Rubies. Synthetic Rubies. Verneuil’s original flame-
fusion process required that the feed powder used be

free of Fe, since Fe caused the boule to turn brown
(Verneuil, 1904; Nassau, 1980). Today’s melt-grown
products are still essentially Fe-free, and they typi-
cally contain none or very small amounts of other
elements besides Cr. Flux-grown synthetic rubies
revealed the most trace elements, which is consis-
tent with the variety of fluxes used to manufacture
these synthetics (again, see table 2). Li, F, Na, Al,
Mo, Ta (tantalum), W, Pb, or Bi may be present in
the flux in which these rubies were grown or treat-
ed (for synthetic rubies with “induced fingerprints”)
[Schmetzer, 1986a,b, 1987; Schmetzer and Schupp,
1994; Kammerling et al., 1995a]. Lanthanum has
been used experimentally to help grow crystals with
rhombohedral rather than flat, tabular habits
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Figure 8. Natural rubies contain, on average, more titanium than synthetic rubies, but there was significant
overlap in this study. Therefore, Ti alone is not useful for separating most natural from synthetic rubies.
Among the synthetic rubies we analyzed, the Kashan samples had the highest Ti contents, while melt-grown
and some flux-grown synthetics had the lowest.

(Chase, 1966), which significantly increases cutting
yield from the rough. Because their charges and
atomic radii are different from Al3+, some of the ele-
ments detected (e.g., Mo, La, W, Pt, Pb, and Bi) do
not readily enter the corundum structure. It is inter-
esting to note, therefore, that the samples in which
these elements were detected had no flux inclusions
visible with 63´ magnification. In the Tairus
hydrothermal samples, the Fe, Ni, and Cu that we
detected were probably derived from the autoclave
in which they were grown (see, e.g., Peretti and
Smith, 1993).

Natural Rubies. Some of the elements detected in
the natural rubies (i.e., Ca and Zr) do not readily
substitute for Al3+ in the corundum crystal struc-
ture, and were probably present in mineral inclu-
sions. The Afghan rubies, in particular, contained
abundant inclusions, and these samples showed ele-
vated amounts of Ca. Zr was detected in those
Indian samples that contained abundant zircon

inclusions. The other trace elements measured in
the natural samples (Fe, V, Ti, and Ga) can substi-
tute for Al3+, and their abundance reflects the geo-
logic environment of formation (see below).

Distinguishing Natural from Synthetic Ruby.
According to this study, the presence of Mo, La, W,
Pt, Pb or Bi proves that a ruby is synthetic. Ni and
Cu suggest synthetic origin; however, both of these
elements could be present in sulfide inclusions
within natural rubies, and Cu has been detected in
natural rubies (Kuhlmann, 1983; Osipowicz et al.,
1995; Sanchez et al., 1997).

Although no single trace element proves natural
origin, trace-element assemblages can provide the
distinction for nearly all samples. Many of the syn-
thetic rubies contained low amounts of Fe (<0.02
wt.% FeO), whereas most of the natural stones had
more than 0.02 wt.% FeO (again, see figure 7 and
table 4). Tairus hydrothermal synthetic rubies con-
tained elevated Fe, but the common presence of Ni
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In the diffusion-treatment process, faceted pale-
colored to colorless corundum is embedded in a
powder that consists of aluminum oxide and
color-causing trace elements, within an alumina
crucible. Prolonged heating of the crucible to
high temperatures (usually 1600°–1850°C) causes
the chemicals to diffuse into a thin outer layer of
treated color over the entire surface of the stone.
Blue diffusion-treated corundum first appeared in
the late 1970s, although it did not become widely
available until 1989 (Kane et al., 1990). Red diffu-
sion-treated corundum was introduced in the
early 1990s (McClure et al., 1993; figure B-1).

Although diffusion treatment initially caused
a great deal of concern in the jewelry trade, it is
relatively easy to identify with standard gemolog-
ical techniques. When observed in immersion
with diffused transmitted light, diffusion-treated
corundum displays uneven or patchy coloration,
color concentration along facet junctions, and a
high relief when compared to natural or synthetic
stones. Other identifying features include spheri-
cal voids in the diffusion layer, dense concentra-
tions of very small white inclusions just under
the surface, and anomalous refractive index read-
ings—including different readings from different
facets and some R.I. values over the limit of the
refractometer (McClure et al., 1993).

In the event, however, that a deeper diffusion
layer is achieved, perhaps making some of these
identifying features less obvious, we decided to
include red diffusion-treated corundum in this
study to determine the effectiveness of EDXRF
analysis in making this separation. Because the
color of a diffusion-treated stone is present only
in a thin surface layer, this layer has to be signifi-
cantly darker than a similarly colored natural or
synthetic ruby to achieve an equivalent depth of
color. Thus, the layer of diffused color must have
a high Cr concentration. To document this char-
acteristic, we analyzed 23 samples from a num-
ber of sources using EDXRF (table B-1). The anal-
yses revealed high to extremely high Cr contents
(2.72–13.16 wt.% Cr2O3). In fact, the diffusion-
treated sample with the least amount of Cr con-
tained even more of this element than any of the
other samples analyzed for this study; the next-
highest Cr content (2.41 wt.% Cr2O3) was mea-
sured in a flame-fusion synthetic ruby. The
enriched Cr concentrations measured in diffu-
sion-treated corundum probably cause the
anomalously high R.I. readings that are common-
ly measured on this material (see, e.g., McClure
et al., 1993).

BOX B: TRACE-ELEMENT CHEMISTRY OF

RED DIFFUSION-TREATED CORUNDUM

Figure B-1. EDXRF analyses of red diffusion-
treated corundums such as this 2.55 ct stone
showed that this material had a higher Cr
content than any of the other samples exam-
ined for this study.

Oxide (wt.%) Min. Max. Averagea Std. Dev.b

Al2O3 85.85 96.92 92.30 3.06
Cr2O3 2.72 13.16 7.13 2.81
CaO 0.011 0.283 0.087 0.087
TiO2 0.004 0.478 0.215 0.149
V2O3 bdl 0.010 0.002 0.003
MnO bdl 0.035 0.006 0.011
FeO 0.077 0.501 0.188 0.153
Ga2O3 bdl 0.023 0.011 0.005

aAverage of 23 samples.
bBy definition, about two-thirds of the analyses will fall within one stan-
dard deviation of the average.

TABLE B-1. Trace-element chemistry of red 
diffusion treated corundum.
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and Cu, combined with a lack of V and Ga, identi-
fies them as synthetic.

Relatively high concentrations of V were mea-
sured in the natural rubies. Few of the synthetic
rubies we examined contained detectable amounts
of V, which is consistent with the findings of
Kuhlmann (1983) and Tang et al. (1989). However, a
low V content is not proof of synthetic origin, since
several of the natural rubies we analyzed contained
relatively low V (again, see figure 5). Nevertheless,
many synthetics, especially melt products, can be
identified by their relative lack of both Fe and V (fig-
ure 9). In contrast to the synthetics, natural rubies
contained a broad range of Fe and V contents.
Therefore, with the exception of one anomalous
(Knischka) sample, the data for synthetics are clus-
tered below 0.60 wt.% FeO, and 0.02 wt.% V2O3,
toward the corner of the graph in figure 9.

Although most synthetics contained very little
Ga––and in many cases, none––a few samples (i.e.,
Ramaura, Knischka, and Chatham) showed Ga con-
tents similar to those recorded in natural samples

(again, see figure 6). Douros synthetic rubies have a
consistently high Ga content, which is unique
among both synthetic and natural rubies. In our
analyses, a concentration above 0.050 wt.% Ga2O3
with some Fe, little or no Ti, and no V strongly indi-
cates Douros as the source. When Ga is plotted
together with V and Fe in a triangular diagram (fig-
ure 10), further distinctions can be made. The trian-
gular V-Fe-Ga diagram shows a ratio of these three
elements, rather than their actual concentrations.
Many of the synthetics plot near the edges of the
triangle. These samples are distributed fairly evenly
between the V and Fe apexes (i.e., little or no Ga,
variable Fe/V ratio), or extend halfway from Fe to
the Ga apex (i.e., little or no V, variable Fe/Ga ratio
with Fe>Ga). The natural samples, by contrast, are
distributed throughout much of the triangle. Within
the triangle, the considerable overlap in the region
between the Fe and V apexes is due mostly to the
Ga-enriched composition of the Douros synthetic
rubies.

Synthetic rubies generally contain less Ti than

Figure 9. This graph of
FeO content vs. V2O3

content illustrates the
usefulness of these ele-

ments in making the
separation between

natural and synthetic
rubies, even though

there is some overlap
between these popula-
tions. Most of the syn-
thetic samples cluster
near the origin of the
diagram (due to their

lower Fe and V con-
tents), while the natu-

ral samples plot further
from the origin and
also display greater

variations in their con-
tents of Fe or V.



96 Separating Rubies GEMS & GEMOLOGY Summer 1998

do natural rubies (again, see figure 8), although there
is a large overlap between the natural stones and the
flux and hydrothermal synthetics. Therefore, we did
not find Ti alone useful for separating natural from
synthetic rubies. Kashan synthetic rubies have a
high Ti content (>0.042 wt.% TiO2; table 4), but
low V, Fe, and Ga concentrations. This distinctive
chemistry makes it easy to identify most Kashan
rubies by EDXRF.

We did not find Cr to be useful for separating
natural from synthetic rubies. However, red diffu-
sion-treated corundum consistently shows high to
extremely high concentrations of Cr, which is diag-
nostic (see Box B).

Even if abundant chemical evidence is available,
it is important to combine chemical data with stan-
dard gemological observations when making a ruby
identification. For example, one flame-fusion syn-
thetic contained 0.017 wt.% V2O3, as well as a sig-

nificant amount of Ti and some Fe. Attempting to
determine this ruby’s origin based on trace-element
chemistry alone would lead one to erroneously con-
clude that the sample was natural, yet curved striae
were clearly visible with a microscope.

Determining the Geologic Origin of a Natural
Ruby. Using EDXRF trace-element data, we could
often determine the type of geologic deposit in
which a stone originated, but not its specific locali-
ty (table 4). However, optical microscopy, growth
structure analysis, and laser Raman microspec-
troscopy studies have provided useful data on the
internal features that are present in rubies from var-
ious localities (see, e.g., Gübelin, 1974; Gübelin and
Koivula, 1986; Delé-Dubois et al., 1993; Peretti et
al., 1995; Smith, 1996). Combining EDXRF data with
these other techniques can help establish the geo-
graphic origin of a sample. Our purpose here is to
demonstrate how trace-element chemistry can help
determine the geologic environment in which a nat-
ural ruby formed, which is one step toward identify-
ing its geographic source (figure 11).

Basalt-Hosted Rubies. The rubies from Thailand
and Cambodia contained relatively high contents of
Fe and low amounts of V. Although the formation
conditions of basalt-hosted rubies are not well
known, the compositions of associated minerals
and mineral inclusions are consistent with the Fe-
rich compositional trends measured in this study.
In a triangular plot of V-Fe-Ga, the basalt-hosted
rubies form a tight cluster at the Fe apex (i.e., high
Fe, little or no Ga or V; figure 12).

Marble-Hosted Rubies. A low Fe content character-
ized the rubies from Afghanistan, Myanmar, Nepal,
and China (southern Yunnan), and is consistent
with the Fe-deficient geochemistry of the host mar-
bles. With the exception of Afghanistan, the mar-
ble-hosted rubies contained high amounts of V
(table 4, figure 5). Elevated V contents are consistent
with the fact that this element, like Cr, is concen-
trated into clays during weathering and the forma-
tion of residual bauxites (Wedepohl, 1978), which
are thought to account for the aluminous layers in
ruby-bearing marbles (see, e.g., Okrusch et al.,
1976). Most of the marble-hosted rubies plot in a
diagnostic area within figure 12, toward the V apex
(i.e., V>Fe and V>Ga). Afghan rubies are an excep-
tion, however; because they contain relatively low V
compared to Fe, some samples plot near the Fe apex.

Figure 10. This triangular plot shows the ratio of
the contents of V2O3, FeO, and Ga2O3 in natural
and synthetic rubies. Most of the synthetics plot
near the Fe apex or along the V-Fe and Fe-Ga
edges, reflecting the low V and Ga contents.
Natural stones plot throughout the area of the
triangle, which is consistent with their more
complex trace-element chemistry.
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Metasomatic Rubies. As one would expect from the
variable composition of their host rocks, metaso-
matic rubies have widely varying trace-element
chemistries. This was apparent in our samples.
Rubies from Kenya plotted over a wide area of the
V-Fe-Ga diagram (figure 12). Two of the analyses
overlapped with the field of marble-hosted rubies,
while the remainder of the samples plotted in a dis-
tinctive area closer to the Ga apex (i.e., Ga>Fe and
Ga>V). Because of their enriched Fe content, the
Umba rubies plotted within the field for basalt-host-
ed rubies. Overall, the variable composition of
rubies from metasomatic deposits makes separation
by trace elements alone ambiguous. However, if
such data are combined with gemological observa-
tions (e.g., the presence of carbonate inclusions in
marble-hosted rubies), then a more meaningful dis-
tinction between deposit types could be made.

CONCLUSION
Trace-element chemistry as provided by EDXRF
spectrometry is effective for separating natural and
synthetic rubies. It can also help determine the
deposit type of a natural ruby. Because of the chem-
istry of the laboratory growth environment, certain
trace elements are diagnostic of a synthetic product.
Ni, Cu, Mo, La, W, Pt, Pb, and Bi were found only

in synthetic rubies. When present, Mo, La, W, Pt,
Pb, and Bi are diagnostic of flux synthetic rubies,
and Ni and Cu are indicative of (Tairus) hydrother-
mal synthetic rubies. In those cases where these ele-
ments are not detected, the concentrations of Ti, V,
Fe, and Ga provide a means for separating nearly all
natural stones from synthetic rubies. Generally, the
natural stones in our study contained higher concen-
trations of these four elements than the synthetics.

However, it is important that a sample’s entire
trace-element signature be considered when attempt-
ing this separation. For example, the presence of sig-
nificant amounts of V should not be considered
proof of natural origin, since some melt-grown syn-
thetic rubies contained V in amounts similar to
those typically seen in natural stones. Furthermore,
trace-element chemistry should be used in conjunc-
tion with traditional gemological methods, because
a few synthetic rubies had trace-element assem-
blages that suggested a natural origin.

Trace-element chemistry can also help deter-
mine the geologic origin of a sample, although for
these distinctions, too, EDXRF should be used in
conjunction with traditional methods such as
microscopy. Rubies from basalt-hosted deposits typ-
ically contained little V and moderate to high Fe.
The opposite trends were seen in rubies from mar-

Figure 11. In some gem
markets, the geographic ori-
gin is an important consid-

eration toward its value.
EDXRF analysis can help

establish the geologic origin
in many cases. Shown here

(clockwise from the left)
are: a crystal from Mogok,

Myanmar (Hixon ruby,
196.1 ct; specimen courtesy

of the Los Angeles County
Museum of Natural

History, photo © Harold a
& Erica Van Pelt), a 2.98 ct

step cut from Thailand
(photo © Tino Hammid), a

round brilliant from
Myanmar (stone courtesy of

Amba Gem Corp., New
York; photo © Tino

Hammid), and an 8.33 ct
oval brilliant from Sri

Lanka (photo courtesy of
ICA/Bart Curren).
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ble-hosted deposits. Rubies from metasomatic
deposits, however, displayed a wide variety of trace-
element chemistries, so it may be difficult to estab-
lish origin for some of these stones. Combining
trace-element chemistry with traditional gemologi-
cal methods, such as microscopy, will strengthen
the means for determining the geographic origin of
rubies.

Difficulties with separating natural from syn-
thetic rubies using traditional gemological tech-
niques will, in all likelihood, persist in the future, as

producers continue to improve the quality of their
product or possibly change the trace-element con-
tents. As rubies from new localities, new manufac-
turers, or new processes are introduced to the mar-
ket, they will have to be characterized to keep this
database current. It should be recognized that
although trace-element chemistry can correctly sep-
arate nearly all natural and synthetic rubies, it does
not substitute for careful gemological measure-
ments and observations. Rather, chemical analysis
provides a useful supplement to standard gemologi-
cal techniques for ruby identification.
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ures 1 and 2). These objects have been described
previously with regard to their historical and
cultural importance (Burckhardt, 1933; Barth,
1990), but not with regard to the materials them-
selves.

Only rarely does a gemologist get the opportuni-
ty to examine the stones adorning historical reli-
gious items. The investigations of Meixner (1952),
CISGEM (1986), Köseoglu (1987), Querré et al.
(1996), Bouquillon et al. (1995), Querré et al. (1995),
and Scarratt (1998) are notable exceptions. The pru-
dence and concern of museum curators is undoubt-
edly a major reason why so many important histori-
cal and religious pieces of jewelry and other artwork
lack precise descriptions of their materials. Another
explanation is that the fancy names and historical
terminology for gemstones in old inventories are
often simply accepted, without taking into account

RAMAN INVESTIGATIONS ON TWO HISTORICAL
OBJECTS FROM BASEL CATHEDRAL: THE

RELIQUARY CROSS AND DOROTHY MONSTRANCE
By Henry A. Hänni, Benno Schubiger, Lore Kiefert, and Sabine Häberli

In 1996, the SSEF Swiss Gemmological Institute
investigated the adornments on two ecclesiastical
objects from the treasury of Basel Cathedral: the
Reliquary cross and the Dorothy monstrance (fig-

Two ecclesiastical objects of the late Gothic period (1350–1520) were inves-
tigated to identify the gemstones that adorn them. Both are from the trea-
sury of Basel Cathedral (Basler Münster, Basel, Switzerland). To avoid
potential damage, the identifications were conducted using only optical
microscopy and Raman spectroscopy. Most of the mounted materials were
found to be varieties of quartz, either as polished single pieces or as doublets
with evidence of what may once have been dyed cement. Glass of various
colors was also identified, as were peridot, sapphire, garnet, spinel, and
turquoise.

NOTES AND NEW TECHNIQUES
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Figure 2. The Dorothy (also known as Offenburg,
in honor of the donor) monstrance, another piece
from the treasury of Basel Cathedral, is believed
to have been manufactured around 1440 as well.

The “stones” in this religious artifact, which is
constructed from silver with partial gilt, also

include glass and doublets, as well as various
natural gem materials. It is 55 cm high and cur-

rently resides in the Historical Museum of Basel.
Photo by P. Portner, Basel.

Figure 1. The Reliquary cross from the treasury of
Basel Cathedral, Basel, Switzerland, is believed
to have been manufactured around 1440.
Fashioned from silver with rock crystal quartz, it
is adorned with a variety of “stones”—including
glass and quartz doublets, as well as natural gem
materials. The 37 cm high piece is currently in
the collection of the Historical Museum of Basel.
Photo by P. Portner, Basel.
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contemporary nomenclature rules and the fact that
gemstone names today agree (more or less) with
modern mineralogical identifications. However, the
scarcity of both analytical techniques and research
organizations specialized in nondestructive meth-
ods may be the primary reason for so many vague
descriptions of the materials used in such objects.
The Louvre Museum in Paris is one of relatively
few repositories that have a well-equipped analyti-
cal laboratory; at the Louvre, various microprobes
are used to investigate a wide variety of very deli-
cate, rare, historical objects (Querré et al., 1995).

The present article reports on the examination of
two historical religious objects with two nonde-
structive means—microscopy and Raman spec-
troscopy—available at the SSEF. Specifically, this

article describes the identification of cut “stones”
used in Christian ceremonial objects of the 15th
century, during the late Gothic period. The two reli-
gious artifacts—a reliquary cross (i.e., one that con-
tains some aspect, or relic, of a holy person) and a
monstrance (a transparent vessel, surrounded by
metalwork)—were brought to SSEF for gem identi-
fication in 1996. Such unique objects should, of
course, be tested only by techniques that ensure no
risk of damage. Among the available techniques,
visible-range spectroscopy does not provide charac-
teristic data for many (especially colorless) materi-
als. Fourier-transform infrared (FTIR) spectroscopy
might be appropriate, but Raman microspectrome-
try better accommodates large objects (figure 3) and
provides a more rapid analysis (see Box A). We com-

Laser Raman microspectrometry has a unique
combination of properties that make it useful in
tackling gemological problems. These properties
include a high spatial resolution that permits the
study of inclusions as small as one micrometer.
With a high-power objective and spatial light fil-
tering, the system can be focused to a point
inside a sample. This allows the analysis of lay-
ered compounds or inclusions inside gemstones
with minimal contribution from the main bulk
species. In addition, the analysis is rapid, requires
no sample preparation, and, most importantly, is
(with a few known exceptions) damage-free.

The Raman effect is a light-scattering tech-
nique that uses a monochromatic light source
(usually a visible laser). While most of the light
focused on a sample is scattered and contains no
useful information (so-called “Rayleigh,” or elas-
tic, scattering), a small amount, typically one
photon in 106–108, is re-emitted after having lost
some energy. This shifted, or “Stokes,” radiation
appears as lines in a spectrum that is characteris-
tic for the substance under study. Most materials
that the gemologist or mineralogist will
encounter have a distinctive Raman spectrum,
which is dependent on the material’s crystal
structure and atomic bonding. Even subtle
changes within a single material, such as alter-
ations in crystallinity and composition, often can
be detected. However, the operator must be
aware that Raman spectra can change depending

on the orientation of the sample (just as color can
change with pleochroism). Also, inclusions with-
in fluorescent minerals (such as ruby) must be at
or very near the surface, because of interference
caused by fluorescence. The only major subset of
materials that cannot be studied are metals and
alloys.

Using the “extended scanning” facility, the
operator can measure a complete spectrum from
100 up to 9000 cm-1 with a resolution of 2 cm-1.
This allows not only Raman measurements, but
also simultaneous Raman and luminescence
studies, to be performed between 520 and 1000
nm. The spectrum obtained can be identified by
comparison with known spectra, which means
that a large set of reference spectra is an important
condition for the successful use of the method.

A number of references are available for basic
descriptions of the technique (McMillan and
Hofmeister, 1988; McMillan, 1989) and its min-
eralogical (Griffin, 1987; Smith, 1987; Malézieux,
1990; Ostertag, 1996) and gemological applica-
tions (Dhamelincourt and Schubnel, 1977; Delé-
Dubois et al., 1980; Pinet et al., 1992; Schubnel,
1992; Lasnier, 1995; Hänni et al., 1997). Geologic
and gemological applications of the Raman
method were also discussed at the Georaman 96
Congress (as summarized by E. Fritsch in Johnson
and Koivula, 1996) and the 2nd Australian
Conference on Vibrational Spectroscopy (Kiefert
et al., 1996).

BOX A: RAMAN ANALYSIS
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bined Raman analysis with observation through a
microscope to arrive at the results presented below.
We hope that this article will give the gemologist
dealing with antique objects information about a
relatively new nondestructive method of identifica-
tion. We also hope that more historians will take
Raman spectroscopy into account when they are
considering how to describe or catalogue pieces in
their inventory with respect to the gem materials
they contain.

HISTORICAL BACKGROUND
Places of worship in many cultures are character-
ized by magnificent construction and rich decora-
tion as an expression of religious devotion. Such
sacred places frequently are reservoirs for gifts and
votive offerings from believers, some of whom may be
quite wealthy. Such gifts can result in the accumula-
tion of a significant treasury of gold, silver, and gems.

Both of the objects described here are part of the
treasury of Basel Cathedral, in Basel, Switzerland.
The Cathedral treasury is fascinating not only for
the artistic quality and richness of its pieces, but
especially for its long history (as described in
Burckhardt, 1933; Barth, 1990). Through donations
and, in the odd case, purchases during the 500 years
from the early 11th century until the advent of the
Reformation in the early 16th century, hundreds of
examples of the handiwork of goldsmiths and other
artisans were collected in the cathedral of the
Bishopric of Basel. These incense burners, chalices,
crosses, monstrances, and various other religious
artifacts were the centerpieces during mass or other
church ceremonies. The key piece in this collec-
tion, and also the oldest object (made in 1020), is the
Golden altarpiece, which is now at the Cluny
Museum in Paris. It previously belonged to Emperor
Heinrich II of the Holy Roman Empire (973–1024).

Before the Reformation, Basel Cathedral had the
richest church treasury in the region that is today
southern Germany and Switzerland. The treasury
was spared destruction during the Reformation
when the members of the cathedral chapter hid the
items in a cupboard in the vestry of the cathedral in
1528, right before they fled the city. The treasures
remained hidden in the vestry, removed only occa-
sionally for inventory, until 1827.

Subsequent local politics in Basel, however,
finally led to the breakup of this collection. In 1833,
Basel Canton divided into the half cantons of Basel-
Stadt (city) and Basel-Land, and the ancient

Cathedral treasury was likewise divided. The can-
ton of Basel-Land received two-thirds of the trea-
sury, which it sold at auction in its capital city
Liestal in 1836. Whereas the city of Basel retained
its share of the treasury items, the Basel-Land pieces
were dispersed in many directions. Today, those
pieces that have not been destroyed or lost can be
found in museums in Berlin, Paris, London, New
York, St. Petersburg, Vienna, and Zürich, as well as
in Basel in the church of St. Clara. A large number
are now in the Historical Museum of Basel, which
over the last hundred years has purchased approxi-
mately two-thirds of the existing objects from the
treasury, including the portion that remained with
Basel-Stadt and 11 pieces that had been sold by
Basel-Land. The Reliquary cross and the Dorothy (or
Offenburg) monstrance (again, see figures 1 and 2),
on which we conducted our gemological investiga-
tions, came from this collection. The Reliquary
cross purportedly contains relics of St. Catherine
and St. Jacob, whereas the monstrance is believed to
contain a relic of St. Dorothy.

A precise dating of the two objects is not possi-
ble, because little information is available on the
origin or history of the pieces. The first record of
them is in the Cathedral treasury inventory of 1477.
However, on the basis of stylistic features and what

Figure 3. The Reliquary cross is shown here under
the Raman microscope. To record the spectra of
the different stones, the investigators had to care-
fully adjust the rather bulky object and direct the
laser beam to the surface of the specific stone.
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TABLE 1. Physical properties of the gem materials set in the Reliquary Cross.

No. Shape/cut Color Measurements Internal features Identification
(mm)

A. Quatrefoil at left
1 Octagonal, faceted Violet 9.5 × 8.4 Color zoning Amethyst
2 Octagonal, faceted Yellow 11.8 × 9.6 Bubbles Paste/glass
3 Rectangular, cut corners Blue 9.6 × 8.0 Bubbles Paste/glass
4 Rectangular, cut Red 10.7 × 8.6 Tiny red particles Doublet with 

corners, domed table in cement layer quartz top 
and dyed
red cement

5 Octagonal, engraved Brown 18.2 × 11.8 Two-phase Smoky
man’s head inclusions quartz

6 Rectangular, cut corners Red 9.6 × 8.0 Tiny particles in Doublet with 
cement layer quartz top and

dyed red cement
7 Colorless piece, drilled, Colorless 25.5 × 22.8 Drilled, with metal Quartz

with metal core core

B. Quatrefoil on top
1 Rectangular, domed table Blue 9.2 × 7.7 Bubbles Paste/glass
2 Octagonal, domed table Violet 9.6 × 8.6 Color banding Amethyst
3 Rectangular, domed table Blue 9.1 × 7.7 Elongated bubbles Paste/glass
4 Octagonal, cut corners Violet 9.8 × 8.6 Two-phase inclusions Amethyst
5 Rectangular, domed table Yellow 17.1 × 13.9 Bubbles Doublet with glass top
6 Octagonal, cut corners Violet 8.8 × 7.0 Two-phase inclusions Amethyst-quartz
7 Colorless piece, drilled, Colorless 30.1 × 24.6 Drilled, with metal Quartz

with metal core core

C. Quatrefoil on right
1 Rectangular, cut corners Violet 8.7 × 6.5 Two-phase inclusions Amethyst
2 Rectangular Red 9.6 × 9.1 Bubbles and red Doublet with quartz top

particles in cement layer
3 Rectangular, domed table Blue 9.6 × 8.6 Bubbles Paste/glass
4 Rectangular, cut corners Yellow 9.6 × 9.1 Bubbles Paste/glass
5 Octagonal, cut corners, Brown 15.0 × 12.3 Two-phase inclusions Smoky quartz

engraved woman’s head
6 Octagonal, cut corners Violet 10.2 × 7.0 Two-phase inclusions Amethyst
7 Colorless piece, drilled, Colorless 25.4 × 23.4 Drilled with metal core Quartz

with metal core

D. Quatrefoil on bottom
1 Rectangular, cut corners, Red 9.7 × 7.5 Bubbles and red Doublet with quartz top

domed table particles in cement layer and dyed red cement
2 Octagonal, cut corners Violet 10.7 × 8.8 Two-phase inclusions Amethyst
3 Octagonal, domed table Yellow 12.8 × 10.2 Elongated bubbles Paste/glass
4 Octagonal, cut corners Violet 11.2 × 8.8 Color banding; Amethyst

inclusions
5 Octagonal, cut corners Brownish 23.5 × 21.4 Two-phase inclusions Citrine

yellow
6 Oval, cabochon Light 11.8 × 7.5 Black veins Turquoise

greenish
blue

7 Colorless piece, drilled, Colorless 42.9 × 24.4 Drilled, with metal core Quartz
with metal core

little is known of their history, both objects are
believed to date from approximately 1440
(Burckhardt, 1933; Barth, 1990). Specifically, the
style of the mold-made crucifix figure and the
engraved foliage scrolls on the back of the cross are

typical of this period. It is likely, too, that the donor
of the Dorothy monstrance, Henmann Offenburg
(1397–1459), had it made to hold a relic of Saint
Dorothy that he brought from Rome after being
knighted there in 1433.
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MATERIALS AND METHODS
The Reliquary cross and Dorothy monstrance both
contain a variety of stones mounted in metal set-
tings that are attached to the pieces (tables 1 and 2).
The two pedestal-based objects are comparatively
large, 37 cm and 55 cm high, respectively, and diffi-
cult to handle under a microscope. The settings of
the stones as well as the fragility of the pieces them-
selves inhibit the use of a refractometer. To avoid
any damage or contamination to those parts made
of silver, all of the investigators wore cotton gloves.

For the microscopic examination, we used a
Leica Stereozoom Binocular Microscope with a
fiber-optic light source. The microscope was
equipped with a camera enabling us to take pho-
tomicrographs with magnifications from 10× to
50×.

A handheld OPL spectroscope was used in con-
nection with a fiber-optic light to analyze the blue

stones that looked like a cobalt glass. Because
the objects were so bulky, chemical analysis was
not possible.

Conclusive identifications were made by taking
Raman spectra of each of the “stones” in both
objects and comparing the spectra to those in our
reference data file. The spectra were obtained using
a Renishaw Raman System 1000 equipped with a
Peltier-cooled CCD detector, together with a 25
mW air-cooled argon ion laser (Spectra Physics; 514
nm) The laser beam was focused onto the sample,
and the scattering was collected with an Olympus
BH series microscope equipped with 10×, 20×, and
50× MSPlan objectives. Because most minerals have
their characteristic Raman peaks between 100 and
1800 cm-1, we measured spectra from 100 to 1900
cm-1 using the “extended scanning” facility (again,
see Box A). A standard personal computer with
GRAMS/386 software was used to collect and store

TABLE 2.  Physical properties of the gem materials set in the Dorothy monstrance.

No. Shape/cut Color Measurements Internal features Identification
(mm)

1 Polished pebble “Olive” green 10.7 × 9.3 Slight turbidity Peridot
2 Polished pebble Colorless 6.3 diameter Elongated bubbles Paste/glass
3 Octagonal lozenge, Blue 13.2 × 10.7 Spheric bubbles Paste/glass 

sl. domed table
4 Octagonal, slightly Colorless 11.8 × 9.1 Cement layer, Doublet with

domed table decomposed quartz top
5 Octagonal, slightly Blue 12.3 × 9.7 Spheric bubbles Paste/glass

domed table
6 Round disc Orange 12.0 × 11.0 None observed Chalcedony, 

engraved goat var. carnelian
7 Octagonal, slightly Colorless 11.0 × 8.6 Cement layer, Doublet with 

domed table decomposed quartz top
8 Octagonal, slightly Blue 6.6 × 5.8 Elongated bubbles Paste/glass

domed table
9 Oval, engraved Cream and 13.5 × 21.5 Weak banding Agate, layered onyx

woman’s head grey layers
10 Round cabochon Green 6.0 × 5.5 Spherical bubbles Paste/glass
11 Oval, unpolished Black 14.0 × 10.0 None observed Black chalcedony
12 Oval, cabochon Light blue 9.5 × 8.3 Bubbles  Paste/glass doublet
13 Octagonal, slightly Blue 13.3 × 11.3 Bubbles Paste/glass

domed table
14 Octagonal, slightly Colorless 11.1 × 8.6 Cement layer, Doublet with quartz top

domed table decomposed
15 Octagonal, slightly Blue 14.2 × 11.1 Bubbles Paste/glass

domed table
16 Rectangular, blocky Violet 6.2 × 5.2 None observed Amethyst
17 Oval, cabochon Blue 5.0 × 4.0 Turbid growth layers Sapphire
18 Octagonal, Red 5.9 × 4.8 Rutile needles and Garnet

cabochon mineral inclusions
19 Round, Pink 4.7 diameter Mineral inclusions Spinel

cabochon
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the Raman spectra, as well as to analyze the data
and compare the collected spectra to reference spec-
tra stored in electronic files (Schubnel, 1992; Hänni
et al., 1997 ).

The metals in the two objects were not ana-
lyzed, but the white metal is believed to be silver
and the yellow appears to be gold-plated silver.

RESULTS
Description of the Objects. With few exceptions,
the faceted “stones” in both objects are cut in sym-

metrical shapes (e.g., oval or octagonal). The style of
cutting usually uses a slightly domed table and one
step of parallel facets on the crown. In most cases,
the cutting style could be identified only on the
crown side; because the stones are held in closed-
back settings, any fashioning of the pavilion gener-
ally was not visible. In some doublets, the pavilion
was completely invisible from above because of the
decomposed cement layer. For the most part, those
“stones” that were not faceted—including turquoise,
sapphire, spinel, and garnet—were cabochons.

The Reliquary Cross. The partially gold-plated
Reliquary cross (again, see figure 1) is in the Gothic
style. The design of the mold-made crucifix and the
stamped evangelical medallions on the reverse of
the quatrefoil (four-lobed decorative motif) that ter-
minates each arm of the cross has many similarities
to comparable crucifixes of the same era. However,
the use of rock crystal in the arms of the crucifix is
unusual, if not singular. The presence of gem mate-
rials on the front of the cross gives the impression
that this was a cherished object. On the back, at the
intersection of the arms, a rock crystal capsule con-
tains the relics of St. Catherine and St. Jacob, which
can be seen through the transparent quartz window.

The Dorothy Monstrance. Crockets (in Gothic
architecture, a crocket is an ornament that resem-
bles an outward-curving leaf) frame the almond-
shaped vessel like tongues of flame (again, see figure
2). The base, which consists of an eight-lobed foot, a
smooth shaft, and a knob that resembles bundled
rods, is more soberly treated.

A red niello coat of arms riveted to the door of
the rear opening suggests that the monstrance was a
gift from master craftsman Henmann Offenburg, of
the Saffron guild of Basel. Restrained gilding on the
front of this slender object creates a charming effect.
The embossed figure of St. Dorothy in lavishly
draped garments, hand-in-hand with the naked
Christ child, appears to float within the mandorla
(an almond-shaped halo of light enclosing the whole
of a sacred figure). The preciousness of the object is
enhanced by the fashioned stones and other orna-
mental materials set around the saint and by the
cameo at her feet.

Identification of the Ornamental Materials. Tables
1 and 2 list the results of our testing on the stones
in the Reliquary cross and Dorothy monstrance,
respectively.

Figure 4. Four of the stones tested were found
(by microscopy and Raman analysis) to be dou-
blets with quartz tops and a layer of red
cement. This stone, in the Reliquary cross, mea-
sures 10.7 × 8.6 mm.

Figure 5. Red pigment is seen here mixed in the
cement of the doublet in figure 4. Magnified 60×
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Optical Microscopy. We identified many doublets
(figure 4) and glass imitations in the Reliquary cross.
Because all the gem materials are mounted in
closed-back settings, in most cases we could not
identify the pavilion material of the doublets. In
some cases, however, gas bubbles were visible with
magnification. The red doublets were found by
microscopy to have quartz tops, with a cement
layer that showed a red pigment mixed into the
adhesive (figure 5). Probably due to their age, the
cement layers in most of the doublets appeared to
have dried out or shrunk, where air had entered the
joining plane. The blue glasses showed air bubbles,
either round or elongated (figure 6), that are typical
of glass; with the spectroscope, we observed a weak
cobalt spectrum.

Among the natural stones found, amethyst, cit-
rine, and colorless quartz contained typical fluid
and two-phase (fluid and gas) inclusions (figure 7).
The turquoise cabochon (subsequently identified by
Raman analysis) has a slightly greenish color that is
typical of many turquoises seen today.

The Dorothy monstrance also contains a num-
ber of glass imitations (table 2), but it has some
interesting natural stones as well. We identified
peridot (figure 8), blue sapphire, red garnet, pink
spinel (figure 9), and amethyst. A carnelian finely
engraved with a goat (figure 10) suggests an interest-
ing link to Greek art (Gray, 1983). An agate is
engraved with the profile of a woman’s head (figure

Figure 6. This piece of fashioned blue glass in
the Reliquary cross showed the air bubbles typ-
ical of glass. Magnified 40×.

Figure 7. This yellow stone, set in the Reliquary
cross, contains fluid and two-phase (fluid and
gas) inclusions that are typical of crystalline
quartz, in this case citrine. Magnified approxi-
mately 60 ×

Figure 8. Raman analysis identified this 10.7 × 9.3
mm stone in the Dorothy monstrance as peridot.

Figure 9. Blue sapphire, red garnet, and pink
spinel were identified in the Dorothy mon-
strance. The center stone (garnet) is approxi-
mately 6 mm in longest dimension.
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11). Four colorless to slightly yellow quartz doublets
with heavily decomposed cement layers are particu-
larly interesting (figure 12).

Raman Analysis. For the most part, the Raman
spectra simply confirmed the microscopic observa-
tions. Figure 13 shows typical spectra from samples
of the quartz varieties (rock crystal, amethyst, cit-
rine) that were present in the Reliquary cross and
the Dorothy monstrance. These spectra do not dif-
fer greatly from one another, but the quartz spec-
trum itself is very distinct from other materials.
Figure 14, in comparison, shows the Raman spec-
trum taken at the porous surface of a black cabo-
chon (stone no. 11 of the Dorothy monstrance). In
addition to a small peak at 461 cm-1, the spectrum
shows two broad peaks at 1355 and 1605 cm-1. On
the basis of the peak at 461 cm-1, the stone was
identified as chalcedony. The peak at 1605 cm-1 is
seen in epoxy resins, such as those used for emerald
treatments. To protect the pieces, a layer of varnish
was applied to them around 1970; museum person-
nel removed this layer with acetone prior to these
analyses. Because of the porous nature of the chal-
cedony, it is likely that the protective varnish was
not completely removed by the cleaning process,
which resulted in the peak at 1605 cm-1. The broad
peak at 1355 cm-1 is possibly due to carbon, present
as the coloring agent.

Good spectra were also obtained from peridot,
garnet (figure 15), and sapphire mounted in the

Dorothy monstrance; whereas glass gives a relative-
ly nonspecific spectrum, with broad bands varying
from sample to sample. The spectrum of the spinel
in the Dorothy monstrance (figure 16) and that of

Figure 10. This intaglio engraved with the figure of
a goat was found to be carnelian. From the Dorothy
monstrance, it is approximately 11 × 12 mm.

Figure 11. This cameo, also part of the Dorothy
monstrance, was fashioned from agate. It is
approximately 21.5 × 13.5 mm.

Figure 12. A decomposed layer of cement is evi-
dent in this approximately 11.1 × 8.6 mm
quartz doublet from the Dorothy monstrance.
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the turquoise in the Reliquary cross showed high
fluorescence and small, but characteristic, peaks.

In the pedestal to the Dorothy monstrance, the
ends of the bundled rods are adorned with red and
green enamel inlay (again, see figure 2). Although
more precise characterization of this enamel is pos-
sible with Raman analysis, as recently demonstrat-
ed by Menu (1996), we did not pursue this because
we were not equipped with reference data for enam-
el and its pigments.

DISCUSSION
We were surprised to find so many imitations, such
as glass and doublets, in a historic piece of art with
outstanding metal work. We cannot evaluate the
significance of these imitations that today we call
fakes. Blue (cobalt?) glass (figure 6) seems to have
been a common substitute for sapphire. Red dou-
blets (figure 4) might have been selected to mimic
ruby. We believe that the near-colorless quartz and
glass doublets once contained colored cement, but
that the color faded over the centuries because of
the organic dyes used at that time. Given that color-
less glass and quartz usually exist in fairly large
pieces, this seems to be the only explanation for
such assemblages. In those cases where the cement
layer still exhibited color, such as in the red stone
A4 (figure 4) of the Reliquary cross, we recognized
pigment powder.

Among the natural gemstones encountered, vari-
eties of quartz (rock crystal, amethyst, citrine,
smoky quartz, and chalcedony) were the most com-
mon. In central Europe, a few occurrences of such
stones have been known for centuries. The spinel
and sapphire, however, show inclusions and growth
zoning that suggest a Sri Lankan origin (Hänni,
1994). Although many occurrences of red garnets in
Europe have been known since ancient times, there
was only very limited use of this material.

The turquoise and peridot probably originated
from Near East deposits (Khorassan, Persia; and
Zabargad, Egypt, respectively), since the pieces pre-
date the discovery of America. Regarding the
engraved carnelian and agate, we consider a Greek
or Roman origin, dating from the classical age, as
most probable, inasmuch as engraved gemstones
from the classical Greek and Roman period were
frequently recycled in the Gothic era. However, it is
also possible that they were fashioned at approxi-
mately the same time as the objects themselves,
because there was a resurgence of interest in
engraved gems in the 15th century (Gray, 1983).

CONCLUSION
Our investigations of the Reliquary cross and
Dorothy monstrance provided a great deal of infor-
mation both on the gem materials used in these
two 15th century religious objects and on the viabil-
ity of Raman analysis for the characterization of

Figure 13. Note the similarities in the Raman
spectra of the rock crystal top of a red quartz
doublet (bottom), amethyst (middle), and citrine
(top) set in the Reliquary cross. The most distinc-
tive peak for quartz is at 461 (±2) cm-1.
Additional characteristic peaks are at 124, 204,
and 261 cm-1. Other peaks are less distinct and
occur in different intensities, depending on the
crystallographic orientation of the gem.
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such unique objets d’art. Although the metalwork
appears to be quite fine, many of the “stones” in
both pieces are actually colorless materials with a
pigment backing, colored glass, or quartz doublets

with a (presumably dyed) cement layer. Nevertheless,
there are also some attractive natural gems, such
as peridot, sapphire, garnet, spinel, and turquoise, as
well as varieties of quartz. Raman analysis provided
a manageable, relatively quick method for identify-
ing these materials without any damage to either
the gems themselves or the metal in which they
were set.
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by the senior author (H.A.H.).

REFERENCES
Barth U. (1990) Erlesenes aus dem Basler Münsterschatz

(Masterpieces from the Basel Münster Treasure). Historisches
Museum Basel, Basel, Switzerland.

Bouquillon A., Querré G., Poirot J-P. (1995) Pierres naturelles et
matières synthétiques utilisées dans la joaillerie égyptienne.
Revue Française de Gemmologie, Vol. 124, pp. 17–22.

Burckhardt R.F. (1933) Die Kunstdenkmäler des Kantons Basel-
Stadt, Vol. II: Der Basler Münsterschatz. E. Birkhäuser Verlag
and Cie., Basel, pp. 194–199 (Dorothy monstrance), pp.
238–241 (Reliquary cross).

CISGEM (1986) Analisi gemmologica del Tresoro del Duomo di
Milano. CISGEM, Milan, Italy.

Delé-Dubois M.-L., Dhamelincourt P., Schubnel H.-J. (1980)
Étude par spectrométrie Raman d’inclusions dans les dia-
mants, saphirs et émeraudes. Revue de Gemmologie, No. 63,
pp. 11–14, and No. 64, pp. 13–14.

Figure 16. Spinel generally shows a high Raman
fluorescence at low wavenumbers, which is over-
lain by its distinct peaks at 403, 308, 663, and
765 cm-1. The intensity of the peaks depends on
the color of the spinel. In this Raman spectrum of
a pink spinel set in the Dorothy monstrance, only
the peak at 403 cm-1 is clearly visible.

Figure 14. On the basis of the 461 cm-1 Raman
peak, we identified this black opaque stone in
the Dorothy monstrance as chalcedony. The peak
at 1605 cm-1 is derived from residue of the var-
nish; whereas the broad peak at 1355 cm-1 may
be due to the presence of carbon, which is the
typical coloring agent for black chalcedony.

Figure 15. The Raman spectrum of a garnet set in
the Dorothy monstrance shows its strongest peak
at 913 cm-1, with peaks of lower intensity at 341,
496, 862, and 1039 cm-1. If we compare this spec-
trum with our reference spectra for garnet, the
stone appears to be garnet with a high percentage
of almandine.



Notes and New Techniques GEMS & GEMOLOGY Summer 1998 113

Dhamelincourt P., Schubnel H.-J. (1977) La microsonde molecu-
laire à laser et son application dans la minéralogie et la gem-
mologie. Revue de Gemmologie, No. 52, pp. 11–14.

Gray F. (1983) Engraved gems: A historical perspective. Gems &
Gemology, Vol. 19, No. 4, pp. 191–201.

Griffith W.P. (1987) Advances in the Raman and infrared spec-
troscopy of minerals. In R.J.H. Clark and R.E. Hester, Eds.,
Spectroscopy of Inorganic-Based Materials, Wiley & Sons,
New York, Chap. 2, pp. 119–186.

Hänni H.A. (1994) Origin determinations for gemstones:
Possibilities, restrictions and reliability. Journal of
Gemmology, Vol. 24, No. 3, pp. 139–148.

Hänni H.A., Kiefert L., Chalain J-P., Wilcock I.C. (1997) A
Raman microscope in the gemmological laboratory: First
experiences of application. Journal of Gemmology, Vol. 25,
No. 6, pp. 394–406.

Johnson M.L., Koivula J.I. (1996) Gem news: International confer-
ence on Raman spectroscopy and geology. Gems &
Gemology, Vol. 32, No. 4, pp. 290–291.

Kiefert L., Hänni H.A., Chalain J-P. (1996) Various applications of
a Raman microscope in a gemmological laboratory. In
Proceedings of the 2nd Australian Conference on Vibrational
Spectroscopy, 2–4 October 1996, Queensland University of
Technology, Brisbane, Australia, pp. 202–203.

Köseoglu K. (1987) The Topkapi Seray Museum: The Treasury.
Little, Brown and Co., Boston.

Lasnier B. (1995) Utilisation de la spectrométrie Raman en gem-
mologie. Analusis Magazine, Vol. 23, No. 1, pp. 16–18.

Malézieux J.-M. (1990) Contribution of Raman microspectrome-
try to the study of minerals. In A. Montana and F. Barragato,
Eds., Absorption Spectrometry in Mineralogy, Chap. 2,
Elsevier Science Publishers, Amsterdam.

McMillan P.F. (1989) Raman spectroscopy in mineralogy and

geochemistry. Annual Review of Earth and Planetary
Sciences, Vol. 17, pp. 255–283.

McMillan P.F., Hofmeister A.F. (1988) Infrared and Raman spec-
troscopy. In F. C. Hawthorne, Ed., Spectroscopic Methods in
Mineralogy and Geology, Mineralogical Society of America,
Reviews in Mineralogy, Vol. 18, Chap. 4, pp. 99–159.

Meixner H. (1952) Die Steine und Fassungen von Ring und
Anhänger der hl.Hemma aus dem Dome zu Gurk in Kaernten:
1. Teil, Die Steine. Carinthia II, Vol. 142, No. 62, pp. 81–84.

Menu A.C. (1996) Les minéraux dans les enluminures. Thesis in
Gemology, University of Nantes, France.

Ostertag T. (1996) Special application of Raman spectroscopy in
the areas of mineralogy, petrology, and gemology. Diploma
thesis, Albert-Ludwigs University, Freiburg, Germany.

Pinet M., Smith D., Lasnier B. (1992) Utilité de la microsonde
Raman pour l’identification non destructive des gemmes. In
La Microsonde Raman en Gemmologie, special issue of
Revue de Gemmologie, pp. 11–61.

Querré G., Bouquillon A., Calligaro T., Dubus M., Salomon J.
(1996) PIXE analysis of jewels from an Achaemenid tomb
(IVth century BC). Nuclear Instruments and Methods in
Physics Research B, Vol. 109/110, pp. 686–689.

Querré G., Bouquillon A., Calligaro T., Salomon J. (1995)
Analyses de gemmes par faisceaux d’ions. Analusis Magazine,
Vol. 23, No. 1, pp. 25–28.

Scarratt K. (1998) The Crown Jewels. C. Blair, Ed., The Stationery
Office, London.

Schubnel H.-J. (1992) Une méthode moderne d’identification et
d’authentification des gemmes. In La Microsonde Raman en
Gemmologie, special issue of Revue de Gemmologie, pp.
5–10.

Smith D.C. (1987) The Raman spectroscopy of natural and syn-
thetic minerals: A review. Terra Cognita, Vol. 7, pp. 20–21.



114 Notes and New Techniques GEMS & GEMOLOGY Summer 1998

The perfectly formed, transparent-to-translucent
gem crystals from Klein Spitzkoppe, a granitic
mountain in western Namibia, are in great demand
by mineral collectors. For many years now, gems
cut from some of these crystals––topaz, aquama-
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rine, and other beryls––have also been entering the
trade (figure 1). The senior author (BC) visited Klein
Spitzkoppe in 1975 and 1988 to study the geology of
the deposit and obtain specimens, some of which
were photographed and used for gemological test-
ing. This article presents the results of this investi-
gation, along with a discussion of the history of
these famous deposits and the geology of the region.

LOCATION AND ACCESS
Klein Spitzkoppe (“small pointed hill”) is located in
southern Damaraland, northeast of the coastal har-
bor town of Swakopmund (figure 2). This granite
inselberg has an elevation of 1,580 m above sea
level and forms a prominent topographic landmark
above the Namib Desert (figure 3). Inselbergs
(derived from the German word meaning “island
mountain”) are common geologic features in south-
ern African deserts; they are steep-sided, isolated
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hills or mountains—formed by erosion—that rise
abruptly from broad, flat plains. Much of the sur-
rounding desert surface is covered with calcrete, a
conglomerate composed of sand and gravel that has
been cemented and hardened by calcium carbonate.
Approximately 12 km east-northeast of Klein
Spitzkoppe is another granite inselberg, Gross
Spitzkoppe, which rises 1,750 m above sea level; no
gems have been recovered from this area.
Spitzkoppe has been spelled several ways in the lit-
erature, such as Spitzkopje (Heidtke and Schneider,
1976; Leithner, 1984) and Spitzkop (Mathias, 1962).
The spelling used here is the one used on official
geologic maps of the region.

Access to Klein Spitzkoppe is relatively straight-
forward, and the deposits can be reached using a
conventional motor vehicle. The main highway (B2)
that connects the coastal town of Swakopmund
with Okhandja passes south of Klein Spitzkoppe.
About 110 km northeast of Swakopmund, a road
leads northwest from B2 back toward the coastal
village of Henties Bay. About 30 km from the B2
turn-off, this road passes a few kilometers south of
the topaz and aquamarine deposits at Klein
Spitzkoppe, with the granite inselberg readily visi-
ble from the road. Large portions of the diggings are
on public land. However, entry to privately owned
granite quarries in the area is prohibited. Collecting
of specimens by local people is carried out year-
round, and a visitor to the site will always be met
by these diggers offering specimens for sale.

HISTORY
The Klein Spitzkoppe deposits were first described
in the late 19th century German literature (Hintze,
1889). At the time, the locality was known as
Keins-Berge, although the Dutch name, Spitskopjes,
was already used for several steep-sided inselbergs
and isolated mountains in the Damaraland region.

Figure 1. Both the 23 ct
aquamarine and the 43 ct

“silver” topaz were faceted
from material found at

Klein Spitzkoppe. Courtesy
of Martha Rossouw; 

photo © Bruce Cairncross.

Figure 2. Klein Spitzkoppe is located in cen-
tral Namibia, about 200 km northwest of
the capital city of Windhoek.
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For the initial description of the crystal morphology
of the topaz from this region, Hintze used crystals
that Baron von Steinäcker had originally collected
at Klein Spitzkoppe. Hintze (1889) stated that the
Namibian specimens were reminiscent of crystals
from Russia, as they had a similar morphology and
were “water clear.”

It has been reported that 34.5 kg of facet-quality
topaz was collected in Namibia, mostly from the
Klein Spitzkoppe deposits, during 1930 –1938
(Schneider and Seeger, 1992). More recent produc-
tion figures are not available. Most topaz mining is
carried out informally by local Damara diggers (fig-
ure 4), who usually sell their wares to tourists and
local dealers. Aquamarine is also extracted, but it is
less commonly encountered than topaz. Although
no production figures are available, many hundreds
of carats of aquamarine have been cut from material
collected at Klein Spitzkoppe (see, e.g., figure 1).
Yellow beryl is also infrequently recovered from the
pegmatites, and some fine gems have been cut from
this material as well.

Whereas gemstone mining is small-scale and
informal at Klein Spitzkoppe, granite is quarried on
a large scale. African Granite Co. (Pty) Ltd extracts a
yellow granite, known colloquially as “Tropical
Sun,” which is exported primarily to Germany and
Japan (ASSORE, 1996). Topaz crystals are frequently
found during these quarrying operations and are col-
lected by the local workers. Aquamarine is found
less commonly in the quarries.

REGIONAL AND LOCAL GEOLOGY
Previous Work. The two Spitzkoppe mountains
appear on a geologic map (scale 1:1,000,000) of cen-
tral Namibia (then South West Africa) by Reuning
(1923), which is one of the oldest geologic maps of
the region. The regional geology was systematically

Figure 3. Klein Spitzkoppe mountain is surrounded by the arid plains of the Namib Desert. Photo by Horst Windisch.

Figure 4. A Damara woman digs for topaz in a highly
weathered, soil-filled cavity in a gem-bearing peg-

matite at Klein Spitzkoppe. Wind-blown sand and soil
obscure the pegmatite. Photo by Horst Windisch.
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mapped during 1928, revised in 1937, and the com-
bined results published several years later
(Frommurze et al., 1942), accompanied by a more
detailed geologic map (scale 1:125,000). In their
report, Frommurze et al. briefly described the topaz
occurrences at Klein Spitzkoppe and provided a map
of the localities where topaz had been found.

Geology. Gem-quality topaz and beryl are derived
from cavities within pegmatites that intrude the
Klein Spitzkoppe granite. This granite is one of sev-
eral alkali granites in the area that are Late Jurassic
to Early Cretaceous in age (approximately 135 mil-
lion years old; Miller, 1992). Such granites comprise
part of the late- to post-Karoo intrusives that occur
over a wide area of Namibia (Haughton et al., 1939;
Botha et al., 1979). Other, somewhat similar gran-
ites in the area contain economic deposits of tin,
rare-earth elements, tungsten, copper, fluorite, tour-
maline, and apatite (Miller, 1992). The Klein
Spitzkoppe granite is medium- to coarse-grained,
light yellow to light brown, and consists predomi-
nantly of quartz, plagioclase, and microcline, with
accessory magnetite, hematite, and limonite.

Menzies (1995) classified the pegmatites at Klein
Spitzkoppe as “syngenetic,” because they lie within
the parent granite. (Ramdohr [1940] refers to these
pegmatites as “greisens.”) The pegmatites seldom
exceed 1 m in width and 200 m along the strike. At
least two occur on the eastern and southwestern
slopes of Klein Spitzkoppe (Frommurze et al., 1942;
Schneider and Seeger, 1992; figure 5). One of these
pegmatites was mined via an underground shaft at
the so-called Hassellund’s Camp (see Sinkankas,
1981, p. 5, for a photo). The pegmatites pinch and
swell in thickness; where there is sufficient space,
cavities may be found that are lined with euhedral
crystals of quartz, microcline feldspar, fluorite, and,
locally, topaz and beryl. Some vugs contain euhe-
dral biotite. The topaz and beryl tend to be more
abundant when they occur with a quartz-feldspar
assemblage, rather than with biotite. Frommurze et
al. (1942, p. 121) also report that the beryl crystals
are well formed and “invariably very clear and
transparent. The colour varies from pale-green to
dark sea-green and the bluish-green of precious
aquamarine. Occasionally very deep-green varieties
approaching emerald, and yellowish varieties
known as heliodor are found.” Besides topaz and
beryl, 24 other minerals have been identified in the
pegmatites (table 1), of which approximately a
dozen occur as collectable specimens.

MODERN QUARRYING AND MINING
Presently there is relatively little formal mining
activity at Klein Spitzkoppe. One company is min-
ing the granite for building stone. Most, if not all, of
the topaz, aquamarine, and other gem or collectable
minerals are extracted by local workers. They either
dig randomly in the weathered granite outcrops,
where it is relatively easy to pry crystals loose from
their matrix, or they collect (by hand) topaz and
beryl from the alluvium (again see figure 4). These
alluvial crystals are usually abraded and are more
suited for faceting than as mineral specimens.

Figure 5. Topaz and aquamarine are mined from
alluvial and eluvial deposits derived from
miarolitic pegmatites intruding the Klein Spitz-
koppe granite. Bruslu’s, Epsen’s and Hassellhund’s
camps are historical claims named after their
respective discoverers. Redrawn after Frommurze
et al. (1942).
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KLEIN SPITZKOPPE TOPAZ
The worldwide occurrences of topaz were recently
the subject of an in-depth publication (Menzies,
1995), but the Klein Spitzkoppe locality received
only a brief mention in this article. Very little has
been published on the Klein Spitzkoppe deposits,
and even less has been written on the topaz per se.
The notable exceptions are the few articles that
have appeared in German publications, such as
Leithner (1984).

Topaz has been found in several localities in
Namibia (Schneider and Seeger, 1992), but the first
recorded discovery of topaz there was Hintze’s
(1889) report on Klein Spitzkoppe. Topaz is probably
the best-known gem species from Klein Spitzkoppe.
Crystals over 10 cm long are well known, and
Ramdohr (1940) reported on one specimen measur-
ing 15 × 12 × 8 cm and weighing over 2 kg. Because
most of the topaz is found in alluvial and eluvial
deposits, matrix specimens are rare (figure 6). Loose
colorless crystals 1–2 cm long are abundant; in the
past, bags full of this material were collected (Bürg,
1942; “South-West Africa’s gem production,” 1946).
Not all crystals are gem quality, as internal frac-
tures, cleavages, and macroscopic inclusions are
fairly common. However, transparent crystals have

been cut into fine gems (figure 7). Typically they
range from 0.5 to 5 ct, although stones up to 60 ct
have been cut.

The topaz crystals are usually colorless, referred
to as “silver” topaz, although pale blue (figure 8) and
pale yellow (figure 9) crystals also occur (Beyer,
1980); brown topaz is not recorded from Klein
Spitzkoppe. The blue and yellow colors are pro-
duced by color centers activated by radiation, either
natural or artificial (Hoover, 1992). Blue usually
results from electron or neutron bombardment (D.
Burt, pers. comm., 1997). The less valuable yellow
or brown hues can be removed by heating. They are
also destroyed by prolonged exposure to sunlight,
which may explain why most of the Klein Spitz-
koppe topaz that is collected from exposed or
weathered surfaces is colorless.

Several generations of topaz are found in the peg-

Figure 6. This 3.8 cm crystal shows the remarkable
transparency and complex habit typical of some
topaz specimens from Klein Spitzkoppe. The crys-
tal is attached to a feldspathic matrix. Courtesy of
Desmond Sacco; photo © Bruce Cairncross.

TABLE 1. Minerals from Klein Spitzkoppe.a

Mineral Composition

Albite NaAlSi3O8

Axinite (Ca,Mn+2,Fe+2,Mg)3Al2BSi4O15(OH)

Bertrandite Be4Si2O7(OH)2
Beryl Be3Al2Si6O18

Biotite K(Mg,Fe+2)3(Al,Fe
+3)Si3O10(OH,F)2

Bixbyite (Mn+3,Fe+3)2O3

Chabazite CaAl2Si4O12 • 6H2O

Columbite (Fe+2,Mn+2)(Nb,Ta)2O6

Euclase BeAlSiO4(OH)

Euxenite-(Y) (Y,Ca,Ce,U,Th)(Nb,Ta,Ti)2O6

Fluorite CaF2
Gibbsite Al(OH)3
Goethite a-Fe+3O(OH)
Microcline KAlSi3O8

Molybdenite MoS2

Muscovite KAl2(Si3Al)O10(OH,F)2
Phenakite Be2SiO4

Pyrophyllite Al2Si4O10(OH)2
Quartz SiO2

Rutile TiO2

Scheelite CaWO4

Schorl NaFe3
+2Al6(BO3)3Si6O18(OH)4

Siderite Fe+2CO3

Topaz Al2SiO4(F,OH)2
Wolframite (Fe+2,Mn+2)WO4

Zircon ZrSiO4

aAfter Ramdohr, 1940; Frommurze et al., 1942; and Beyer, 1980.
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matite cavities, in five commonly occurring crystal-
lographic forms (Beyer, 1980):

Type I: Simple forms; usually colorless (figure 10).
Type II: Complex habits; usually colorless, (again,

see figure 6).
Type III: Complex prismatic, stubby crystals; yel-

low (again, see figure 9).
Type IV: Simple prismatic forms; yellow; associat-

ed with unaltered microcline.
Type V: Long, thin prismatic crystals; yellow.

Types I and III are always transparent with high-
ly lustrous crystal faces. These occur in vugs with
microcline, and occasionally with black tourmaline
(schorl). Type V is the last form to crystallize, and it
is always associated with needle-like crystals of
aquamarine and highly corroded microcline. Types I
and II are associated with large quartz crystals,
biotite, light green fluorite, tourmaline, and rutile.

Outstanding specimens of gem-quality, euhed-
ral topaz crystals perched on, or partially overgrown
by, highly lustrous smoky quartz are among the
most sought-after collector pieces. Also desirable
are matrix specimens consisting of topaz on white
or pale yellow feldspar (again, see figure 6). In rare
instances, topaz and green fluorite are found togeth-
er. The value of mineral specimens is well recog-
nized by the local diggers, as is evident from the
availability of some fake specimens of topaz fash-
ioned from locally mined pale green fluorite. The
crystallographic configuration of the topaz is easily
recognized and very well copied by the local diggers.
(Fake specimens of aquamarine are also known

from Klein Spitzkoppe––see figure 12 in Dunn et al.,
1981.) Detailed crystallographic descriptions of
Spitzkoppe topaz are published elsewhere (Hintze,
1889; Ramdohr, 1940; Beyer, 1980).

KLEIN SPITZKOPPE BERYL
Beryl (figure 11) is found in miarolitic cavities in
pegmatites associated with microcline, smoky
quartz, topaz, bertrandite, phenakite, and fluorite
(De Kock, 1935; Frommurze et al., 1942; Schneider
and Seeger, 1992). Aquamarine forms elongate
hexagonal prisms with flat or bipyramidal termina-
tions; the semitransparent crystals commonly

Figure 7. Faceted, colorless
topaz from Klein

Spitzkoppe is commonly
marketed as “silver”

topaz.The emerald-cut
stone in the left foreground

is 1.4 cm long, and the
stones average about 5–6

ct. Courtesy of Rob Smith;
photo © Bruce Cairncross.

Figure 8. This pale blue topaz, 2.8 cm long, displays
unusual, multiple terminations. Photo © Bruce
Cairncross.
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attain sizes up to 6 cm long and 1 cm in diameter
(Leithner, 1984). The largest documented aquama-
rine from Klein Spitzkoppe measured 12 cm long
and 5 cm in diameter (Ramdohr, 1940). Faceted
aquamarine over 20 ct is common (again, see figure 1).

Other varieties of gem beryl include hexagonal,
prism-etched, transparent-to-translucent green and
yellow varieties up to 6 cm long (Heidtke and
Schneider, 1976). One crystal described by Beyer
(1980, p. 16) measured 2 cm, and was colorless with
a “rose” pink (“rosaroten”) core! Yellow beryl
(heliodor) is usually associated with fluorite and
finely crystalline mica, or is intergrown with ortho-
clase (Heidtke and Schneider, 1976; Strunz, 1980;
Schneider and Seeger, 1992). Heliodor was originally
described from a pegmatite situated close to
Rössing, located about 70 km northeast of
Swakopmund (Kaiser, 1912), and it was described
further by Hauser and Herzfeld (1914). Klein Spitz-
koppe heliodor ranges from deep “golden” yellow to
light yellow to yellow-green (figures 12 and 13).
Crystals up to 12 cm long and 5 cm in diameter,
some of which are transparent, have been recovered.
Some heliodor crystals display naturally etched
crystal faces, the most common feature being hook-
shaped patterns on the c faces (Leithner, 1984).

MATERIALS AND METHODS 
Gemological properties were obtained on five topaz
(figure 14) and four aquamarine (figures 11 and 15)
crystals from Klein Spitzkoppe. All of the topaz
crystals and two of the aquamarines were obtained
by two of the authors (IC and BC) from reliable deal-
ers; the other two aquamarine crystals were loaned
by Bill Larson of Pala International, Fallbrook,
California. Although we were able to obtain cut
stones for photography, we were not able to keep
them long enough to perform gemological testing.

Refractive indices were determined using a
Rayner Dialdex refractometer with a sodium light
source. We obtained good readings from crystal
faces and spot readings from cleavage surfaces on
the crystals that did not have original crystal faces.
One of us (IC) has performed R.I. measurements on
gem rough for decades using this method, with reli-
able results. Luminescence tests were done in com-
plete darkness, using a Raytech LS-7 long- and
short-wave UV source. We determined specific gravity
by the hydrostatic method. Distilled water softened
with detergent was used to reduce surface tension.

Absorption spectra were observed with a cali-
brated Beck desk-model type spectroscope. We used
an SAS2000 spectrophotometer with a dual-channel
dedicated system, PC based, with a fiber-optic cou-
pling in the visible to near-infrared range (380–850
nm), to obtain transmitted-light spectra.

Figure 9. The topaz at Klein Spitzkoppe may be
pale yellow as well as pale blue or colorless. This
1.4 cm high yellow topaz crystal has a complex ter-
mination. Photo © Bruce Cairncross.

Figure 10. Most of the topaz specimens are broken
off their host rock, as it is extremely difficult to

remove specimens from the vugs intact. The crystal
on the right is 5 cm. Photo © Bruce Cairncross.
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Pleochroism was observed using a Rayner (cal-
cite) dichroscope with a rotating eyepiece, in con-
junction with fiber optics and a Mitchell stand with
a rotating platform. Optic character was observed
with a Rayner polariscope. The Chelsea filter reac-
tion was determined in conjunction with a variable-
power 150 watt fiber-optic tungsten light. All of the
crystals were examined with a Wild Heerbrugg
gemological binocular microscope under 10×, 24×,
and 60× magnification.

The two aquamarine crystals loaned by Bill
Larson were examined by Brendan Laurs at GIA in
Carlsbad, California, with the following methods.
Refractive indices were measured on a GIA Gem
Instruments Duplex II refractometer, using a
monochromatic sodium-equivalent light source.
Pleochroism was observed with a calcite-type
dichroscope. Fluorescence to short- and long-wave
UV radiation was tested with a GIA Gem Instruments
5 watt UV source, in conjunction with a viewing
cabinet, in a darkened room. Internal characteristics
were examined with a standard gemological micro-
scope, a Leica Stereozoom with 10×– 60 × magnifi-
cation. Absorption spectra were observed with a
Beck spectroscope.

RESULTS
Topaz. Visual Appearance. The topaz crystals (5.2
to 28.5 ct) were all colorless, except for one
extremely light blue specimen. Light brown iron-
oxide minerals (e.g., limonite) caused a brown dis-
coloration to some of the crystal faces. All of the
crystals were somewhat stubby, displaying short,
prismatic forms with wedge-shaped terminations.

Microscopic Examination. One crystal contained
partially healed fractures, as irregular planes (“fin-
gerprints”) of fluid and two-phase (fluid-gas) inclu-
sions. We also observed isolated two-phase (fluid-
gas) inclusions (figure 16). Acicular greenish blue
crystals of tourmaline (identified optically) were
seen slightly below the crystal faces in two of the
specimens; some of these penetrated the surface of
the host crystal (figure 17).

Gemological Properties. The results of the gemolog-
ical testing are summarized in table 2. The R.I. val-
ues of the topaz were 1.610 and 1.620, although one
specimen had a slightly lower maximum value of
1.616; birefringence was constant (0.010) for the
other four samples. All the specimens appeared yel-

low-green through the Chelsea filter and were also
inert to short- and long-wave UV. The specific grav-
ity for all samples was 3.56. No spectral characteris-
tics could be resolved with a desk-model spectroscope.
All samples showed similar transmittance spectra
with the spectrophotometer (figure 18): A steady
increase in transmittance occurs from approximate-
ly 380 nm, at the violet end of the spectrum, to 600
nm, with a more gradual increase from 600 to 850
nm. There were no unusual features in the spectra
that could be used to identify material as coming
from this locality.

Figure 11. These aquamarine crystals, part of the test
sample for this study, show the typical color and
crystal form of specimens from Klein Spitzkoppe.
The standing crystal measures 1.0 × 4.8 cm. Courtesy
of William Larson; photo © Harold & Erica Van Pelt.
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Aquamarine. Visual Appearance. The samples stud-
ied were light greenish blue prismatic crystals of
faceting quality. The two crystals studied by the
authors (figure 15) weighed 5.5 ct and 8.6 ct, with
smooth, shiny prism faces and etched terminations.
The crystals studied at GIA weighed 90.3 and 158.9
ct, and were color zoned––light greenish blue with
near-colorless terminations. Most of the prism faces
were striated parallel to the c-axis, and the termina-
tions were sharp and unetched.

Microscopic Examination. “Fingerprints” consist-
ing of irregular planes of fluid and fluid-gas inclu-
sions were the most common internal feature.
Fractures were also common, and were iron-stained
where they reached the surface. Hollow or fluid-
and-gas-filled growth tubes were noted in the crys-
tals examined at GIA; these tubes were oriented
parallel to the c-axis. Large (up to 3 mm), angular
cavities were also noted in these crystals. Both the
growth tubes and the cavities locally contained col-
orless daughter minerals.

One specimen examined by the authors had
brightly reflecting pinpoint inclusions of an uniden-
tified material; these could be fluid inclusions. At
60 ´ magnification, we saw radial stress fractures
surrounding the inclusions. We saw similar pin-
point inclusions, but without the fractures, in
another crystal. A feather-like, partially healed fluid
inclusion extended from the base of this crystal to
halfway up its length.

Gemological Properties. The R.I. values were
1.561–1.562 (ne) and 1.569–1.570 (nw), and the bire-
fringence was 0.007– 0.009. Dichroism was strong,
colorless to greenish blue. The specific gravity was
2.68–2.69. All of the aquamarine samples appeared
yellow-green through the Chelsea filter, and all
were also inert to both short- and long-wave UV
radiation. No spectral characteristics were resolved
by the authors using the desk-model type spectro-
scope; at GIA, a faint line was seen at 430 nm in

Figure 12. In addition to aquamarine, the deposit
also produces fine crystals of yellow beryl, like this

3.4 cm specimen. Johannesburg Geological Museum
specimen no. 65/116; photo © Bruce Cairncross. 

Figure 13. Large stones have been faceted from the
yellow beryl. The largest, a Portuguese-cut speci-
men at the top, weighs 42 ct. Courtesy of Desmond
Sacco; photo © Bruce Cairncross.

Figure 14. The test sample included these five
topaz crystals, which weigh, clockwise from top
left: 13.7 ct, 5.2 ct, 28.5 ct, 15.4 ct, and 6.6 ct. The
largest crystal (top right) is 21 mm along its longest
axis. Photo © Bruce Cairncross.
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both samples. The spectrophotometer results were
identical for the authors’ two specimens (figure 19):
a small minimum at 425 nm, with a transmittance
maximum at about 500 nm, and generally decreas-
ing transmittance at higher wavelengths.

DISCUSSION
Topaz. The gemological results obtained from the
Klein Spitzkoppe topaz are interesting for several
reasons. The R.I. values (1.610 and 1.620) are rela-
tively low compared to pegmatitic topaz from other
localities (typically 1.614 to 1.635; Hoover, 1992).
These R.I. values are similar to those of topaz from
rhyolitic deposits, such as at the Thomas Range
(Utah) and at San Luis Potosí, Mexico (Hoover,
1992); however, no rhyolites occur at Klein
Spitzkoppe. The R.I. values of the Klein Spitzkoppe
topaz are significantly lower than those for topaz
from hydrothermal deposits, such as Ouro Preto,
Brazil (1.630–1.638; Sauer et al., 1996), and Katlang,
Pakistan (1.629–1.643; Gübelin et al., 1986). The
variation in R.I. is caused by substitution of the
hydroxyl (OH) component by fluorine in the topaz
[Al2SiO4(F,OH)2] structure (Ribbe and Rosenberg,
1971). The Klein Spitzkoppe topaz is fluorine rich
with nearly the maximum amount possible (about
20.3 wt.% F), similar to rhyolite-hosted topaz from
the Thomas Range (Ribbe and Rosenberg (1971; as
reproduced in Webster and Read, 1994).

Hoover (1992) and Webster and Read (1994) both
state that the birefringence for colorless (and blue)
topaz is 0.010, which is identical to the birefrin-
gence determined for the Klein Spitzkoppe material.
The birefringence of hydrothermal topaz from Ouro

Preto is somewhat lower, 0.008 (Keller, 1983),
which is in agreement with similar values quoted
for brown and pink topaz (Hoover, 1992). It is inter-
esting to note that the pink topaz from Pakistan
also has a birefringence of 0.010 (Gübelin et al.,
1986).

The 3.56 S.G. for Klein Spitzkoppe topaz is iden-
tical to the value obtained for colorless and light
blue topaz from localities in Russia, Germany, and
the United States (Webster and Read, 1994). This is
somewhat higher than the S.G. values (3.51– 3.54)
for pink and orange topaz from Pakistan (Gübelin et
al., 1986) and Ouro Preto (Sauer et al., 1996). Like
R.I., the S.G. values of topaz also vary with fluorine
content; that is, they rise with increasing fluorine
(Ribbe and Rosenberg, 1971). This relatively high

Figure 15. These two aquamarine crystals were also
characterized for this study. The longest crystal is
22 mm. Photo © Bruce Cairncross.

Figure 16. Fluid and two-phase (fluid and gas)
inclusions such as these were seen in a topaz from
Klein Spitzkoppe. Photo © Bruce Cairncross; 
magnified 24×.

Figure 17. Dark greenish blue tourmaline crystals,
up to 0.8 mm long, form conspicuous inclusions
near the surface of a topaz crystal from Klein
Spitzkoppe. Photo © Bruce Cairncross.
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S.G. of Klein Spitzkoppe topaz is consistent with its
low R.I. values and high inferred fluorine content.

The Klein Spitzkoppe topaz samples we exam-
ined had few inclusions compared to topaz from
other localities. Some exceptions are the specimen

illustrated in figure 16, which contains well-devel-
oped fluid and fluid-and-gas inclusions, and the one
shown in figure 17, which encloses small, greenish
blue tourmaline needles. However, there are no
inclusions, fluid or solid, that could be used to dis-
tinguish Klein Spitzkoppe topaz crystals from those
of other deposits.

We do not know of any published data on the
effects of irradiation or heat treatment on Klein
Spitzkoppe topaz.

Beryl. For the most part, the results obtained from
the aquamarines tested were typical for the species.
The R.I. values (ne=1.561–1.562, nw=1.569–1.570) are
low compared to typical values (ne=1.567–1.583,
nw=1.572–1.590; Webster and Read, 1994), but low
R.I. values are characteristic of beryl that contains
little or no alkali impurities (C× ern ý and
Hawthorne, 1976). The birefringence (0.007– 0.009)
is relatively high for aquamarines with low R.I. val-
ues (typically 0.005; Webster and Read, 1994).
However, the S.G. (2.68–2.69) is typical for aqua-
marines with low concentrations of alkalis (Webster
and Read, 1994). The growth tubes and fluid inclu-
sions also are typical of beryl from other pegmatitic
deposits (see, e.g., Lahti and Kinnunen, 1993).

Webster and Read (1994) reported that some of
the yellow beryls from Klein Spitzkoppe show
radioactivity due to the presence of uranium oxide.
To check this, we tested three crystals of yellow
beryl using an Eberline ion chamber, but no radioac-
tivity was detected.

Figure 18. This transmittance spectrum is typical of
the spectra recorded on the topaz specimens from
Klein Spitzkoppe. A gradual increase in transmit-
tance is seen over the entire range measured.

Figure 19. This transmittance spectrum is typical of
the aquamarines examined from Klein Spitzkoppe,
and shows a small minimum at 425 nm, a transmit-
tance maximum at about 500 nm, and generally
decreasing transmittance at higher wavelengths.

TABLE 2. Summary of the gemological properties of
topaz and beryl (aquamarine) from Klein Spitzkoppe,
Namibia.

Property Topaz Aquamarine

Color Colorless (“silver”) Light greenish blue
to very light blue

Refractive indices
Lower na=1.610 ne=1.561–1.562
Upper ng =1.620

a nw=1.569–1.570
Birefringence 0.010a 0.007– 0.009
Optic character Biaxial (+) Uniaxial (-)
Luminescence Inert Inert
(SW and LW UV)

Specific gravity 3.56 2.68 –2.69
Dichroism None Pale blue to colorless
Chelsea filter Yellow-green Yellow-green
Absorption No features noted Faint line at 430 nm, or
spectrum with the spectro- no features noted with

scope; increasing the spectroscope; small
transmittance from minimum at 425 nm,
380–850 nm not- and maximum at 
ed with the spec- 500 nm, with the 
trophotometer spectrophotometer

Inclusions “Fingerprints,” two- “Fingerprints,” fractures,
phase inclusions, growth tubes, two- and
tourmaline crystals three-phase inclusions

aFor one topaz specimen, R.I. values were 1.610 –1.616 (birefringence
0.006), which is slightly outside the range reported here.
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FUTURE POTENTIAL
Topaz and, to a lesser degree, aquamarine have been
found at Klein Spitzkoppe for more than 100 years.
Local diggers collect most of the gems from weath-
ered miarolitic pegmatites and alluvium. The quar-
rying of granite for building stone also yields some
specimens and gems. The supply of gem-quality
material, as well as specimen-grade crystals, will
most likely continue for some time.
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CALCITE, Colored by Inclusions 

A rare-mineral dealer from Colorado
sent the 10.45 ct orange-red cabochon
shown in figure 1 to the West Coast
laboratory for identification last sum-
mer. He stated that the material was
found at the site of an old copper
mine in his local area. The dealer
knew that the material was a carbon-
ate, but he was unsure whether it was
an unusual color of rhodochrosite or
another carbonate mineral colored by
inclusions.

Refractive indices of 1.49 and
about 1.65 were obtained by the spot
method, with a weak but clear bire-
fringence blink. When we examined
the cabochon with magnification, we

saw strong doubling and pock marks
on the surface, with frequent under-
cutting, which implies a low hard-
ness. A small drop of dilute
hydrochloric acid caused the material
to effervesce strongly, thus confirm-
ing that it was a carbonate. Two
hydrostatic determinations of the spe-
cific gravity yielded a value of 2.73.
Although rhodochrosite is also soft
and effervesces to HCl, we identified
the bulk material as calcite on the
basis of specific gravity together with
the refractive indices.

Magnification also revealed
numerous orange and red reflective
needles, as well as clusters of trans-
parent-to-translucent purplish red
crystals. Using diffused light, we
observed that the body of the cabo-
chon was quite pale, and the overall
color was due to these inclusions.
The cabochon fluoresced weak red to
long-wave UV radiation and weak,
moderately chalky reddish orange to
short-wave UV. Lines at 500, 590, and
610 nm were visible in a desk-model
spectroscope. From their habit and
color, as well as from the reported
provenance of the cabochon, we
believe that the inclusions are chal-
cotrichite, a fibrous variety of cuprite.

The appearance of these inclu-
sions and the overall color of the
material reminded us of some bright
red quartz from Zacatecas, Mexico,
reported in the Spring 1993 Gem

News section (pp. 59–60). That mate-
rial was also found in an old copper
mine, and EDXRF of those inclusions
showed them to be rich in copper and
almost free of iron. The color is quite
distinct from the more brownish red
of the iron-rich inclusions, such as
goethite and lepidocrocite, that are
found in “strawberry” quartz from
Russia (Gem News, Spring 1995, p.
63). IR and CYW

CORUNDUM, Diffusion Treated

For some time now, laboratories on
both coasts have been receiving large
lots of rubies and sapphires for identi-
fication, which includes a determina-
tion of whether the stones have been
subjected to any type of enhance-
ment. One such parcel recently sub-
mitted to the West Coast lab con-
tained small, attractive red stones,
with one oval mixed cut that stood
out visually from the rest because it
was much darker in tone. (A closer
inspection also revealed that this
stone had a poor polish, unlike the
rest of the parcel.) The client believed
that they were all rubies and sent

Editor’s note: The initials at the end of each item
identify the editor(s) or contributing editor(s) who
provided that item.
Gems & Gemology, Vol. 34, No. 2, pp. 127–133
© 1998 Gemological Institute of America

Figure 1. This 10.45 ct orange-
red calcite is colored by inclu-
sions of chalcotrichite, a fibrous
variety of cuprite.
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them to the lab out of concern about
heat treatment.

Ruby has a characteristic spec-
trum—with chromium lines at about
694 nm, 668 nm, and 659 nm, and
another pair of lines at 476 nm and
468 nm—that conclusively distin-
guishes it from other red gems such
as garnet and spinel, or from imita-
tions such as glass. Consequently, we
began our examination with a desk-
model spectroscope to verify quickly
whether all the stones in the parcel
were ruby. We found this spectrum
for all the stones except the darker-
toned oval, which showed only a sin-
gle strong absorption line in the red
end of the visible spectrum.

Next we turned to the refractome-
ter, but we experienced some difficul-
ties obtaining the R.I. for this stone.
The table gave an indistinct reading
over the limits of the refractometer,
whereas one small area of the pavil-
ion yielded a vague reading of 1.7. The
polariscope, however, revealed that
the stone was doubly refractive, with
a clear uniaxial figure. The specific
gravity was measured hydrostatically
at 4.00. This combination of proper-
ties proved that the stone was indeed
corundum.

We turned next to observation
with the microscope, and saw clearly
why the refractive index reading of
this oval was difficult to obtain and
rather vague. The stone was heavily
scratched on all sides and showed a
very thin, crazed surface layer similar
in appearance to that seen in
Lechleitner synthetic emerald over-
growth on beryl. However, this oval
mixed cut did not have any inclusions
except for a tiny “fingerprint,” which
was too small to indicate whether the
stone was of natural or synthetic ori-
gin. (Magnification revealed evidence
of heat treatment in the rest of the
stones in the parcel.)

Examination in diffused light
showed that the purplish red color of
this stone was irregularly distributed
and concentrated at the facet junc-
tions. These features indicate diffu-
sion treatment. When we immersed
the stone in methylene iodide, the dif-

fusion layer became quite prominent,
as illustrated in figure 2. This figure
also reveals some areas that did not
have the red diffusion layer, probably
due to recutting or polishing. On the
basis of these results, the laboratory
identified the stone as a diffusion-
treated corundum and included a
comment stating that its natural or
synthetic origin is currently undeter-
minable. KH

DIAMOND

Colored by Pink Coating 
In the second edition of his book
Gemstone Enhancement (Butter-
worth-Heinemann, 1994), Dr. Kurt
Nassau references Benvenuto Cel-
lini’s Treatise on Goldsmithing, pub-
lished in Venice in 1568, about gem-
stone treatment. Specifically, he
cites Cellini’s discussion of a variety of
coatings and elaborate backings that
were used to enhance diamonds pri-
marily, as it was against the law to
coat emerald, ruby, and sapphire. Not
only does Cellini mention the blue
dye—indigo––that was used to coat
yellow diamonds, but he also states
that “smoky colors” were the most
desirable and describes the several
steps required to achieve them.

Over the years, most coated dia-
monds that we have encountered in

the laboratories have been light yel-
low to near colorless, with the net
result of the treatment being that the
stones appear less colored, or
“whiter.” In some instances, we have
seen diamonds that were “painted” to
imitate fancy colors. The most
notable in recent memory was a 10.88
ct light yellow emerald cut that had
been coated pink with fingernail pol-
ish (reported in Gem Trade Lab
Notes, Summer 1983, pp. 112–113).

The 5.75 ct brownish purple-pink
marquise brilliant shown in figure 3 is
the most recent example of a coated
diamond that simulates a color that
rarely occurs naturally in diamonds.
In fact, the color reminded us of some
of the first diamond crystals we saw
from Russia in the early 1970s, which
were given to one of the editors by
Robert Webster. At the time, we were
under the impression that this color
would be representative of the pro-
duction from Russia, but since then
we have seen very few diamonds
(from Russia or elsewhere) in this
color range. 

The first thing we saw with mag-
nification was that the stone did not
have the characteristic colored glide
planes that are usually present in dia-
monds in this hue range. Identification
was rather straightforward when we
viewed the stone with a microscope
using darkfield illumination and a
white diffuser plate between the light
source and the diamond: The speck-
led surface color typical of a coating
was readily visible (figure 4).
Although we were unable to identify
the exact nature of the coating sub-

Figure 2. When immersed in
methylene iodide and placed
over diffused transmitted light,
this 0.69 ct oval mixed-cut
corundum showed both the color
concentrations on facet junctions
and the spots devoid of color
that indicate that it was colored
by diffusion treatment.

Figure 3. The brownish purple-
pink color of this 5.75 ct mar-
quise diamond was the result of
a surface coating. 
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stance, it appeared to have been sput-
tered onto the entire stone and was
most visible as small concentrated
spots on the pavilion.

GRC and TM

With Different Color Appearances 
Depending on Viewing Position
From our discussions with members
of the diamond trade, we are aware
that they move colored diamonds
through a number of positions when
assessing the color. While this can be
helpful in making manufacturing
decisions, it has been our experience
that consistent, repeatable results for
color grading are best obtained by
limiting the color appearance vari-
ables and, especially, controlling the
viewing environment. With colored
diamonds, the face-up position best
accounts for the influence of cutting
style on color appearance and is also
the angle from which the diamonds
will be viewed when worn in jewelry
(see, e.g., King et al., Gems &
Gemology, Winter 1994, p. 225). For
these reasons, the laboratory color
grades colored diamonds in the face-
up position only.

A 2.67 ct emerald-cut diamond
that was recently submitted to the
East Coast laboratory provided an
interesting example of the potential
confusion that can arise if the stone is
placed in more than one position for
grading. Following GIA GTL’s stan-
dard color-grading methodology, the
diamond was described as Fancy

Deep Brown-Yellow (figure 5). Later,
during the diamond’s examination for
origin determination, it was viewed
through the pavilion and a noticeably
different brown-orange bodycolor was
observed (figure 6). A grader attempt-
ing to reconcile these two appear-
ances might reach a color description
that was not directly observed from
either viewing angle. Examination of
the stone face-up, though, results in
the most consistent description of the
diamond’s characteristic color.

John King

Manufactured GLASS, 
Represented as “Green Obsidian”

It is usually a straightforward exercise
to distinguish between glass imita-
tions and the natural materials that
are being imitated (see, for instance,
“Glass Imitations of Various Gems,”
by Nicholas DelRe, in the Summer
1992 Lab Notes, pp. 125–126). Among
the features that can be diagnostic for
glass are its singly refractive optic
character, low refractive index, and
low specific gravity; also, swirled
growth bands and (spherical or
stretched) gas bubbles may be visible
with magnification. Of course, the
presence of any “mold marks” on the
surface of a suspect gem or object is
another factor that should always be
taken into consideration. However, it
is much more difficult to distinguish

between a natural glass, such as
obsidian or moldavite, and a manu-
factured glass.

The six modified triangular bril-
liants shown in figure 7 were repre-
sented as natural green obsidian from
Tunduru, Tanzania. They ranged in
size from 9.06 × 9.46 × 6.11 mm (2.05
ct) to 12.03 × 12.21 × 8.18 mm (4.93
ct), and in color from yellowish green
to green. They had the following
gemological properties: color distribu-
tion—even; diaphaneity—transpar-
ent; optic character—singly refractive
with weak anomalous double refrac-
tion; R.I.—1.518 to 1.530; S.G.—2.50
to 2.52; inert, faint yellow, or weak-
to-medium green to short-wave ultra-
violet radiation, and inert to long-
wave UV; no obvious lines in the
spectrum seen with a handheld spec-
troscope, but dark in the blue and in
the red (above 650 nm) regions. This
was enough information to confirm
that these samples were glass, but not
to identify whether they were of natu-
ral or manufactured origin.

With magnification, we saw a few
perfectly spherical gas bubbles and
swirl lines with weak-to-moderate
curvature. These inclusions did not
resemble those in natural glasses with
which we are familiar: Obsidian, for
example, usually contains tiny crys-
talline inclusions, and the swirls and
bubbles in moldavite are often quite
contorted (see, for instance, A. de
Goutière, “Photogenic Inclusions in

Figure 4. The spotty surface coat-
ing on the diamond shown in fig-
ure 3 was revealed with magnifi-
cation (here, 63×) and a diffuse
light source.

Figure 5. The face-up color of this
2.67 ct emerald-cut diamond
received a grade of Fancy Deep
Brown-Yellow. 

Figure 6. The bodycolor of the
diamond in figure 5 appears to be
much more orange when it is
viewed through the pavilion.
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Moldavite,” Journal of Gemmology,
Vol. 24, No. 6, pp. 415–419). The
inclusions in these six triangular bril-
liants were strong—but not conclu-
sive—indications that the glass was
manufactured rather than natural. To
be certain of the identification, we
went to advanced testing procedures.

Three samples—one of each
intensity of green—were examined by
Fourier-transform infrared (FTIR)
spectroscopy. We have analyzed sev-
eral natural and manufactured glasses
over the past few years; most sam-
ples, from both categories, are opaque
below about 2100 cm-1 (this edge
shifts depending on the nature and
size of the sample). Most obsidians
show a saturated “hump” that rises
sharply at about 3700 cm-1 and tails
off to lower wavenumbers (to about
3200 cm-1, but this is quite variable).
There are sometimes two weak, broad
features centered around 3900 and
4500 cm-1 as well. Moldavite and
Libyan Desert glass also have distinc-
tive spectra.

Although not all manufactured
glasses have the same infrared spec-
tra, many show a common pattern—
which we have not seen in natural
glasses—that consists of a broad

plateau from about 3600 cm-1 to the
2100 cm-1 (or so) absorption edge,
with superimposed broad peaks at
2830 cm-1 and about 3520 cm-1. (For
example, brown glass beer bottles
have this spectrum.) The three sam-
ples we examined also had this “man-
ufactured glass” infrared spectrum.
EDXRF analysis on one sample found
major Si; minor Ca, Al, and Na; and
trace amounts of K, Ti, Cr, Fe, Cu, Pb,
Sr, and Zr. We concluded that this
material was manufactured glass; in
fact, we cannot recall seeing an exam-
ple of transparent “green obsidian”
that has ever proved to be a natural
glass.

MLJ, IR, and Philip Owens

PEARLS

Cultured, with Dolomite Beads

Although commercial pearl culturing
is nearly a century old, from time to
time we still see examples of innova-
tion in this field. For example, we
reported on pearls cultured with dyed
green beads made from powdered oys-
ter shell and a polymer in the Fall
1990 Lab Notes section (pp. 222–223).
Earlier this year, the West Coast labo-

ratory received nine loose, undrilled
pearls for identification, along with
some beads used in their culturing
that were represented to be dolomite
(figure 8).

The beads, about 8 mm in diame-
ter, were white and translucent. They
had an aggregate structure, but the
surfaces were poorly polished and the
refractometer showed only a birefrin-
gence blink. They fluoresced a weak
white to both long- and short-wave
UV radiation, and a weak pinkish
orange to X-rays. The specific gravity
was measured hydrostatically at 2.84.
These properties are consistent with
dolomite, but without a refractive
index reading they do not conclusive-
ly identify the material.

We next turned to several meth-
ods of advanced testing to gain addi-
tional information on the beads.
EDXRF analysis showed the presence
of both calcium and magnesium,
which is also consistent with
dolomite. The Raman spectrum
matched our reference spectrum for
dolomite, but the Raman spectra for
dolomite and magnesite are very sim-
ilar. An X-ray diffraction pattern con-
firmed the identification as dolomite.

The client was able to share some
information regarding the dolomite
beads and the pearls cultured on
them. The beads are fashioned in
South Korea, but our client did not
know the source of the dolomite rock
itself. These nine pearls were cultured
in Japan to test whether dolomite
works well as a bead nucleus for cul-
tured pearls; during this test, it was
found that the overall yield was about
the same as for pearl culturing using
freshwater shell beads. Dolomite is of
interest for pearl nuclei because it is
quite easy to obtain in sizes large
enough to fashion beads up to 20 mm
in diameter, whereas the traditional
freshwater shell used for culturing
rarely grows to such a thickness.

The nine samples ranged in size
from 10.75 × 10.30 mm to 7.90 × 7.35
mm, and in color from white to gray
to light yellow. On exposure to X-
rays, they fluoresced a very weak
orange; as is the case with other cul-

Figure 7. These six modified triangular brilliants (2.05–4.93 ct)
were represented as natural “green obsidian,” but they proved to
be manufactured glass.
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tured pearls, this X-ray luminescence
comes from the bead nucleus. The X-
radiograph showed all nine to be cul-
tured pearls, but the nuclei in these
pearls looked distinctly different from
the shell beads typically used to cul-
ture pearls, as illustrated in figure 9.
The dolomite nuclei appeared darker
(more transparent to the X-rays), and
some of them had a mottled appear-
ance. One sample showed a thick
dark layer of conchiolin at the surface
of the bead, which gave a silvery
appearance to the pearl overall.

CYW and IR

Cultured, with Treated Black Color
The strand of fairly large black pearls
shown in figure 10 was brought to the
West Coast lab for identification. The
strand consisted of 34 “circled” drop-
shaped and oval pearls, ranging from
approximately 13 × 10 mm to 10 × 9
mm, which were predominantly
bluish black. However, some of the
pearls also showed distinct green, and
even violet, overtones. Because the
pearls had the “metallic” appearance
that is usually associated with irradi-
ated freshwater tissue-nucleated cul-
tured pearls (see Winter 1988 Lab
Notes, p. 244), the client suspected
that the color had been enhanced
through irradiation.

X-radiography confirmed that the
pearls were cultured. Visual examina-

tion of the pearl surface with 20×
binocular magnification revealed that
the color was not uniform or evenly
distributed, but rather it was concen-
trated in dark reddish brown “spots”
that gave the cultured pearls a pecu-
liar speckled appearance (figure 11).
This type of color distribution typical-
ly results not from irradiation, but
from dyeing, which is commonly
done with a silver nitrate solution.
EDXRF analysis of the pearls revealed
silver, which proved that these cul-

tured pearls owed their black color to
dye, not radiation. KH

QUARTZITE, 
Dyed to Imitate Sugilite

The 1.12 ct purple cabochon shown
in figure 12 was one of a group of five
submitted to the West Coast lab for
identification. The purple color was
variegated and within the range seen
commonly for sugilite (see J. Shigley

Figure 8. The pearls on the left, which range from
10.75 × 10.30 mm to 7.90 × 7.35 mm, were cul-
tured on white dolomite beads similar to the
ones shown on the right. 

Figure 9. In this X-radiograph, the pearls cul-
tured on dolomite beads have a very different
appearance from the Tahitian black cultured
pearl placed in the center as a reference. 

Figure 10. The client suspected that this strand of black cultured
pearls was colored by irradiation.
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et al., “The Occurrence and
Gemological Properties of Wessels
Mine Sugilite,” Gems & Gemology,
Summer 1987, pp. 78–89). However,
this cabochon served as a reminder
that the gemologist must examine all
the properties and make sure they
form a consistent picture to arrive at a
correct result.

The material appeared translucent
and showed an aggregate structure.
We obtained a spot refractive index
reading of 1.55. While the R.I. report-
ed for sugilite is 1.607–1.610, the
aforementioned article and the Gem
Reference Guide (GIA, 1990, p. 235)
warn that because gem-quality sug-
ilite may contain quartz impurities,
the refractive index reading can be
around 1.54. The desk-model spectro-
scope showed a broad band from 540
to 580 nm. Purple sugilite has a char-
acteristic spectrum—with lines at
411, 420, 437, and 445 nm, and a band
at 550 nm—but Webster’s Gems (4th
ed., Butterworths, 1983, p. 359) states
that these lines in the violet end are
difficult to see without using a very
bright light and a blue filter.
However, the specific gravity, mea-
sured hydrostatically, was 2.64. This
value is identical to that expected for
quartz, but is quite low for sugilite,
which is normally 2.74 even if it con-
tains some quartz.

The combination of refractive
index and specific gravity indicated a

quartz aggregate. Examination with
magnification revealed that this color
was concentrated around and between
the grains of the aggregate, which is
diagnostic for dyed material (figure
13). Quartz (like sugilite) is usually
inert to both long- and short-wave
UV, but this cabochon fluoresced a
weak greenish yellow, with a some-
what stronger reaction to long-wave
UV. This fluorescence may well have
been due to the purple dye.

This material looks like “purple
onyx,” also a dyed purple quartzite,
which we discussed in the Winter
1990 Gem News section (p. 309).
However, the particular shade of pur-
ple is different (this one is more red-
dish), as are the fluorescence and
spectrum. Also in Gem News
(Summer 1991, pp. 122–123), we
described dyed purple quartzite that
imitated dyed lavender jadeite.

IR and MLJ

An Unusual SAPPHIRINE 

Not long ago, a client told us about an
8 ct “idocrase” from the new alluvial
gem deposits in Tunduru, Tanzania.
We could not recall seeing idocrase
from that area, so we readily accepted
the opportunity to examine the stone
shown in figure 14.

The 8.64 ct cushion mixed cut
was a moderately dark brownish
orangy red. Microscopic examination
revealed several long, thin needles
scattered throughout the stone and a
plane of crystals at one end. We 

measured refractive indices of
1.700–1.707, giving a birefringence of
0.007, and we saw a biaxial figure in
the polariscope. The specific gravity
was 3.43, measured by the hydrostatic
method. The stone was inert to long-
wave UV and weakly fluoresced a
chalky green color to short-wave UV.
The refractive index and specific grav-
ity were consistent with idocrase, but
idocrase is uniaxial (although rarely it
is anomalously biaxial).

However, the stone also dis-
played strong trichroism: brownish
red, light orange, and colorless.
Idocrase usually displays only weak
pleochroism (and only two colors
would be expected). Examination
with a desk-model spectroscope did
not reveal the band at 461 nm typical

Figure 12. This 1.12 ct purple
cabochon looks very much like
sugilite.

Figure 11. Examination with
magnification of the cultured
pearls in figure 10 revealed the
spotty color distribution that is
characteristic of dyed black
pearls. Magnified 20×. 

Figure 13. Closer examination of
the cabochon shown in figure 12
revealed the characteristic
appearance of a dyed aggregate
material, in this case quartzite.
Magnified 30×. 

Figure 14. This 8.64 ct brownish
orangy red cushion mixed cut
from Tunduru, Tanzania, turned
out to be the largest sapphirine
ever seen at the GIA Gem Trade
Laboratory.
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for idocrase (described in Webster’s
Gems, 4th ed., Butterworths, 1983,
pp. 329–330), but instead it showed
sharp lines in the red portion of the
spectrum. The spectroscope lamp also
revealed moderate red transmission
(red fluorescence to visible light), a
property shown by many gems that
are colored by chromium.

It was apparent that further
investigation was necessary, so we
turned to the Raman microspectrom-
eter. We were quite surprised when
the spectrum obtained perfectly
matched our reference spectrum for
sapphirine. We had fallen into one of
the oldest traps in gem identification:
We had not considered this possibility
because the stone was almost three

times the size of the largest faceted
sapphirine we had ever heard of. We
were also not aware of any chrome-
bearing sapphirine, or one of this
color. An X-ray diffraction analysis
confirmed the stone’s identity. Since
it was such an unusual stone, we also
examined the chemistry by EDXRF.
As expected from the formula
[(Mg,Al)8(Al,SiO)6O20] for sapphirine,
Mg, Al, and Si were present as major
elements; minor amounts of Cr, Ca,
Ti, Fe, Ni, and Ga were found as well.
Because idocrase is a calcium-magne-
sium aluminosilicate, the EDXRF
result alone would not have identified
this gem.

Thirteen years ago, we encoun-
tered another sapphirine that was

similar in some respects to the cur-
rent stone (Fall 1985 Lab Notes, pp.
176–177). That stone was described
as purplish pink and weighed 1.54 ct.
It had nearly identical optical proper-
ties, which are at the low end of the
reported ranges for this mineral. To
the best of our knowledge, this 8.64 ct
sapphirine is the largest sapphirine
that has been reported to date. It is
also the only one we know of that has
been reported from Tunduru. SFM

PHOTO CREDITS
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134 Gem News  GEMS & GEMOLOGY Summer 1998

DIAMONDS
Diamond exploration in Alberta, Canada . . . So far, more
than 200 kimberlites (most of them without diamonds or
subeconomic) have been found in Canada’s Northwest
Territories, writes Professor A. A. Levinson of the
University of Calgary, Alberta. Just south of the
Northwest Territories, the province of Alberta is becom-

ing a hotbed of diamond exploration (figure 1). More than
80% of the stakable land in the Texas-size province has
been staked for diamonds by at least 30 companies,
including De Beers (operating as Monopros). Geologically,
Archean-age rocks underlie much of the province, which
is favorable for the occurrence of diamond-bearing kim-
berlites.

Although De Beers has been exploring in northern
Alberta with varying degrees of intensity since the mid-
1970s, no significant results were ever announced. Since
1996, however, more than 20 kimberlites have been dis-
covered, many containing diamonds. Most of these were
found by a consortium led by Ashton Mining of Canada
that includes the Alberta Energy Company and Pure
Gold Minerals. Many of the kimberlites are in the
Buffalo Hills area of north-central Alberta (figure 2),
which is now recognized as a distinct kimberlite
province. The largest diamond recovered thus far
weighed 1.31 ct, which suggests that there may be an
economic population of jewelry-size stones.

Compared to the harsh conditions at remote sites in
the Northwest Territories, diamond exploration in
Alberta is both easier and more economical. Alberta has
an excellent network of roads and many available ser-
vices. The kimberlites are covered only by shallow till
deposits (with some even visible as surface outcrops);
they are not found under lakes as they frequently are in
the Northwest Territories. Geophysical exploration has
identified many anomalies that remain to be evaluated,
any of which might represent a near-surface kimberlite
pipe. Thus, there is “guarded optimism” (in Professor
Levinson’s words) that a mineable diamond deposit will
be found and developed in Alberta. However, it will take
several years before the true potential of this region can
be determined. 

. . . and anticipated production in the Northwest
Territories. Professor Levinson also noted that this year

Figure 1. A new kimberlite district has been iden-
tified in the Buffalo Hills area of north-central
Alberta, south of the future Ekati and Diavik
mines in the Northwest Territories. Most of
Alberta had been staked for diamond exploration
(shaded in yellow) as of March 1998. Map modi-
fied from “Alberta Diamond and Mineral
Exploration Activity Map,” April 1998, by
EnerSource, Calgary, Alberta.



will “mark a milestone in the annals of the world pro-
duction of rough diamonds,” because the Ekati mine in
the Lac de Gras region of the Northwest Territories
(NWT) will begin operation this fall. The estimated pro-
duction of about 4.2 Mct (million carats) per year would
make Canada the sixth largest diamond producer (by vol-
ume) in the world. Another mine is at an advanced stage
of development: At the Diavik project, about 16 miles
(26 km) southeast of Ekati, a production of 6.5 Mct per
year is anticipated beginning in 2002. If these production
expectations are met, Canada will produce more dia-
monds annually than South Africa.

Cooperation among the mining companies, indige-
nous peoples, and the government of NWT is essential
for a successful mining venture. In addition to various
environmental safeguards, the government of NWT had
requested “value-added activities”—that is, that the
Territories would not merely be exporting raw materials,
but might also be involved with the later processing
steps (such as sorting, cutting, and polishing) that add
value to the diamonds produced. In this regard, the gov-
ernment of NWT has come to an understanding with
BHP Diamonds Inc. and Dia Met Minerals Ltd., the
major-share partners in the development of the Ekati
mine. BHP Diamonds Inc. (the operating company) will
establish a diamond valuation facility that will be used at
first for training, basic sorting, and government valua-
tion; more-detailed sorting may follow as the work force
gains more skills and expertise. BHP will also facilitate
the sale of rough diamonds (for cutting and polishing) to
qualified northern manufacturers at competitive prices,
while the government will have primary responsibility
for attracting and retaining those manufacturers. Both
parties will work together to ensure that potential manu-
facturers have the necessary qualifications and a valid
business plan. 

International Rough Diamond Conference in Israel.
Throughout 1998, Israelis are celebrating the 50th
anniversary of the founding of the State of Israel. In
honor of this anniversary, the diamond industry distin-
guished itself with a fascinating conference titled “Israel’s
Tribute to the Rough Diamond Producers ––International
Rough Diamond Conference,” held June 23–24 in Tel
Aviv. Professor A. A. Levinson provided the following
report from this conference.

Israel is the world’s largest cutting center for gem-
quality diamonds (as distinct from the near-gems cut in
India). The purpose of this conference was to acknowl-
edge the contributions of the world’s rough diamond pro-
ducers to the success and prosperity of the Israeli cutting
industry.

Approximately 200 foreign delegates and 300 mem-
bers of the Israeli diamond industry attended the two-day
conference. Renowned diamond journalist Chaim Even-
Zohar was the moderator. The list of speakers included
executives of companies that play major roles in dia-

mond mining, exploration, manufacturing, and financ-
ing, as well as government decision makers from several
countries. One objective of the conference was to inaugu-
rate the new Rough Diamond Trading Floor at the Israel
Diamond Exchange in Ramat Gan. This was done on the
first day by Prime Minister Benjamin Netanyahu, who
noted that a free market for rough diamonds was being
created, and encouraged rough suppliers to trade in Israel.
The ceremony was followed by a forum with presenta-
tions by two senior Israeli government officials and the
presidents of the two Exchanges, as well as the president
of the Israel Diamond Manufacturers Association and
the director of the (research-oriented) Israel Diamond
Institute. Several of these speakers noted the positive
role the Israeli government has played by virtue of its
policies of minimum regulation and enlightened taxation
with respect to the diamond industry (for instance, taxes
generally are assessed at 1% of turnover, regardless of
profit).

The second day of the conference featured 15 talks by
presenters from the world diamond industry. De Beers
was represented by three officials from the CSO (A.
Oppenheimer, T. Capon, and S. Lussier), who covered
topics ranging from the historic relationship between the
CSO and Palestine (later Israel) since 1940, through pro-
jected polished diamond consumption into the next cen-
tury, to the controversial concept of  branded “De Beers
Diamonds,” which are currently being test marketed in
England. High-ranking officials from the major producing
countries of Botswana (B. Marole),  Russia (S. Oulin), and
Angola (J. D. Dias) discussed various aspects of the dia-
mond industry as it relates to their economies, including
the advantages of marketing some or all of their rough
production through the CSO. Other speakers, represent-
ing smaller producers (D. M. Hoogenhout and L. Leviev),
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Figure 2. Diamond-bearing kimberlite was discov-
ered in this natural clearing in the heavily wooded
Buffalo Hills area of Alberta. Petroleum explo-
ration geologists had been using the clearing as a
natural helicopter landing pad for several decades
before the outcropping was identified as kimber-
lite. Photo courtesy of Ashton Mining of Canada.
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explained their mining operations and why they find it
advantageous to market independently.

New exploration ventures, particularly in Canada,
attracted much attention. Rio Tinto (G. Sage), which
operates the Argyle mine in Australia, is also developing
the Diavik mine in Canada (scheduled to open in 2001);
this will insure that Rio Tinto will be a major force in
rough diamonds well into the future. The exploration
activities on four continents of Ashton Mining (a minori-
ty stakeholder in the Argyle mine) were reviewed by R. J.
Robinson. Some of the most notable future producers
attended not as speakers but rather as delegates to famil-
iarize themselves with the cutting industry. These
included BHP Diamonds President J. Bothwell, whose
Canadian Ekati mine will start producing this October.

Financial aspects were covered by P. K. Gross of the
Belgian bank ABN-AMRO, a major lender to the dia-
mond industry. Mr. Gross outlined methods of  “risk
analysis.” At present, the total bank indebtedness of the
four main diamond-cutting centers (Antwerp, Mumbai,
Tel Aviv, and New York) is at an almost record level of
US$4.5 billion. Even more worrisome is the industry’s
debt to capital ratio, now about 1 to 1.5. Evaluation of
the inherent share value, and near-term potential, of pub-
licly traded rough-diamond producers in South Africa
and Canada was discussed by South African mining ana-
lyst D. Kilalea, who reported that the current picture is
not bright.

The program was rounded out by an overview of
world rough diamond production in relation to polished
demand by Mr. Even-Zohar, a discussion of the coopera-
tion between rough suppliers and their customers by Y.
Hausman, and a colorful presentation by M. Rapaport on
the relationship between rough and polished prices.
Overall, the conference provided an excellent opportuni-
ty for dialogue between the world’s rough diamond pro-
ducers and their customers (particularly the Israeli dia-
mond manufacturers). However, the topics covered have
ramifications for the entire industry. In particular, there
appeared to be a general concern that the diamond indus-
try is currently in a less-than-satisfactory condition,
which most speakers attributed primarily to the econom-
ic conditions in Southeast Asia and Japan, as well as to
the strong U.S. dollar. Without doubt, the International
Rough Diamond Conference was a great success.

COLORED STONES AND ORGANIC MATERIALS
“Flame agate”: What’s in a name? Agate, like the names
of other chalcedony varieties, is often subject to misun-

Figure 4. These two “flame agates” are from Villa
Ahumada, Mexico, the classic locality for such
agates. The larger of the two weighs 51.95 ct. Photo
by Maha DeMaggio.

Figure 5. It does not take much imagination to see
why the name flame agate was applied to Mexican
stones displaying colorful patterns, like the one
shown here. Photomicrograph by John I. Koivula;
magnified 5×.

Figure 3. These two agates from Botswana, 71.62
and 93.85 ct, show structures but not the colors
that resemble the flames of candles. Photo by
Maha DeMaggio.
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derstanding, misuse, and/or misinterpretation. This
results at least in part from the fact that there is no inter-
national body that decides how a particular agate or chal-
cedony should be named. Flame agate is a case in point.
Should such agates be red to orange or yellowish orange,
like the color of flames, or is any coloration, such as
brown, acceptable? Is structural pattern a required criteri-
on, or is it the only requirement? Dr. H. G. Macpherson,
in the book Agates (British Museum of Natural History,
1989), used the term flame agate to refer to agate of any
color in which the pattern resembles a candle flame.
Based on Macpherson’s use of the term, the two inexpen-
sive, tumble-polished Botswana agates shown in figure 3,
would qualify as flame agates.

A much earlier and more specific use of the term
flame agate can be found in the classic 1959 reference
Gemstones of North America, by John Sinkankas. In this
work, Sinkankas describes a very specific highly translu-
cent, colorless agate with few typical agate bands, but
rather containing long streaks or “flames” of a bright red
color. This material came from Chihuahua, Mexico,
west of Villa Ahumada, and has been well established
among agate collectors as “flame agate.” Two excellent
cabochons of Mexican “flame agate” are shown in figure
4, while a magnified image of the typical flame pattern is
shown in figure 5. Lelande Quick, in The Book of Agates
(1963), also refers to this Mexican agate as “flame agate,”
and agrees with the Sinkankas reference for the use of
the term. When we compare the Mexican agates to the
tumble-polished Botswana agates in figure 3 (or to the so-
called flame agate image in Macpherson’s book), it is
easy to see why the descriptive name flame agate was
first applied to the Mexican material. It is also easy to see
how the term has become less focused and much more
broadly used.

In short, no one governs the use of such descriptive
terms in gemology. As a result, their original meaning
may be lost through general usage. With respect to flame
agate, it is suggested that both color and pattern are impor-
tant, and that the name should be applied appropriately.

Update on benitoite mining. Benitoite was the subject of
a feature article in the Fall 1997 issue of Gems &
Gemology (B. Laurs et al., “Benitoite from the New Idria
District, San Benito County, California,” pp. 166–187).
Since that time, the only commercial deposit of gem ben-
itoite, the Benitoite Gem mine, has been placed under a
14-month option for evaluation by AZCO Mining Inc., of
Vancouver, British Columbia, Canada. This option
extends to February 1, 1999, at which time AZCO may
elect to purchase the mine for $1.5 million.

In a press release dated May 7, AZCO supplied the
1998 production figures for the Benitoite Gem mine. In a
mining season that ran just over one month, about 900
tons of alluvial material were processed by the present
owners, producing 522 grams of “gem-quality” benitoite

rough. AZCO is nearing the completion of its bulk sam-
pling and drilling of the deposit, and is engaged in geolog-
ic reconnaissance of the district.

Earlier this year, a spectacular benitoite specimen
was meticulously prepared and then sold to a private col-
lector by the Collector’s Edge of Golden, Colorado. This
specimen (figure 6) was recovered from a boulder that
was discovered at the Benitoite Gem mine in spring 1997
(see figure 8, p. 173, of the Laurs et al. article for a photo
of the original boulder).

Beryl from Madagascar: Aquamarine . . . The island
republic of Madagascar is unusually rich in many kinds
of gems, including sapphires, emeralds, tourmalines, and
garnets, all of which have been profiled in the pages of
Gems & Gemology. At the Tucson show this year, Tom
Cushman of Allerton Cushman & Co., Sun Valley,
Idaho, also showed the Gem News editors a large faceted
aquamarine (figure 7) from Farafangana in southern
Madagascar. It appears that this stone had not been heat-
ed, as the long axis had a greenish blue pleochroic color.
The rough was reportedly mined about two years ago.

. . . and trapiche beryl. A light grayish green six-sided
“trapiche” beryl (figure 8) was shown by Sunil Tholia,
president of Universal Point, Forest Hills, New York, to
GIA GTL (New York) gemologist Nick DelRe in Tucson.
This stone was one of several Mr. Tholia had that report-
edly came from the mining area surrounding Mananjary,

Figure 6. This photo shows a portion of a spectacu-
lar benitoite specimen that was recovered last year.
The white natrolite has been partially removed to
expose the benitoite crystals. The entire specimen
measures about 40 × 40 cm, and also contains nep-
tunite and joaquinite crystals (not shown here); the
benitoite crystals range up to about 4 cm in their
longest dimension. Courtesy of the Collector’s Edge;
photo © Geoffrey Wheeler Photography.
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Madagascar. The specimen measured 15.15 × 14.65 ×
10.85 mm and weighed 13.74 ct. The refractive index
(spot) was about 1.58, and the specific gravity was about
2.64, measured by the hydrostatic method. These proper-
ties are consistent with what we expect in such stones.
The trapiche structure was most obvious in transmitted
light (figure 8, right). We detected no evidence of clarity
enhancement in the stone.

“Almost blue” Sri Lankan color-change garnets. In the
Spring 1996 Gem News section (p. 53), we described a
3.29 ct color-change garnet that had the bluest color (in
daylight-equivalent fluorescent light) we had seen up to
that time; this color was described as bluish green. In the
past few months, some very dark, desaturated color-
change garnets (made available to the Gem News editors
in Carlsbad and to contributing editor Emmanuel Fritsch
in Nantes, France) also appeared to be somewhat blue
with fluorescent illumination.

The 0.99 ct cushion mixed cut shown in figure 9 was
loaned to the Gem News editors by Barry Schenk of M.
M. Schenk Jeweler, Chattanooga, Tennessee. This stone
had been purchased in Sri Lanka in 1997. Dr. Fritsch
examined two stones, 0.48 and 0.59 ct, loaned by John
Bachman, a colored-stone dealer in Boulder, Colorado,
who stated that they came from Athiliwewa, Sri Lanka
(see the Winter 1996 Gem News, pp. 285–286, for more
on garnets from this locality). Because the possible exis-
tence of blue garnets continues to intrigue many gemolo-
gists, we characterized these stones in detail.

The gemological properties for the three stones are
summarized in table 1. Although there is some variation
in the specific properties, on the whole they are consis-
tent with those for pyrope-spessartine garnets. The sam-
ples also contained similar inclusions, although more
information was gained from those in France, as the GIA
in Carlsbad had not acquired its laser Raman microspec-
trometer at the time of examination. Prominent in the
0.99 ct stone were oriented needles (figure 10), some of
which showed stress or partially healed fractures in
polarized light. The two smaller stones contained similar
needles, identified as rutile by Raman analysis (with a
Jobin Yvon T6400 spectrometer). These two stones also
contained large, transparent, birefringent crystals, round-
ed or angular, that were proved by Raman analysis to be
a carbonate, probably dolomite (figure 11); large, flat
stacks of black hexagonal plates (probably graphite or
hematite); and a small transparent inclusion that showed
a Raman spectrum typical of spinel.

Because the chemical analyses of the stones exam-
ined in France showed no detectable chromium, Dr.
Fritsch speculates that the combination of Mn2+ and V3+

absorptions was responsible for the color change in
stones in which Cr3+ was absent, and contributed to the
color change even in stones where Cr3+ was present.

Cat’s-eye opal from Tanzania. Hussain Rezayee, an inde-
pendent gem dealer based in Los Angeles, California,
recently brought several parcels of this material to the

Figure 7. The crystal from which this 20.48 ct 
aquamarine was cut was mined in southern
Madagascar. Stone courtesy of Allerton Cushman
& Co.; photo by Maha DeMaggio.

Figure 8. This 13.74 ct
trapiche beryl crystal was
found near Mananjary,
Madagascar. In transmit-
ted light (right), the spoke-
like structure typical of
trapiche emerald or beryl
is evident. Courtesy of
Universal Point, Inc.; 
photos by Nick DelRe.
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attention of the Gems & Gemology editors. The opal
was found as nodules weathered in place in a field near
Kasulu in Tanzania, near the border with Burundi. Mr.
Rezayee’s associates have collected “a few tons” of the
rough opal since late 1995, and they report that the easily
worked surface deposits are now nearly depleted. Only

about 1% can be fashioned into cat’s-eye stones, and to
date, about 30,000 carats have been cut. Mr. Rezayee
sorts the material into 18 color categories; the five oval
cabochons in figure 12, with sizes between 10.92 × 9.63 ×
7.48 mm (4.04 ct) and 13.49 × 10.45 × 8.40 mm (6.71 ct),
were representative of the range of colors in the material
we saw. All five showed sharp eyes.

The gemological properties of these five stones were
as follows: color—yellow, orange, brownish orange, and
orangy brown; color distribution—even in all but the
darkest stone, which showed brown color zones;
diaphaneity––translucent to semi-translucent; optic char-
acter—isotropic with anomalous double refraction;
(Chelsea) color filter reaction—none; refractive index—
1.44 (spot reading); specific gravity—2.03–2.11; fluores-
cence—inert to both long- and short-wave UV radiation;
spectroscope spectrum—none seen in the yellow and
orangy brown stones, low-wavelength cutoff at about
400–500 nm in the orange and brownish orange stones.
Using a microscope, we saw: red-brown staining along
fractures, resembling dendrites, in the yellow stone; red-
brown needle-like inclusions and brown breadcrumb-like
inclusions; and patchy “clouds,” sometimes elongated
transverse to the chatoyant band. The acicular inclu-
sions, when visible as distinct needles, were also parallel
to the overall mass of much finer needles that caused the
chatoyancy, but these masses of much smaller needles

Figure 9. This 0.99 ct
pyrope-spessartine garnet

from Sri Lanka changed
color from dark grayish

greenish blue in daylight-
equivalent fluorescent

light (left) to dark grayish
violet in incandescent

light (right). Stone cour-
tesy of Barry Schenk; pho-

tos by Maha DeMaggio.

TABLE 1. Gemological properties of three grayish
greenish blue color-change garnets.

Property Carlsbad sample Nantes samples

Weight 0.99 ct 0.48 and 0.59 ct
Color in daylight Dark grayish greenish Grayish greenish blue

blue (fluorescent light) (daylight)
Color in Dark grayish violet Purple 
incandescent light
Optic character Singly refractive with Singly refractive with

weak anomalous double weak anomalous double
refraction refraction

Color filter Orange Orange
reaction
Refractive index 1.760 1.77
Specific gravity 3.88 About 3.91
Fluorescence Inert Inert
to LW and SWUV
Luminescence None None
to visible light
Absorption 400–450 nm cutoff, weak 435 nm cutoff; 460, 480,
spectrum absorption at 450–470 nm, 504, and 520 nm lines;

diffuse bands at 480–490 and wide band at 573 nm
nm, 504 and 520 nm, and
560–580 nm

Inclusions Oriented needles, some Rutile needles, carbonate,
showing stress graphite(?), spinel

Chemical analysis EDXRF SEM-EDS (0.48 ct)
Major elements Mg, Al, Si, Mn Mg, Al, Si, Mn
Minor to trace Fe, Ca, V, Cr, Zn, Y, Zr Fe, Ca, V
elements
UV-visible Absorption minimum UV cutoff at about 430 nm; 
spectrum (transmission maximum) weak band at 483 nm; and 

at 475 nm; weak absorption a broad, slightly asymmet- 
peaks at 504 and 525 nm ric band with apparent
superimposed on a strong maximum at 580 nm
broad peak centered at 
573 nm; and a strong peak
centered at 685 nm

Figure 10. The 0.99 ct color-change garnet in figure 9
contained oriented parallel arrays of needles, as are
commonly seen in garnets. Photomicrograph by
John I. Koivula; magnified 17×.
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were not obvious at 63× magnification. Some crazing
was visible, but for the most part these curved fractures
were iron stained, which indicates that they existed prior
to the cutting of the stones. This suggests that the cut-
ting did not damage the stones; that is, they were rela-
tively stable at the time they were mined.

Additional testing yielded the following information.
For all five stones, FTIR spectroscopy revealed a typical
natural opal spectrum between 1000 and 6000 cm-1, with
no evidence of polymer impregnation. EDXRF analysis
showed silicon as a major element (expected for opal),
and minor iron and calcium. Three stones (one orange,
two orangy brown) contained traces of zinc; the two
orangy brown stones also contained traces of manganese.

Of rubies and rubles. A new find of rubies in Russia has
quickly attracted the interest of mineral and gem collec-
tors worldwide. The rough material is being recovered
from the Rais mine, located in the Polar Urals in Siberia.
Samples of these rubies, in their host matrix, were pro-
vided for examination by the Mineral Department of The
World of Science, Rochester, New York, through a loan
arranged by William Pinch of Pittsford, New York. The
crystals are dark slightly brownish red; they occur as
well-formed hexagonal prisms with sharp interfacial
angles.

The ruby crystals are contained in a matrix consisting
primarily of white feldspar and greenish brown mica, as
identified in GIA’s Research Department by laser Raman
microspectrometry. Some of the rubies have pinacoidal
terminations, while others, like the one shown in figure
13, are terminated by parting planes that result from
excessive lamellar twinning. Detailed microscopic exam-
ination of the matrix also revealed the presence of ruby
microcrystals.

The gem potential of this deposit is unknown at the
current time. As reserves are established and mining con-
tinues, more details will become available. Mr. Pinch
stated that the crystals seen thus far make excellent min-
eral specimens. Some of the material is cabochon quali-
ty, although lamellar twinning could cause problems
with parting during the fashioning process.

Star sapphire from Madagascar. Star and trapiche blue
sapphires are being recovered from a new alluvial deposit
in northern Madagascar, according to Randy Wiese, of
Michael Couch and Associates, Fort Wayne, Indiana.
The stones are found in northeast Madagascar, about 120
km south of the island’s northern tip, near the east coast.
(The mine was recently shut down, however, after an
endangered species was discovered living in the
area––see, e.g., ICA Gazette, May-June 1998, pp. 6–7.)
Blue sapphires from southern Madagascar were described
in a comprehensive Summer 1996 article by D. Schwarz
et al. (“Sapphires from the Andranondambo Region,
Madagascar,” Gems & Gemology, pp. 80–99) and a Fall
1996 Gem News update (pp. 217–218).

We examined five representative stones, weighing
1.37 to 6.88 ct (figure 14). All five showed good stars.
Their gemological properties were quite uniform: color—
dark blue; color distribution––uneven with hexagonal
banding; diaphaneity––semi-transparent to semi-translu-
cent; refractive indices—1.762–1.770 (spot measure-
ments); specific gravity—4.00–4.01; fluorescence—inert
to both long- and short-wave UV radiation. All five
showed the same absorption spectrum through the hand-
held spectroscope: bands at 450, 460, and 470 nm. When
viewed through the microscope, all showed straight
growth banding oriented in hexagonal patterns, “finger-
print” inclusions, and clouds of “silk.” One stone
showed iron stains, and another had a surface-breaking
opaque reddish brown inclusion that Raman analysis

Figure 11. In addition to rutile needles, this 0.59 ct
color-change garnet contained carbonate crystals,
probably dolomite. Photomicrograph by Emmanuel
Fritsch; magnified 25×.

Figure 12. These five cat’s-eye opals (4.04–6.71 ct)
from southern Tanzania show the range of colors
examined by the editors. Photo by Maha
DeMaggio.
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proved to be columbite. These stones could be mistaken
for synthetic star sapphires (so-called “Linde stars”) if the
straight growth banding was interpreted as curved band-
ing due to the curvature of the cabochon surface. 

TREATMENTS
Jadeite boulder fakes. Although various treatments (i.e.,
dyeing and polymer impregnation) are used to improve
the apparent color of fashioned jadeite, most buyers do
not suspect that rough jadeite can also be altered. Larry
Gray of the Mines Group, Boise, Idaho, submitted one
such faked boulder to the Gem News editors for exami-
nation. The rough boulder was apparently still covered
with its alteration crust, or rind, with a few “windows”
(figure 15, left) polished into it. However, when the boul-
der was sawn, the “windows” were found to be thin
slices of better-color green jadeite that had been placed
under a fabricated crust (figure 15, right).

The sawn boulder measured 96.30 × 84.60 × 34.10
mm, with a weight of 422 grams. The core of the boulder
was a dark mottled grayish green, with more saturated

green “windows,” and the crust was a  mottled dark
brown. By shining a strong light through the edge of one
“window,” we were able to observe an absorption spec-
trum with the handheld spectroscope: This showed a
line at 437 nm, but no detectable “chromium lines.”
(Chromium lines would be expected in a piece of jadeite
with as intense a green color as the windows suggested.)
Only two features—besides the appearance where the
boulder had been sawn—provided any suggestion that
the quality of this piece had been falsified. First, weak
yellow fluorescence to long-wave UV radiation was seen
in areas of the crust surrounding the “windows” (proba-
bly caused by the binding material). Second, the crust in
many places—not just by the windows—reacted when it
was approached by a hot point. This latter observation
suggests that much of the crust, not just that covering
the edges of the “windows,” may have been made of
ground rock plus an organic binding material.

A similar fake was reported on the Canadian Institute
of Gemmology’s Web site (http://www.cigem.ca/357.html)
after the 1997 Tucson show. This boulder had been

Figure 14. These star sapphires, which weigh 1.37 to
6.88 ct, are from northern Madagascar. Photo by
Maha DeMaggio.

Figure 15. Left: this “win-
dow” (about 1.5 cm long) in
a jadeite boulder suggests
that the boulder is of reason-
ably good quality. Right:
when the boulder was sawn,
the owner found that the
“windows” were thin slices
of jadeite that had been
placed under a fabricated
crust. Photos by Maha
DeMaggio.

Figure 13. Mined in Siberia, this 20 × 14 mm ruby is
contained in a matrix of feldspar and mica. The
large crystal “face” is actually a parting plane that
parallels the lamellar twinning. Photo by Maha
DeMaggio.
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sliced into three pieces, hollowed out, and filled with a
“leaf-to-emerald green jelly” that enhanced the appear-
ance of a “window” polished on the surface. Again, the
fraud was not obvious until the boulder was sawn.

Titanium- and gold-coated drusy materials in jewelry.
The appearance of a material can be substantially
changed by altering its luster as well as its color. To this
end, very thin layers of metals and oxides are used to cre-
ate lustrous (but still transparent) materials with unusual
colors. Examples include blue “Aqua Aura”-coated
quartz (Gem News, Winter 1988, p. 251; Fall 1990, pp.
234–235) and the many colors of coated quartz that we
reported in the Fall 1996 Gem News (pp. 220–221). As
these layers are very thin, the coated material is general-
ly not appropriate for many jewelry purposes.

However, the techniques for applying these coat-
ings—among them, plasma deposition and sputtering—
can also be used to apply thicker metallic coatings with
better durability. Because the metals are opaque, though,
all but the thinnest coatings tend to be opaque as well.
One of the more spectacular metals used for such coat-
ings is titanium, since it reacts with oxygen or oxidizers
to form titanium oxide layers with bright “interference”
colors and a metallic to submetallic luster. Among the

colors reported by J. B. Ward (“The Colouring and
Working of the Refractory Metals Titanium, Niobium,
and Tantalum for Jewellery and Allied Application,”
Worshipful Company of Goldsmiths [London] Technical
Advisory Committee Project Report No. 34/1, 1978) are:
“gray, pale amber, dark amber, brown, purple, maroon,
navy blue, sky blue, rich purple, bottle green, lime green,
peacock blue, and gray brown.” Over the past few years,
we have seen many items––from quartz crystals to
arrowheads––that had such coatings. Few, though, would
be considered gem materials.

Recently, Maxam Magnata, of Fairfield, California,
began selling drusy gem materials with this thicker plas-
ma-deposited coating (see, e.g., figure 16). Mr. Magnata
and his partner, Abigail Harris, are marketing these
materials as “Titania Gemstones.” Although they do not
specify the type of drusy material that has been coated, a
similar piece of unknown provenance that was examined
in the Gem Trade Laboratory proved to be drusy quartz
and chalcedony (resembling a section of a geode).
Durability, although much improved, continues to be a
concern, and Ms. Harris and Mr. Magnata caution that
their “Titania Gemstones” should be cleaned with a soft
toothbrush and water or mildly acid solutions (not deter-
gent). Such coatings should not be buffed or polished.

This year at Tucson, Mr. Magnata also showed us
fashioned pieces that had been coated with “hardened”
23K gold (figure 17). He explained that these coatings are
applied to drusy quartz using vacuum deposition (sput-
tering); in some cases, an iridium-rich layer is added for
hardening. For “black drusy”––on a base composed of
quartz and manganese oxide (psilomelane)––an addition-
al layer of transparent silica is added for protection. The

Figure 16. A plasma-deposited titanium coating cre-
ates the iridescent, high-luster surfaces in this 24-
mm-long pendant-set cabochon and the two free-
form cabochons. Pendant courtesy of Maxam
Magnata; photo © GIA and Tino Hammid.

Figure 17. From left to right, these three free-form
cabochons are “gold drusy,” psilomelane drusy par-
tially covered with 23K gold, and psilomelane
drusy; the last measures 19 × 26 mm. Photo by
Robert Weldon; courtesy of Maxam Magnata.
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gold coatings can be applied with a mask, so only part of
the piece is coated. The same cautions apply for this
material as for the “Titania Gemstones,” and ultrasonic
cleaning should not be used.

Surface-treated topaz. Gemstone treaters are constantly
looking for new ways to add color to otherwise colorless
gem materials. When simple heat treatment is not suffi-
cient, other methods (such as irradiation or chemical dif-
fusion) are often attempted. Following the success of dif-
fusion treatment of corundum, the process has been tried
on many other gem materials. Some of these attempts
have resulted in surface coatings (e.g., quartz coated with
blue cobalt glass, Summer 1994 Gem Trade Lab Notes,
pp. 118–119), but we are not aware of any that have pro-
duced actual diffusion.

Last year we were told of several new colorless topaz
treatments which have produced pink, orange, red, and
bluish green colors. All these treatments have been rep-
resented as diffusion. We had the opportunity to examine
specimens of all of these colors and determined that two
different treatment processes are actually being used.

The pink, orange, and red colors have been treated by
what appears to be a sputter-coating process, which pro-
duces a spotty surface coloration. This coating is not per-
manent; it can be scratched off easily with a needle or
any other sharp object (figure 18). Indeed, at the Tucson
show this year, several large parcels of the red material
showed obvious paper wear on the facet junctions. This
is clearly not a surface-diffusion process.

The bluish green material, however, is different. A
parcel of approximately 30 stones was supplied to us for
study by the inventor of the process, Richard Pollak of
United Radiant Applications in Del Mar, California, and

the distributor, Gene Dente of Serengeti Company, San
Diego, California. Although Mr. Pollak believes that the
material is diffusion treated, and the treatment process is
similar to that used for diffusion, Mr. Pollak confesses
that he does not completely understand the exact mecha-
nism taking place. A patent on this process is currently
pending.

We examined six samples from the parcel in detail.
These samples represented the range of color present in
that parcel (bluish green to greenish blue; figure 19) and
weighed from 5.64 to 6.36 ct. The gemological properties
were as follows: refractive indices––1.610–1.611 for the
low index and 1.620 for the high; diaphaneity––transpar-
ent; pleochroism—weak, green and bluish green; optic
character––biaxial positive; (Chelsea) color-filter reac-
tion—pink to red; fluorescence––inert to both long- and
short-wave UV radiation; absorption spectrum using a
desk-model spectroscope––three bands centered at 545,
585, and 640 nm.

When these samples were examined with a micro-
scope, the bluish green color revealed a spotty appear-
ance (figure 20), similar to that seen on the surface of the
other colors of coated topaz described above. Many of the
stones had chips on the keel line of the pavilion or else-
where on the stone. All of these chips penetrated the col-
ored layer and revealed the colorless material beneath
(again, see figure 20). Penetration of the colored layer into
the topaz could not be seen, even with magnification as
high as 210×. Two of the stones showed blue concentra-
tions at the point where some fractures reached the sur-
face (figure 21). It first appeared that this might be similar
to the “bleeding” we have observed in some diffusion-
treated sapphires, but on closer inspection we could find
no penetration of the color into the fractures themselves.
With reflected light, we saw irregularities at these blue
concentrations that made the surface look as if it had

Figure 18. The pink surface coating on this topaz
was easily scratched with a pin, as seen here in
reflected light. Photomicrograph by Shane F.
McClure; magnified 23×.

Figure 19. These two stones represent the range of
color seen in the bluish green to greenish blue sur-
face-treated topaz supplied for this study. Photo by
Maha DeMaggio.
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been melted. Again, the blue color was confined to the
surface, at least at the magnifications available to us.

The chemistry of each of the six samples was deter-
mined by EDXRF. High concentrations of cobalt were
detected, which is consistent with the color of the mate-
rial, its absorption spectrum, and its reaction in the
Chelsea filter.

We also attempted to determine the hardness of the
bluish green/greenish blue color layer. To our surprise,
we could not scratch it with a needle or with a Mohs 7
hardness point. It was only when we used a Mohs 8 hard-
ness point (i.e., topaz) that we were finally able to scratch
the treated surface. We also put half of one stone in a
solar simulator for 164 hours to test the stability of this
treatment to light. No fading of the color was observed in
comparison to the other half of the stone, which we kept
in the stone paper as a control.

Further investigation is necessary to understand the
physical mechanisms taking place during this treatment
process. Given the hardness of the color layer, it is clear
that we are not dealing with a typical applied coating. It
is also possible that there is some penetration of the
color into the stone.

INSTRUMENTATION
New faceting machine. Development engineer Nick
Michailidis has designed a new faceting machine, which
he recently demonstrated to GIA staff. The “Diamante”
(figure 22) can facet both diamonds and colored stones,
and can do so in manual and automatic modes. The cut-
ter can perform all the operations that turn a sawed and
bruted diamond into a fashioned gem, such as blocking,
polishing crown and pavilion mains, brillianteering, table
polishing, and girdle polishing. These operations can also
be performed on colored stones.

The major features of the “Diamante” include: a
portable benchmount (the machine has overall dimen-
sions of 30 × 56 × 35.5 cm high), low vibration and noise
levels, easy conversion between diamond and colored
stone faceting, specially formulated cast-iron laps for dia-
mond cutting (although it uses commercial 8 inch [20
cm] laps for colored stone polishing), a high-torque
reversible motor with variable speed control, and a spe-
cial fixture for re-facing cast-iron laps. The precision quill
head enables quick inspection of the stone without los-
ing the stone orientation, and it can position facet angles
to 0.1°. Other diamond holders and colored stone dops
are available.

In addition to the spatial advantages that result from
use of a single instrument for all steps in diamond

Figure 20. Spotty surface coloration is clearly visible
on this treated topaz. Notice also the small chips at
the culet that break through to the colorless materi-
al underneath. The large chip at the culet must
have been present before the stone was treated, as it
is covered by the treatment. Photomicrograph by
Shane F. McClure; magnified 23×.

Figure 21. Blue color concentrations can be seen
around several minute fractures on the table of this
surface-treated topaz. Photomicrograph by Shane F.
McClure; magnified 23×.

Figure 22. This new faceting machine, Imperial
Gem Instruments’ “Diamante,” can be used to
perform all steps in faceting both diamonds and
colored stones. Photo by Nick Michailidis.
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faceting, Mr. Michailidis notes a personnel advantage for
small factories, as it is easier to train employees to profi-
ciency on one machine rather than require that they
learn to use several machines. He is marketing this
machine through his company, Imperial Gem
Instruments of Santa Monica, California.

ANNOUNCEMENTS
AGTA Announces Tanzanian Miners’ Relief Effort. At
the JCK Las Vegas Show in June, the American Gem
Trade Association (AGTA) announced its Merelani
Miners Relief program. This fund-raising drive comes in
response to a recent catastrophe at the tanzanite mines
in Merelani, Tanzania. In addition to the press release
from the AGTA, we have some information from gem
dealer Michael Nemeth of San Diego, California, who
visited the region soon after the disaster (and who previ-
ously reported on conditions at Merelani in the Summer
1996 Gem News section, pp. 135–136).

In early April of this year (April 8, according to Mr.
Nemeth), heavy rains led to the flash-flooding of several
pits in Block B at Merelani, down to 1,000 feet (about 330
m). Although the disaster occurred during a holiday, 14
mines were being worked during the cool weather of the
night and early morning. In addition, some workers were
in the mines seeking shelter because of crude or nonexis-
tent facilities on the surface. An early estimate of the
loss of life was approximately 200 people, with 65 bodies
recovered as of May 21, when AGTA representatives
Philip Zahm and Jeff Schneider visited the area.

Ironically, the disaster came just as tanzanite produc-
tion in Block B showed signs of increasing after a year-
long dearth of stones. Mining was halted immediately
after the disaster but has since resumed in some areas.
Nevertheless, the task of cleaning out the flooded cham-
bers (figure 23) will take months.

The tragedy has prompted the Tanzanian government
and the mine owners to improve the primitive condi-
tions at Merelani, where most of the mining is done by
hand. The government has already dug a new drainage
canal to redirect rain runoff away from the mines.
AGTA’s goal is to raise $100,000, which will be used to
construct a multi-purpose building on-site for the min-
ers, as well as to train and equip a basic emergency medi-
cal team and a basic mine-rescue team. AGTA has
already obtained pledges from medical and rescue train-
ers to volunteer their time and expertise. Anyone inter-
ested in contributing to the relief program should contact
AGTA headquarters at 181 World Trade Center, 2050
Stemmons Freeway, Dallas, TX 75207 (Phone: toll-free in
the U.S., 800-972-1162; outside the U.S., 214-742-4367).

Birthstone Exhibit at the Carnegie Museum. A collection
of birthstones will be displayed at the Carnegie Museum
of Natural History in Pittsburgh, Pennsylvania, through
September 6. The exhibit features 127 specimens of
rough and cut gems and crystals based on AGTA’s offi-

cial lexicon of birthstones, including a collection of natu-
ral fancy-color diamonds, a 17th-century diamond and
ruby necklace, a wide range of pearls, and a 15 ct emer-
ald. For more information, call (412) 622-3131, or visit
the Carnegie’s Web site at http://www.clpgh.org/cmnh.

Ninth annual conference of the Canadian Gemmological
Association. On October 24 and 25, 1998, the Canadian
Gemmological Association will hold its annual confer-
ence in Montreal, Quebec, at the Montreal Board of
Trade, 5 Place Ville Marie. Although other subjects will
be explored––including Canadian diamonds and Tahitian
cultured pearls––the main topic will be emeralds, includ-
ing production, cutting, marketing, and treatments.
Among the guest speakers will be M. Boucher (on dia-
monds); M. Coeroli (on pearls); J.-P. Riendeau (on light
sources); and K. Scarratt, A. Groom, contributing editor
H. Hänni, and J.-C. Michelou (on emeralds). There will
also be workshops on emerald treatments, to be held in
both French and English. For conference reservations or
additional information, please contact François Longère
at (514) 844-3873.

Figure 23. These Tanzanian miners are using a rudi-
mentary rope-and-bucket system to remove dirt
and debris from the flooded mine shaft. Photo by
Jeff Schneider.
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The Treasured Gifts Council, chaired by Jeanne Larson in 1997 and now chaired
by Richard Greenwood, was established to encourage individual and corporate
gifts-in-kind of stones, library materials, and other non-cash assets that can be
used directly in GIA’s educational and research activities. Gifts-in-kind help GIA
serve the gem and jewelry industry worldwide while offering donors significant phi-
lanthropic and tax benefits. Treasured Gifts Awards are presented to those who
have given gifts valued at $10,000 or more. We extend a sincere thank you to all
those who contributed to the Treasured Gifts Council in 1997.
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In its efforts to serve the gem and jewelry industry, GIA can use a wide variety of gifts. These include natural untreated, treated, and created stones, media

resources for the Richard T. Liddicoat Library and Information Center, and equipment and instruments for ongoing research support. If you are interested in

making a donation, and receiving tax deduction information, please call Associate Campaign Director Anna Lisa Johnston at (800) 421-7250, ext. 4125. From outside

the U.S. call (760) 603-4125, fax her at (760) 603-4199, or e-mail ajohnsto@gia.edu. Every effort has been made to avoid errors in this listing. If we have acciden-

tally omitted or misprinted your name, please notify us at one of the above numbers.
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THE PEARL BOOK: THE
DEFINITIVE BUYING
GUIDE—How to Select, Buy,
Care for & Enjoy Pearls
By Antoinette L. Matlins, 198 pp.,
illus., publ. by GemStone Press,
Woodstock, VT, 1996. US$19.95*

As the subtitle suggests, this book
describes the “how-to’s” of selecting,
buying, caring for, and enjoying pearls.
Although targeted for the pearl con-
sumer, the information presented is
useful for trade professionals as well.

The Pearl Guide opens with some
history and lore, and then moves on to
explain how pearls form. Because
today’s consumer can choose from a
variety of pearls (saltwater Japanese,
South Sea, and Tahitian—and fresh-
water Chinese and American—cul-
tured pearls, among others), the
author describes and compares the dif-
ferent types. Next is a discussion of
the six factors that affect the quality
and value of pearls: (1) luster and ori-
ent, (2) nacre thickness and quality, (3)
color, (4) surface perfection, (5) shape,
and (6) size. This section, which also
offers some pricing guidelines, is per-
haps the most useful to consumers. It
is followed by a section that presents
commentary from industry experts.

Wear, care, and consumer protec-
tion advice are included in the next
two sections. The Pearl Guide con-
cludes with referrals to appraisal orga-
nizations and independent laborato-
ries. There is a section of color photos,
in the center of the book, that features
some magnificent pieces of jewelry.
Missing, however, are color photos of
the different quality factors.

Pearls are enjoying a surge in pop-
ularity today, and Ms. Matlins’ book
is an interesting buying guide.

DIANE SAITO
Gemological Institute of America

Carlsbad, California

GEMSTONES OF BRAZIL:
GEOLOGY AND 
OCCURRENCES
By Patrick J. V. Delaney, 125 pp.,
illus., publ. by Revista Escola de Minas,
Ouro Preto, Brazil, 1996. US$23.80

In the preface to this thin volume, the
author states his intent to pull togeth-
er, from various sources and for the
first time, what is known of the geol-
ogy of Brazilian gemstone deposits.
Dr. Delaney is well qualified, having
spent his professional career as a geol-
ogist in Brazil. His sources, largely
from Brazilian literature, are well doc-
umented and make the reference list
valuable for gemologists interested in
Brazil. Unfortunately, poor editing
and proofreading detract considerably
from the book’s overall value.

Chapter 1 covers (in 22 pages) the 12
principal diamond-producing districts.
Each is discussed separately, except for
the Pardo (Bahia) district, a brief descrip-
tion of which is included in the section
on the Chapada Diamantina district.
Dr. Delaney indicates that he combined
these two districts because the dia-
mond-bearing formations are correla-
tive. However, the diamond-bearing
Tombador-Lavras Formation in the
Chapada Diamantina area is Middle
Proterozoic, while the Salobro Forma-
tion at Pardo is Late Proterozoic, or
possibly Cambrian in age.

The descriptions of each district
include some historical aspects and the
geologic settings. The names of the sed-
imentary or meta-sedimentary forma-
tions in which the diamonds occur are
noted, but because there is no section
describing the general geology, this
information is lost on readers who are
not familiar with Brazilian stratigraphy.
On the important Diamantina-
Jequitinhonha district, Dr. Delaney
writes that “Conventional wisdom
tells us that the further downstream
diamonds are found in the Jequitin-

honha River basin, the poorer [italics
added] the quality and the smaller the
size.” Since fluvial transport actually
increases the general quality of dia-
monds, this error appears to be a glar-
ing example of the poor editing given
this book.

Chapter 2 covers the 12 principal
emerald deposits in 19 pages, with the
greatest emphasis on Carnaíba and the
Santa Terezinha deposits. The format is
similar to that of the diamond chapter.
The Socotó deposit, near Carnaíba, is
placed incorrectly both on the map (fig-
ure 11) and in the text; its actual loca-
tion is about 25 km north-northeast,
not 15 km east, of Campo Formoso.

The remaining chapters cover
aquamarine and other beryl, chrysoberyl,
Imperial and other topaz, tourmaline,
opals, quartz, and other gemstones.
The format changes in these chapters,
with interesting bits of information
on history and gems from the various
mines. Discussion of the geology of
individual mines or districts is limit-
ed because of their sheer number.

Three appendices follow: a list of
localities for gems not discussed, a
section with suggestions for field trips
to Brazil, and a glossary. The glossary
gives both geologic and gemological
terms, which suggests that the intend-
ed audience is the lay public.

Although this book contains much
information of interest to gemologists,
the author has tried to cover too much
material in too few pages. This lack of
depth, coupled with poor editing, lim-
its the book’s usefulness.

D. B. HOOVER
Consulting Gemologist

Springfield, Missouri

SUSAN B. JOHNSON AND JANA E. MIYAHIRA, EDITORS

Book Reviews

*This book is available for purchase through
the GIA Bookstore, 5345 Armada Drive,
Carlsbad, CA 92008. Telephone: (800)
421-7250, ext. 4200; outside the U.S. (760)
603-4200. Fax: (760) 603-4266.



ENCYCLOPEDIA OF 
MINERAL NAMES
By William H. Blackburn and
William H. Dennen, illus., edited by
Robert F. Martin, 360 pp., illus., publ.
by the Mineralogical Association of
Canada, Ottawa, Ontario, 1997.
US$40.00

With this book, the Mineralogical
Association of Canada introduces its
Special Publication series. In the
words of the editor, the intent is “to
provide reference books of broad inter-
est to all involved in the study of min-
erals.” This encyclopedia is indeed a
worthy first offering.

The authors begin with an intrigu-
ing and illuminating introduction to
mineral nomenclature that includes a
discussion of the development and
evolution of European languages. The
core of the book is an alphabetical
compilation of all 3,800-plus minerals
officially accepted by the International
Mineralogical Association (IMA)
through the end of 1996. Also present-
ed here are important mineral group
and series names and a few mineral
names in common usage that are not
currently accepted by the IMA. Each
entry includes the etymology of the
name and the mineral’s chemical for-
mula, original source (type locality),
and crystallographic space group, plus
relevant literature references and
information about relationships to
other minerals.

One’s first reaction might be that
at least some of the information pro-
vided is superfluous to the specific
subject, but the authors have actually
planned their presentation well. The
information they have chosen to
include relates to the most common
origins for mineral names: locations,
chemical constituents, crystal sym-
metry, relationships to other miner-
als, and (most commonly) people.
The careful research and editing that
went into this work is obvious from
the quality and accuracy of the con-
tent and the effectiveness of the pre-
sentation. I noted only a few minor
typographical and informational
errors. The 32 excellent black-and-
white mineral drawings by Peter

Russell, while not a significant source
of information, contribute polish and
aesthetics. This is a book that I can
recommend virtually without reserva-
tion to anyone interested in minerals.

Still, I must also mention a short-
coming that will certainly affect the
usefulness of this book for those pri-
marily interested in gems. Most of the
names in common usage in the gem
world are mineral variety names and,
as such, are not considered “official”
names for minerals. Very few variety
names (e.g., emerald, ruby, and sapphire)
are included in the Encyclopedia. The
only such names I found were adular-
ia, agate, alexandrite, amazonite,
amethyst, aquamarine, and jade. It
seems odd that of the few variety
names included, all but one (jade)
begin with the letter A. I can only
guess that the authors started to
include the variety names and subse-
quently changed their minds. The
Encyclopedia would have been of greater
interest to a broader audience if min-
eral variety names had been included.

The authors have promised annual
updates in the Mineralogical Associ-
ation of Canada’s scientific journal,
the Canadian Mineralogist. I hope
they decide to add variety names and
to make the updates available as sepa-
rate supplemental publications, or—
better yet—as a second edition a few
years down the line.

ANTHONY R. KAMPF
Natural History Museum

of Los Angeles County

PROCEEDINGS OF THE
SIXTH INTERNATIONAL
KIMBERLITE CONFERENCE 
Edited by N. V. Sobolev and R. H.
Mitchell, 619 pp. in two volumes,
illus., publ. by Allerton Press, New
York, 1997. US$95.00 (individuals),
US$225.00 (institutions)

Since the First International
Kimberlite Conference was held in
Cape Town, South Africa, in 1973, the
world’s leading authorities on the
earth’s upper mantle and the forma-
tion of natural diamonds have gath-
ered every four or five years in various

parts of the world (USA, 1977; France,
1982; Australia, 1986; Brazil, 1991) to
present the results of their research. In
August 1995, they met in Novosibirsk,
Russia, for the sixth conference. This
was a milestone not only because it
marked the first time the conference
had been held in Russia, but also
because it was the first opportunity for
many in the international scientific
community to see various aspects of
the Russian diamond industry, includ-
ing mines and research centers. This
two-volume set is an excellent English
publication of 47 papers that are repre-
sentative of the 268 oral and poster
presentations at the conference. Only
about 40% of the papers in this
Proceedings are concerned strictly
with Russian localities or minerals.

Volume 1—Kimberlites, Related
Rocks and Mantle Xenoliths—con-
tains 24 papers describing these rocks
in Canada, Botswana, Namibia,
Tanzania, Australia, Vietnam, Brazil,
the Czech Republic, and various parts
of Russia. Volume 2—Diamonds:
Characterization, Genesis and
Exploration—contains 23 papers cov-
ering a wide range of topics, such as
inclusions in diamonds, physical and
chemical characteristics of diamonds
from numerous localities, characteris-
tics of indicator minerals, and upper-
mantle studies of kimberlite areas in
Yakutia (Russia), Canada, and else-
where. In general, the papers show
that substantial progress has been
made in the understanding of the min-
eralogy and petrology of kimberlites
and lamproites, and in the study of
diamond genesis by various tech-
niques (e.g., cathodoluminescence).

There is plenty in these volumes to
bewilder the average gemologist, as the
papers are written at a very advanced
technical level. Nevertheless, there is
much to interest and challenge experts
in the physical and chemical aspects of
diamonds, kimberlites, and the upper
mantle, as well as those individuals
who are seriously involved in diamond
exploration.

A. A. LEVINSON
University of Calgary

Calgary, Alberta, Canada
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COLORED STONES AND 
ORGANIC MATERIALS

The ABCs of pearl processing. D. Federman, Modern
Jeweler, Vol. 97, No. 3, March 1998, pp. 53–57.

With supply and demand for South Sea pearls at an all-
time high, the South Sea Pearl Consortium is trying to
raise awareness to the fact that some pearls are enhanced
by any one of several methods before reaching jewelers.
There is a spirited debate in the trade as to which
enhancements require disclosure.

Once out of the shell, pearls are usually cleaned by
various chemical and buffing techniques. Whether this
step qualifies as a treatment and merits disclosure
remains to be decided. Pearls are also bleached (with
hydrogen peroxide or other chemicals) for tone consisten-
cy in pearl strands, but since bleaching is used almost
exclusively to remove rather than add color, some argue
that there is no need for its disclosure. Natural pinkish
pearls are often dipped in solutions with organic pigments
to enhance their appearance; these “pinked” pearls may
be recognized by small deposits around the drill hole.

Disclosure is less discretionary with Akoya gray
pearls, because in some the color is natural, whereas in
others it results from irradiation. Some Akoya pearls are
dyed by immersion in silver nitrate salts to resemble
Tahitian black pearls; disclosure of dyeing in this case is
common practice and does not seem to hurt sales. The
same pattern of disclosure generally is not followed with
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solution-treated fancy yellow and golden pearls. Because
there is no way to detect this enhancement, dealers fear
that producers are remaining silent about it. The GIA
Gem Trade Laboratory is working on treatment detection
through spectrophotometry and other advanced tech-
niques.

Luster is highly valued in pearls, and pearl processors
have used a combination of techniques, such as tumbling
and buffing, to attain the best polish. While these are per-
fectly acceptable finishing processes, a new wave of poly-
mer coatings is being used to give dull pearls sheen and
luster. However, detection of such coatings is fairly easy
for laboratories. MD

Emerald stirs many passions. Jewellery International,
No. 43, March/April 1998, pp. 43–46.

Famous jewelers from Cartier to Harry Winston have
used emeralds in their most spectacular creations. Their
designers look to the source countries of Colombia,
Brazil, and Zambia—or to distributors in New York,
Paris, and Israel—in search of the perfect stone. Most
emeralds are enhanced with treatments that vary from
oils to resins. While some in the industry insist that
enhancement is a routine part of the cutting and polish-
ing of emeralds, a need for disclosure is becoming evident.

The American Gem Trade Association has recently
released the Consumer Guide to Emeralds, a pamphlet
designed to educate the consumer on possible emerald
treatments. While oiling long has been accepted by the
trade as a means to enhance emeralds, some consider the
use of resins to be “unnatural.” The industry must decide
which of the multitude of treatments used worldwide
should be deemed acceptable, and which must be dis-
closed. MD

La géologie des gisements de saphirs (On the geology of
sapphire deposits). C. Simonet, Revue de Gemmolo-
gie, No. 132, 1997, pp. 21–23.

On the basis of a literature survey, the author has classi-
fied corundum deposits into three types according to
their geologic origin.
1. Volcanic (primary) deposits. Corundum in this catego-

ry is brought to the surface by magma from sources at
depth. The large deposits in Australia, China, and
Southeast Asia—as well as the deposits in Rwanda,
northern Kenya, and Nigeria—belong to this category.

2. Metamorphic (primary) deposits. Corundum in meta-
morphic rocks is found in formations high in alu-
minum and low in silicon. Two subtypes are recog-
nized: (1) isochemical (i.e., the bulk chemical compo-
sition of the host rock does not change during meta-
morphism); and (2) metasomatic (i.e., during meta-
morphism, the chemical composition of the host rock
changes due to chemical reactions with the neighbor-
ing rock formations or fluids). Examples of corundum
localities of the first subtype are Sri Lanka, Russia (Ural
Mountains), Afghanistan, Pakistan (Kashmir ruby), and

Tanzania (Longido). Important examples of the second
subtype are found in Pakistan (Kashmir sapphire),
Madagascar, Tanzania (Umba Valley), Sri Lanka,
Myanmar, and Kenya.

3. Sedimentary (secondary) deposits. Most of this corun-
dum is retrieved from alluvial and eluvial deposits; no
further details are supplied.
Application of this classification to exploration for

corundum is briefly discussed. PRB

A miscellany of organics. G. Brown, Australian Gem-
mologist, Vol. 19, No. 12, October-December 1997,
pp. 503–506.

This compilation of the identifying features (most as
viewed with a 10× hand lens), augmented by interesting
facts, of rare and common organic gem materials is based
on laboratory reports prepared by the author over the last
decade. Dyed walrus ivory shows a “rice bubble” pattern.
Hawaiian kukui nuts display either a gleaming ebony
color or a rare mottled brown-black kalaloa hue. Ox-
blood colored precious coral is frequently imitated by
red-dyed, plastic-impregnated, common reef-building coral,
which can be identified by the presence of round bubbles
within the plastic. Apple coral, the basis of a large export
industry for inexpensive coral jewelry centered at Zam-
boanga, Mindanao, Philippines, is frequently encountered
as fragments joined by a colored plastic adhesive. A “Co-
lombian amber” specimen was found to be a copal resin;
this material can be identified by its solubility in volatile
organic solvents such as ether, chloroform, or alcohol.
Black pearls purchased in the Philippines at bargain prices
have proved to be ground and polished segments of black
shell, such as that of the black-lipped pearl oysters, and
are easily identified with magnification. MD

Present situation and prospects of China freshwater pearl
breeding. Y. Feng, China Gems, Vol. 6, No. 4, 1997,
pp. 35–37 [in Chinese with English abstract].

The culturing of freshwater pearls in China began in
1972. By the end of the 1970s, China was exporting about
11 tons of pearls annually, which earned about US$18
million. During the 1980s, the freshwater cultured pearl
industry developed rapidly, and both production and
exports multiplied. Overproduction in the 1990s has
pushed prices down to the level of the early 1980s. Today,
the freshwater pearl culturing industry in China faces
serious challenges that can be overcome only by improv-
ing the quality and size of the pearls and limiting the
amount of production. Yan Liu

Red beryl mine finds new investors. M. Lurie, Colored
Stone, Vol. 10, No. 6, November/December 1997,
pp. 26, 28.

Gemstone Mining Inc. (GMI) has acquired a one-year
option to study the feasibility of mining red beryl from
the Ruby Violet mine in Beaver County, Utah. This is the
only known occurrence of gem-quality red beryl in the



world, and it has been mined only on a small scale.
Amelia Investments Ltd., the parent company of GMI,
paid $1 million to extend an option previously held by
Kennecott Exploration Co. Subsequently, Neary Re-
sources Corp. of Vancouver, British Columbia, purchased
a 60% interest in GMI for $3 million. This was expected
to fund operating costs and completion of the feasibility
study by year’s end. [Editor’s note: In a news release
dated June 9, 1998, Neary announced the completion of
the feasibility study, and that it was investigating vari-
ous financing opportunities to fund the project.]

The agreement includes the Cedar City (Utah) pilot
plant, built by Kennecott to process the stones, and some
properties adjoining the main mining claims. All cut and
rough stones from the property, along with production
records and marketing data, were also acquired by
Amelia, which formed GMI to administer, evaluate, and
operate the property. GMI hopes for an initial annual pro-
duction of 25,000 carats of finished goods. MVI
Marketing, of Beverly Hills, California, has been hired to
devise a marketing campaign for the red beryl. MD

Research on texture type of Burmese jadeite Y. Ao and R.
Wu, China Gems, Vol. 6, No. 4, 1997, pp. 118–121
[in Chinese, no English abstract].

Jadeite from Burma (Myanmar) formed in rocks that were
subjected to regional metamorphism involving deep bur-
ial with high pressures but with relatively low tempera-
tures. The different jadeite textures that have been
observed (with a polarizing microscope) can be explained
by variations in the geologic conditions under which
jadeites form and to which they are subsequently sub-
jected. In this article, Burmese jadeite is classified into
eight different “primary” or “secondary” textures.

Four primary textures form during the crystallization
stage of jadeite: granular, cylindrical, fibrous, and “spot-
like.” Four secondary textures form subsequently: plasti-
cally deformed, fractured, “solid solution,” and recrystal-
lized. Photomicrographs featuring characteristics of the
various textures are presented.

Yan Liu and Taijin Lu

DIAMONDS

The applications and properties of MONOCRYSTAL. 
P. R. de Heus, Industrial Diamond Review, Vol. 57,
No. 572, January 1997, pp. 15–18.

The properties of synthetic single-crystal diamonds,
called Monocrystal, are outlined. De Beers produces these
synthetic diamonds for industrial uses. Compared to a
natural diamond, which has an octahedral shape, Mono-
crystal products are cut from cube-shaped crystals. The
sawn plates are available with a thickness of up to 2 mm
and a maximum edge length of 8 mm. Each face lies in
the {100} (or 4-point) plane, so in theory each has four
machining directions.

Because these synthetic diamonds grow so rapidly,

there is very little nitrogen migration within the lattice.
Instead, the nitrogen is randomly distributed throughout
the lattice (type Ib diamond), giving the crystals (1) a typ-
ically golden color and (2) exceptional thermal conduc-
tivity. Monocrystal is, therefore, generally superior to nat-
ural diamond (which is usually type Ia) for high-quality
diamond tools, because the high thermal conductivity
ensures rapid removal of heat. Practical industrial appli-
cations are discussed. RAH

CIS supplement. Supplement to Mining Journal, London,
Vol. 329, No. 8455, November 14, 1997, 32 pp.

The Commonwealth of Independent States (CIS) consists
of the nations of the former Soviet Union, with the excep-
tions of Estonia, Latvia, and Lithuania. In Russia, changes
in government policies in the last few years have affected
mineral exports. For example, in August 1996, Roskom-
dragmet (the Russian Federation Committee for Precious
Metals and Stones) was dissolved; this committee for-
merly determined the conditions for exporting diamonds,
a function that is now under the control of the Russian
Ministry of Economics. Russia exports almost all (97%)
of its cut diamonds. The Russian gem industry reported
$1 billion in sales of cut and polished diamonds in 1996,
the same as 1995. Furthermore, Russia has the capacity
to cut $1.3 billion worth of diamonds annually.

For a brief period in 1995, the Russian government
permitted the publication of mining statistics, including
production statistics on diamonds; however, in November
1995 information on remaining diamond (and precious
metal) reserves was reclassified as a state secret.
Nevertheless, it is known that diamond reserves in the
CIS grew 21% in 1996 compared to 1995.

More than 98% of all diamonds produced in Russia
were mined by Almazy Rosii-Sakha (Alrosa) in the
Yakut/Sakha Republic. In 1996, the value of exported
rough diamonds increased by 3% [to US$1.42 billion]
over 1995 values. The new mill at Yubileinaya went into
operation, and a new diamond pipe, Nyurbinskaya, was
discovered. If Alrosa can get the large capital investments
it desires, it plans to increase diamond output by 25%
over the next three years.

The Lomonosov diamond deposit in the Arkhangelsk
region was discovered in 1980, with exploration continu-
ing until 1987. Joint stock company SeverAlmaz was
formed to exploit this deposit; however, the legal basis for
this company is still uncertain. Another difficulty in
attracting foreign investments is that all data on the
Lomonosov deposit is a Russian state secret. Other min-
ing areas to the north and east of Archangelsk also look
promising, including Verkhotinskaya, Tovskaya, and Ust-
Pinega.

Additional diamond information is provided for other
CIS nations. Diamond-bearing kimberlites have been dis-
covered in the Ukraine, along a 250-km-long stretch of
the coast of the Sea of Azov (in southeastern Donetsk),
and along the Dnipro and Buh Rivers. Belarus has no nat-

152 Gemological Abstracts GEMS & GEMOLOGY Summer 1998



ural diamond deposits, but has large diamond cutting and
synthetic diamond manufacturing industries. In October
1996, the cutting and polishing plant Kristall in Homvel
(formerly Gomel), Belarus, was reportedly at a near stand-
still; however, Belarus refused an offer of 150,000 carats of
gem and 350,000 carats of industrial diamonds from
Alrosa, as the cost was too high. MLJ

Diamond mine economics. Mining Journal, London, Vol.
329, No. 8459, December 12, 1997, p. 483.

An economic analysis of hard-rock diamond mining to
determine profitability under various production and
pricing scenarios was undertaken based on data for 38
mines (pipes and dikes) and prospects. Operating costs per
ton of ore (in 1996 US dollars) are: $18–$30 per ton for
large open pits (>3 hectares [ha] and >5 million tons
[Mton] per year milled); $25–$32 per ton for small- to
medium-sized open pits (1–3 ha and <5 Mton/year milled);
$17–$20 per ton for block-caving operations (3–5
Mton/year milled); and $25–$30 per ton for stoping oper-
ations (1 Mton/year milled). About 70% of the 38 proper-
ties are profitable using the criterion of a rate of return
greater than 20%; some mines are “obscenely” profitable.
The small (<1 ha) Internationalnaya pipe in Russia, for
example, has ore worth an estimated $400/ton. Pipes in
expensive locations (many in Siberia, also Canada) and
several small operations in Africa (with very low operat-
ing costs) were not considered in this analysis.

Four production-pricing scenarios were considered: (1)
present production and pricing; (2) a 50% fall in rough dia-
mond prices; (3) a 2% annual increase in demand over a
10 year period from a 1996 (base level) 10 Mct [million
carats] current oversupply, with five major new mines
coming on line, and static rough prices; and (4) the third
scenario with a 5% annual price decrease in rough. Under
the first scenario, there are three “really great” mines:
Jwaneng (56 ha), Udachnaya (20 ha), and Venetia (18 ha).
If prices fall 50% (scenario 2), four of the 38 mines remain
very profitable—the best two being Jwaneng and
Venetia—and six others are still profitable; however, the
major mines Orapa, Udachnaya, and Argyle are no longer
profitable. In the third scenario, supply and demand
remain in balance; but in the fourth scenario, significant
shortfalls quickly develop. It is suggested that if De Beers
were to flood the market with small and lower-quality
stones for any significant amount of time, its competitors
Argyle and Udachnaya would be quite resilient to falling
prices, but some of its own mines, including Orapa,
would have to close. The effect of new production is also
likely to threaten the market position of small and low-
quality diamonds. MLJ

Marine diamond mining comes of age. D. Clifford,
Mining Magazine, Vol. 177, No. 6, December 1997,
pp. 337, 339–340.

Namco has a new seabed crawler—a dredge that travels
along the ocean floor—for mining off Namibia’s coast.

The NamSSol is a machine 6 m high, 8 m long, and 5 m
wide that weighs 120 tons; it cost about £6 million to
develop. It has an articulated (i.e., jointed) suction boom,
with a powerful dredge pump that sucks gravels off the
seafloor, and two other pumps to locally agitate the grav-
els for removal. The gravels are mixed into slurry (about
18% solids; in contrast to the 3%–5% solids achieved by
airlifts) for transportation to the mining ship. The boom
can also rotate through 270°, so that the dredge unit does
not need to be moved as often; and it can thump on the
ocean floor, with a force of about 20 tons, to break up the
sandstone crust that commonly overlies the diamond-
bearing gravels in the area.

The NamSSol is operated from the mining vessel MV
Kovambo. The slurry is brought aboard the ship in 450-
mm-diameter flexible hoses, where it is wet-screened and
the 2–12 mm size fraction retained. The gravels are
scrubbed in a ball mill, and then coated with ferrosilicon;
the fractions with densities less than 3.1 g/cm3 are sepa-
rated by a cyclone and then discarded. The remainder is
sorted first by fluorescence to X-rays and then by hand.

The NamSSol is planned for immediate service in fea-
tures 19 and 20 of Namco’s Koichab prospect, off Luderitz
Bay. These features are expected to be the most produc-
tive part of the Koichab prospect, with inferred resources
of 626,000 and 775,000 carats, respectively (in water
depths of 65 to 85 m; of the 1.874 Mct inferred for
Koichab features 11, 18, 19, and 20). Given earlier recov-
eries, the stones should average about 0.36 ct. With 300
days of mining per year anticipated, Namco targets an
average recovery rate of 150,000 carats/year for this ship.

This article also contains a short history of seafloor
mining in Namibia. “Local legend” Sam Collins first
dredged off the southern Namibian coast in the early
1960s, recovering about 788,000 carats. After much
exploration, De Beers began dredging operations in 1991.
Offshore production (by various operators) grew from
29,000 carats in 1990 to more than 650,000 carats in
1996, and some insiders anticipate annual productions of
over 2 Mct by the turn of the millennium. The diamond-
bearing gravels extend along 1,400 km of coastline,
including southern Namibia and northern South Africa,
and contain an estimated 3,000 Mct of diamonds.

MLJ

Mink’s Mali macros. Mining Journal, London, Vol. 329,
No. 8457, November 28, 1997, p. 440.

Five “macrodiamonds” have been found at three separate
areas in the Kenieba prospect in Mali; the two largest
stones, weighing 1.0 and 0.5 ct, were the first diamonds
ever found in the Faraba district. MLJ

A new view on the mechanism of diamond polishing.
F. M. van Bouwelen, L. M. Brown, and J. E. Field, Indus-
trialDiamond Review, Vol. 57, No. 572, January 1997,
pp. 21–25.

A new model is proposed to explain the well-known high-
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ly anisotropic behavior of diamond during friction and
polishing: Diamond hardness varies with crystallograph-
ic direction, and the rate of polishing also varies with the
direction of the polishing surface relative to the rotation
of the scaife. For many years, a micro-cleavage theory was
used to describe the removal of material from the surface
during polishing, but this new model proposes instead a
local graphitization at the diamond surface. This model
rests on the observations that friction measurements and
polishing produce similar wear tracks and similar debris
[so-called “black powder”], and that the surface of a pol-
ished diamond shows loss of crystallinity and damage to
the upper atomic layers. RAH

GEM LOCALITIES

Uruguay: Untapped potential. Supplement to Mining
Journal, London, Vol. 329, No. 8455, November 14,
1997, 16 pp.

Uruguay is best known to gemologists as a major source
of amethyst and agate; however, the country appears to
have potential for diamonds as well. The regional geolo-
gy consists of Precambrian basement rocks covered by
younger sediments and flood basalts. Preliminary explo-
ration by Rea Gold and SouthernEra Resources (following
traces of diamond indicator G9 and G10 garnets in stream-
beds) has uncovered 11 diatremes in the Rio Arapey
region. The two main target areas lie west and northeast
of Tacuarembo.

Agate and amethyst are found in geodes in Cretaceous
lavas in the northwest of the country, near Artigas. Only
one “phase” of lava flows is significantly mineralized; it
is mined by both open-pit and underground operations.
The geodes, which measure up to 2 m across, are com-
monly found in clusters; they are removed using jack
hammers and blasting. Ground-penetrating radar is being
studied as a means to prospect for geodes underground. In
1996, 70 tons of amethyst and 154 tons of agate were
mined; however, production could easily grow with high-
er demand. MLJ

INSTRUMENTS AND TECHNIQUES

A combined spectroscopic method for non-destructive
gem identification. L. I. Tretyakova, N. B. Reshet-
nyak, and Yu. V. Tretyakova, Journal of Gem-
mology, Vol. 25, No. 8, October 1997, pp. 532–539.

The authors propose that no single analytical instrument
or technique can provide conclusive, nondestructive
identification of all gems. They point out the specific lim-
itations of what they consider the three most viable
methods—Raman laser spectroscopy, “mirror” infrared
reflection spectroscopy, and UV-Vis-NIR (ultraviolet-visi-
ble-near infrared) diffuse reflection spectroscopy—and
show how these three are mutually complementary. By
using one or more of these methods—as determined by
the type of gem, its mounting, size, and the like—an

unknown sample can be identified unequivocally. At first
this article may seem of use only to practitioners of
instrumental analysis, but the warnings of the potential
hazards and limitations of the various methods also may
inform gemologists in search of high-tech assistance as to
which ones to avoid. CMS

Praktische Analytik für Sammler: Mineralbestimmung
per REM und EDX-Analyse (Practical analytical
methods for collectors: Mineral identification with
SEM and EDX analysis). Th. Raber, Lapis, Vol. 21,
No. 12, 1996, pp. 21–25 and 58.

Readers of the mineralogical and gemological literature
are familiar with such terms as SEM [scanning electron
microscopy] and EDX [energy-dispersive X-ray] analysis,
but many of those who have not been educated in the sci-
ences probably do not know the theory behind these tech-
niques and their capabilities. This article explains in sim-
ple language: (1) the development and use of scanning
electron microscopes, (2) how SEM pictures and EDX
spectra are generated and the information they contain,
(3) how samples (as small as a period) are prepared and
handled, and (4) what types of data can and cannot be
gathered from the samples. The article, which is written
in German, requires only basic scientific knowledge.

RT

JEWELRY HISTORY

Fool’s gold? . . . The use of marcasite and pyrite from
ancient times. L. Bartlett, Journal of Gemmology,
Vol. 25, No. 8, October 1997, pp. 517–531.

The material known in the trade as “marcasite” is, in
fact, cut and polished pyrite, the cubic form of iron disul-
fide (FeS2). In mineralogy, the term marcasite refers to the
orthorhombic form of FeS2. According to the author of
this interesting and readable article, this confusing use of
the name “has existed for hundreds of years,” with the
terms pyrite and marcasite being used interchangeably
until the 19th century, when the new science of crystal-
lography established the definitions. Since at least the
16th century, however, it was known that various forms
and colors of FeS2 existed.

This article focuses on pyrite, beginning with a brief
description and quickly moving on to its use throughout
history. Because pyrite is the world’s most commonly
occurring sulfide, it has been used since prehistoric times
in both the Old and New Worlds. Its use with flint to start
fire is at least 14,000 years old and led to its use in
firearms in the 16th century. Almost as old is its use to
create vitriol, an important black dye, from before the
time of Christ through the Industrial Revolution.

As an ornamental material, pyrite again dates to pre-
historic times. In the Middle East, beads and crystals have
been found in archeological sites and graves. The early
cultures of Middle and South America used pyrite exten-
sively in practical and religious objects at least as early as

154 Gemological Abstracts GEMS & GEMOLOGY Summer 1998



750 AD (examples are illustrated). Cutting of marcasite to
imitate rose-cut diamonds began in the 18th century and
peaked in Europe during the reign of French King Louis
XIV. The stones were set in silver, as were diamonds, but
their affordability and availability extended their applica-
tion to buttons and buckles as well as jewelry. The qual-
ity of marcasite jewelry declined as demand grew in the
19th century, and it was regarded poorly as simply a
cheap substitute for those who could not afford dia-
monds. A brief artistic resurgence in marcasite jewelry
occurred in the 1920s and 1930s, notably in the Art Deco
pieces from Germany. Today, the material is used pri-
marily in inexpensive reproductions, although some mar-
casite pieces have silver mountings rather than the base
metal used after World War I. CMS

Gems—Fact and mythology. H. Levy, Gem & Jewellery
News, Vol. 6, No. 4, September 1997, pp. 57–59.

Various aspects of sapphire and fancy-colored sapphire are
discussed, including biblical references, color change,
Roman jewelry, sources, durability, heat treatment, stars,
and synthetics. Several pieces of interesting information
are presented. For example, the Bible contains several ref-
erences to sapphire in which the stone is related to wis-
dom. Sapphire has long symbolized truth, sincerity, and
faithfulness, which has made it an excellent choice for
engagement rings (Prince Charles and the late Lady Diana
Spencer contributed to the revival of this tradition). The
Persians believed that the earth rested on a giant sapphire,
and that the sky was pale blue in its reflection. In the 18th
century, color-change sapphire was used to determine
female virtue (a change of color in a color-change sapphire
when worn by the subject indicated unfaithfulness, even
though the subject might have been required to wear the
sapphire both in daylight and when candles or lamps
were lit!). MD

PRECIOUS METALS

Platinum blind. Cigar Aficionado, December 1997, pp.
456–467 passim.

This article reviews the history of the use of platinum in
jewelry, starting with the ancient Egyptians who, about
2,700 years ago, found a way to work naturally occurring
gold-platinum alloys into jewelry. Because of its high
melting point, however, platinum was not widely used
for jewelry until modern times. For example, the Spanish
conquistadors, when plundering for silver and gold,
thought of platinum as an inferior silver because it would
not melt (and so used it as gunshot instead of lead); in
fact, the name platinum is derived from the Spanish
platina meaning “little silver” or “lesser silver.” How-
ever, its pure color, high strength, and inertness (includ-
ing resistance to tarnishing) encouraged artisans of the
early 20th century to work with this metal. They were
aided by new, high-temperature furnace technology with
which platinum could be melted more easily than before.

Jewelry design based on delicate-looking platinum
wirework (open lacework) strong enough to support gem-
stones began to appear in the era of King Edward VII (who
reigned 1901–1910). This new fashion found favor with
Louis Cartier, who used it with diamonds in particular.
Later, the early 20th century style evolved into the beau-
tiful platinum-based jewelry designs of the Art Deco period.

During World War II, platinum was used only for mil-
itary purposes, and platinum substitutes (e.g., white gold)
were adopted for jewelry. After the war, platinum never
regained its exalted status, although Harry Winston, like
a few other fine jewelers, continued to design pieces with
platinum to support the massive numbers of diamonds
used in his jewelry.

Today, platinum-based jewelry is enjoying a resur-
gence in popularity, although platinum is a relatively rare
metal. Only about 150 tons of platinum are mined annu-
ally, compared to more than 2,000 tons of gold. About
40% of newly mined platinum is used in jewelry (the
remainder is used in numerous industrial applications,
e.g., as a catalyst and in computer technology). Japan con-
sumes 85% of the platinum used for jewelry, whereas the
U.S. consumes only 3%. However, the U.S. is the fastest-
growing market for platinum jewelry. MD

SYNTHETICS AND SIMULANTS

Inclusions in synthetic rubies and synthetic sapphires
produced by hydrothermal methods (TAIRUS,
Novosibirsk, Russia). A. Peretti, J. Mullis, F.
Mouawad, and R. Guggenheim, Journal of
Gemmology, Vol. 25, No. 8, October 1997, pp.
540–561.

This well-illustrated article examines (by SEM-EDX
analysis) the inclusions in Russian hydrothermal ruby
and sapphire manufactured by Tairus. Coatings on rough
samples were found to be either boehmite or an unknown
noncrystalline gel-like material. The following inclusions
were observed in both rough and cut samples: solid inclu-
sions of corroded copper (probably remnants of wire), iso-
metric crystals and hexagonal platelets of copper, clouds
and linear series of pinpoints of whitish reflective parti-
cles, tiny needles, and whitish particles (possibly alkali or
calcium carbonates from the mineralizers).

In pinkish red to red samples, the authors found fluid
inclusion “fingerprints” or feathers, among which occur
large three-phase (liquid-gas-mineral) inclusions associat-
ed with large tube-like negative crystals. The daughter
minerals in the inclusions were identified (by crossed
polarizers and heating/freezing [H/F] experiments) as car-
bonates. H/F experiments also revealed that the liquid
phase is predominantly H2O. By contrast, three-phase
inclusions in natural rubies are often CO2-rich with
daughter minerals of diaspore, graphite, or mica. Of per-
haps greatest interest to the practicing gemologist, the
authors describe a simple gemological H/F test to distin-
guish between natural and synthetic hydrothermal rubies
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on the basis of three-phase inclusions. The copper inclu-
sions also are indicative of synthetic origin. CMS

Tairus hydrothermal synthetic ruby. L. Qi and S. Lin,
China Gems, Vol. 7, No. 1, 1998, pp. 122–124 [in
Chinese with English abstract].

Gemological investigations of Tairus hydrothermal syn-
thetic ruby revealed characteristic microscopic features,
including solid alloy inclusions consisting of mainly cop-
per-iron alloys and wavy growth lines. Chemical analysis
by microprobe showed that the chromium concentration
in the area of the growth lines averaged 3.81 wt.% Cr2O3,
as compared to 1.53 wt.% Cr2O3 in the remainder of the
stone. Characteristic infrared absorption peaks are 3308,
3233, and 3186 cm−1. Taijin Lu

Marketing moissanite. Modern Jeweler, March 1998, Vol.
97, No. 3, p. 14.

C3 Inc. of Research Triangle Park in North Carolina is
planning to market synthetic moissanite (silicon carbide)
as a diamond simulant “later in 1998.“ The prospect of
C3’s launch of synthetic moissanite in commercial quan-
tities has drawn the trade’s attention, mainly because
news reports showed jewelers misidentifying synthetic
moissanite as diamond with a standard diamond tester
(the thermal conductivity of synthetic moissanite is very
similar to that of diamond). This article gives the current
and anticipated quality characteristics and prices of syn-
thetic moissanite. (See Gems & Gemology, Vol. 33, No.
4, 1997, pp. 260–275, for more details of the physical and
optical properties of this material, and methods by which
it can be distinguished from diamond and other simu-
lants.)

The synthetic moissanite produced thus far is “M or
better” on the GIA color-grading scale. An undisclosed
quantity of cut round brilliants under 0.5 ct have been
sold: a 3 mm sample for $18 and a 5 mm sample for $80.
Future commercial production is expected to be eye-
clean, between I and M in color. The company says that
per-carat prices will be about 5%–10% of those for dia-
monds of similar quality. The company plans to target
working women, and will offer retailers full marketing
support. MD

TREATMENTS

New emerald treatment features I.D. tracer. National
Jeweler, Vol. 42, No. 7, April 1, 1998, p. 22.

Gematrat, a new enhancement process for emeralds, now
features a “secret signature tracer” designed to aid in
treatment identification. A small amount of the tracer,
added to a colorless epoxy resin, is visible when exposed
to ultraviolet radiation. After a thorough cleaning to

eliminate any previous treatments, the tracer-containing
epoxy resin is injected into the emerald. Although the
tracer identifies that the enhancement was performed by
the Gematrat process, at present the fluorescence is visi-
ble only with 120× magnification. The developer of Gematrat
is currently working to make the tracer detectable at lower
magnification, so that jewelers can see it with more typi-
cal gem-testing equipment. The developer states that the
treatment, which has a lifetime warranty, is superior to
others on the market, because it does not change color
with age and is able to withstand the rigors of repolishing
and ultrasonic cleaning without leaking out or damaging
the stone. MD

MISCELLANEOUS

Sri Lanka deregulates to raise exports. M. A. Prost,
Colored Stone,Vol. 10, No. 6, November-December
1997, pp. 10, 12.

Responding to competitive market pressures, Sri Lanka
lowered taxes and tariffs in June 1997 to help small and
medium-size cutting and manufacturing companies
increase productivity. The new policies allow manufac-
turers to import rough stones duty-free, paying only a
4.5% security levy that is refunded if the stones are re-
exported within six months. More important to manu-
facturers is that any company can trade gems locally and
pay only the nonrefunded levy. The government is also
offering a 100% tax exemption on imports of goods, such
as machinery, to companies that export 50% of their pro-
duction. In addition, the National Gem and Jewellery
Authority, which regulates the jewelry industry in Sri
Lanka, has allocated $4.2 million to develop heat-treat-
ment facilities for milky “geuda” corundum mined in Sri
Lanka. All these measures are designed to help Sri
Lankan industries compete internationally. The export
value of cut and polished gems reportedly increased from
$13.64 million in 1996 to $18.79 million by July 1997.

Although manufacturers are optimistic, they remain
concerned about other restrictions, including time-con-
suming paperwork required by the Gem Authority in
Colombo. That process normally takes two days and is
seen as the major remaining obstacle. The cutting indus-
try has also complained about the lack of guidance for
industry growth as well as the lack of funds, training
skills, and marketing efforts. Because there is not enough
raw material to sustain and develop the local lapidary sec-
tor, the cutting industry is lobbying to mechanize the
mining industry, which is currently described as “pick
and shovel.” Meanwhile, the Sri Lanka Export Devel-
opment Board is working to increase the market for Sri
Lanka-cut gems with trade fairs and international pro-
motional programs. MD
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